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ix
A New Yorker cartoon from an earlier era featured a man at a bar telling
a companion, “It sure is a relief to meet somebody with no energy policy.” If
that is your view, you should run from this book. If you have at least a nagging
sense that our energy affairs need immediate remedial attention, you have cause
to appreciate what Fereidoon Sioshansi and his coauthors have achieved in this
volume.

Sioshansi has challenged his small army of distinguished coauthors to bring
him no small plans. An underlying theme in a very diverse collection is the
imperative to imagine a wholly different future, and to apply tools far tran-
scending those of the technologist. The book touches more than lightly on
behavioral change, sociology, economics, anthropology, ethics, and
philosophy.

Underlying every chapter is a well-justified sense of urgency, at a moment
when the temptation for complacency is almost palpable. After all, U.S. energy
consumption dropped 7% between 2007 and 2009, and our greenhouse gas
emissions are down 10% since 2005. In 2008 and 2009, our electricity use
dropped in consecutive years for the first time since World War II. Domestic oil
use peaked in 2005, and by 2009 daily consumption was down by 10%. The
trend of fossil fuel prices since mid-2008 is generally declining, and reports
abound that plentiful natural gas supplies will persist for decades thanks largely
to advances in drilling technology. Worldwide, despite the continued economic
surges of giants like China, Brazil, and India, total energy use dropped by 1.2%
in 2008 and another 2.2% in 2009. Can’t we all just relax for a while?

Sioshansi and his coauthors don’t think so, and May 2010 projections from
the U.S. Energy Information Administration bear them out.[1] EIA sees global
energy consumption growing by almost 50% over the next quarter century if
business as usual is allowed to reassert itself. Greenhouse gas emissions and
fossil fuel use would increase at comparable rates. That would make today’s
dangerous oil dependence much worse and all but eliminate any chance to
suspend a uniquely dangerous global experiment with climate instability.

Our best hope for a different outcome lies, ironically, in a common
misunderstanding that surfaces from time to time in this volumedas do
forceful rebuttals. I refer to the contention that comfortable lifestyles, for those
who have them worldwide, depend on continued access to cheap and plentiful
.



x Foreword
energy. But as Sioshansi himself would be the first to remind us, the real issue is
not the cost of energy but the cost of the services that it provides, and the
affordability of humanity’s energy services hinges now on a race between
energy efficiency improvements and increases in the cost of energy commod-
ities. Readers of this volume will emerge with a strong rooting interest in the
energy efficiency improvements and a well-grounded optimism about their
prospects. Those readers will also have a much fuller understanding of pros-
pects for changing the human behaviors that matter most in determining the
energy intensity of energy services, with profound implications for both
economic and environmental welfare.

Thoughtful observers of the energy scene already had ample cause to
appreciate the insights of Fereidoon Sioshansi and his redoubtable coauthors.
Together they have achieved a formidable addition to an impressive legacy.

Ralph Cavanagh
Energy Program Co-Director

Natural Resources Defense Council
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Pursuing a low-carbon energy system is arguably the single most important step
that can be taken towards achieving a sustainable economy and lifestyle in the
developed as well as in the developing world. Demand for energy is set to
increase for the foreseeable future due to continuous population and economic
growth.

The services from energy use affect most aspects of modern life and range
from necessities, to essentials, and to leisure activities. Hence energy use is
a function of derived demand and ultimately driven by our needs, wants, and
desires. Meanwhile, the steady rise in our incomes has reduced the effect of
energy prices on demand and incentives for exploiting the large energy effi-
ciency and saving potential.

The search for a low-carbon energy system has now been a major economic
and environmental priority for nearly four decades. Initially, the focus of this
search was on finding supply-side solutions in renewable and low-carbon energy
sources. While there has been substantial progress on this front, there remains
much scope for technical progress and cost reductions. As we recognized the
limits of supply-oriented solutions we began to explore the possibilities of
demand-side-management options. Also here, while some progress has been
made there was a need to further widen the scope of the search for ideas and
solutions. More recently, much hope has been vested in the promise of smart
electricity networks in integrating large amounts of renewable energy sources
while at the same time allowing for an active and flexible demand-side to
participate in the energy system and markets.

However, as part of this process, we have come to realize that technological
and economic approaches are not sufficient given the scale of the challenges in
question. The cost of most new energy production technologies are still high,
smart energy networks are yet to be implemented and prove their merit, and
market failure remains pervasive in various aspects of demand for and usage of
energy. Faced with these challenges, some researchers and decision-makers
have begun to widen the scope of their search for solutions that are beyond the
conventional boundaries of the energy supply and demand systems and
economic instruments to energy and environmental issues. Some of these
efforts explore innovative approaches that focus on values, behaviour, and
lifestyle aspects of individual consumers, communities, and the societies as
a whole.

It is not sufficient to debate how the future energy systems may or should be
formed. We are yet to translate and define sustainable energy future into better
i



xii Preface
and viable technological, economic, social, and political terms. We also need to
be conscious of the path and transition to the sustainable futures. The benefits of
a low-carbon energy system are obvious and are widely recognized. At the
same time, the importance of the critical issue of energy equity at national as
well as international level for the sustainable energy future cannot be over-
emphasised. Failure to explicitly address the equity and distributional aspects
of measures and policies can undermine the long-term continuity of the efforts
towards achieving a low-carbon energy future and lifestyle.

This book can be seen within the context of these challenges as it rightly
attempts to go beyond the traditional realm of technical and economic
conceptions of energy systems where the users are regarded as consumers or
customers. This volume also recognizes the role of the energy users as citizens
and communities whose demand for energy services is also driven by their
norms, values, and lifestyles.

This book brings together the latest ideas from an international and inter-
disciplinary group of authors as they explore the premises of a sustainable
energy future and the path that can lead to it. In this regard, the book offers
a timely and welcome contribution towards enhancing our understanding of
some emerging aspects of a viable energy system and the role of sustainable
lifestyle in achieving this.

Tooraj Jamasb
Heriot-Watt University
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where he teaches Anthropology of Nature, Environment and Symbolic Systems.

His research interests are focused on values, religions, and their relation to
the natural environment. He has conducted or participated in a number of
multidisciplinary research projects including collecting and analyzing both
quantitative and qualitative data in Belgium, Cabo-Verde, Canada, and
Guatemala.
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Can We Have Our Cake and Eat
It Too?
Fereidoon P. Sioshansi
Menlo Energy Economics
INTRODUCTION

There is a growing recognition among some experts that humankind may have
gotten itself into an unsustainable path e ecologically, economically and
ethically1. Those who subscribe to this belief point out that we have, perhaps
unwittingly, adopted a socio-economic system that encourages resource
extraction, industrial production, consumption and economic growth as if these
were the sole means to an end, namely prosperity, high living standards, and
human well-being2. Most economists define and measure the well-being of
a country by looking at its gross domestic product (GDP), per capita income, or
economic growth rate, metrics that are increasingly being questioned as
inadequately measuring a country’s overall welfare or status.3 Today, there is
,

t
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growing interest in measuring prosperity, happiness and human welfare by
including non-economic attributes.4

Our adopted capitalistic, profit-motivated and consumption-oriented socio-
economic system has resulted in highly unequal distribution of income, typi-
cally across but also within societies, some enjoying extremely lavish standards
of living sustained at considerable ecological cost while others live in abject
poverty. The current debate on how to address climate change and who should
bear the costs e to a large extent e is a manifestation of these inequalities.
It pits the rich, who have attained high living standards by emitting enormous
quantities of carbon into the atmosphere in the past, against emerging eco-
nomies, who aspire to reach the same living standards following a similar
development pathe namely reliance on fossil-fuels and other natural resources.

In this context, we examine the following four important questions:

l Are we in a bind?
l How did we end up in this bind?
l Where do we go from here?
l How can we get there?

ARE WE IN A BIND?

As we enter the 21st century, there are growing concerns about the long-term
viability and sustainability of the business-as-usual paradigm.

Some experts, for example, debate how much of the remaining finite
reserves of fossil fuels can be extracted at reasonable cost. More importantly,
there are serious concerns about mankind’s long-term impact on the environ-
ment. With growing population and rapidly rising aspirations for higher living
standards in developing countries, we will not only need more energy, but more
water, more food, more mobility, more of everything for more people at
affordable prices.

Human ingenuity and technological advancements have historically gotten
us out of the bind5. New York City was not buried under horse manure as was
once feared, neither did the stone age end because man ran out of stones, as the
4. A recent survey by Legatum, for example, ranks Finland as the most prosperous nation in the

world e not because it has the highest per-capita GDP but because of other attributes including

income equality, good institutions and a decent education, health and welfare system. US, by

comparison, was ranked #9. Further details at http://www.prosperity.com/rankings.aspx. Similarly,

the Human Development Index (HDI), developed by the United Nations Development Program

(UNPD) in the 1990s proposes to shift the focus of development economics from national income

accounting to people centered policies and measures. HDI is a composite measure that evaluates

development not only by economic advances but also improvements in human well-being.

5. There is a debate among those who believe in technological fixes vs. those who believe technology

can only go so far in addressing longer-term scarcity issues. For an example, see R. Heinber’s

Searching for a Miracle: Net Energy Limits & the Fate of Industrial Society, Sept 2009.
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famous saying goes. But there are growing concerns that with rising population
and growing demand for higher living standards, we must seriously consider
major adjustments in how we use energy e and other natural resources e and
how the timing of these choices may affect the quality of life for our children
and grandchildren.

As developing economies continue to grow, the ranks of the global middle
class are rapidly increasing. With over 2 billion living in China and India alone,
a new consumer society who can afford higher standards of living is emerging.
Many citizens of oil-rich PersianGulf states already have higher per capita energy
and carbon footprints than those in the West. Many experts believe that feeding,
housing and providing for the growing ranks of the global middle class may push
us beyond what is practical with the natural resources and technologies at our
disposal. In the words of Trainer, whose views are further described in the book,

“There is no possibility that the per capita rates of resource consumption the 1.5 billion

rich (currently) have can be extended to the other 7.5 billion we will soon have on Earth.

The Australian footprint of 8 ha of productive land per capita is about 10 times the area

that will be available per capita in 2050.”

Trainer is among those who are predicting that we will run into resource
shortages, the ecological consequences of climate change, destruction of soils
and forests, and loss of critical habitat for species long before 2050 unless we
get on a path different than the business-as-usual.

While such views may be in the minority today, they cannot be ignored or
dismissed. Aside from the issue of resource scarcity, there is the growing
inequalities among the rich and the poor, not just in terms of income or energy
per head but in terms of per capita carbon and ecological footprint. Many view
these as unsustainable, unjust, and unethical.

Another issue receiving increased attention in recent years, of course, is
climate change and how to allocate the significant costs needed to address the
problem given the highly unequal contribution of the rich and the poor on a per
capita basise not to mention the unequal contribution of the rich in the past and
the poor going forward.

The short answer to the question “are we in a bind?” may be that, at
a minimum, we have to make significant adjustments in our business-as-usual
economic, social and ecological paradigms to avoid impending scarcities
including the worst consequences of climate change6. Technological fixes will
no doubt help, and our economic system has plenty of built-in, self-correcting
mechanisms to deal with emerging scarcities through powerful price signals
that drive investments to address emerging problems.
6. A recent study compiled by the US National Academy of Science, released in May 2010, for

example, concluded that “Climate change is occurring, is caused largely by human activities, and

poses significant risks for e and in many cases is already affecting e a broad range of human and

natural systems.”
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At least one contributing author to this book does not subscribe to the view
that we are in fact in a serious bind while another believes that our existing
socio-economic system e assisted by technological fixes and adequate inve-
stment e offers the means to get us out of the bind. Climate change, for
example, is viewed as yet another difficult challenge that we shall, in time,
overcome. Others are not so sure.
HOW DID WE END UP IN THIS BIND?

Since the dawn of the industrial revolution in 1880s, humankind has enjoyed
a period of sustained e if geographically uneven e economic growth accom-
panied by significant population growth. Much of this can be attributed to our
ability to exploit the earth’s abundant natural resources, particularly but not
exclusively fossil fuels, literally and figuratively, to feed the growing pop-
ulation and the economic engine.

While segments of the world’s population remain in abject poverty and
subsist on extremely low per capita food and energy diets, a growing portion of
the world population enjoy high standards of living made possible, to a large
extent, thanks to plentiful and cheap energy, and one might add, because we
have been able to ignore the significant externality costs associated with our
unsustainable habits up to now7.

In developed countries, plentiful and cheap energy makes it possible for
a small fraction of the population to feed the masses of urban dwellers8. Cheap
and plentiful energy also provides affordable transportation and mobility,
allowing people and goods to travel long distances to destinations and markets
around the world. Moreover, cheap and plentiful energy offers a wide range of
affordable energy services, allowing us to live in comfortable homes, work in
functional offices and factories, and provides the means of transportation to and
from home to work. Finally, cheap and plentiful energy defines our travel and
leisure habits, allowing a growing number of people to travel on business or for
pleasure to locations far from where they live.

More broadly, our entire economic system is predicated on cheap and
plentiful energy as are the design of our infrastructure and layout of our urban
centers. It is not an exaggeration to say that our comfortable lifestyles e for
those who are privileged to enjoy it e is very much dependent on continued
access to cheap and plentiful energy.
7. A 2009 study by the National Research Council puts the externality costs associated with energy

production & consumption in the US at a staggering $120 billion per annum e and this figure does

not include climate related costs nor the loss of habitat. Further details at Hidden Costs of Energy:

Unpriced Consequences of Energy Production & Use, NAS, Oct 2009

8. Food Inc, a documentary movie nominated for 2010 Academy Awards, describes how multi-

national corporations produce large amounts of “food” at extremely low cost and significant

ecological footprint.
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In $20 per gallon (2009), Christopher Steiner asks what would happen
should oil prices rise to levels far above what we have historically taken for
granted. The short answer is that if gasoline prices were to rise to, say, $20 per
gallon, as the book’s title suggests, nothing will be the same. Habits and
practices that are routine and make perfect sense today become exorbitantly
expensive or outright impractical. Our world, in other words, will turn upside
down under such a scenario.

The short answer to the question “how did we get into this bind?” may be
that our current economic paradigm e which is based on ever increasing
production, consumption and growth e has resulted in an arguably wasteful
and potentially unsustainable consumer-oriented culture. Our economic system
encourages growth and profit on ever increasing scale through globalization of
manufacturing and trade with little regard for sustainability or negative exter-
nalities associated with use of natural resources. The intractable nature of
climate change is a mere manifestation of an economic system that has not put
an appropriate price on emissions of greenhouse gases up to now e and that
may merely be the tip of the iceberg.
WHERE DO GO FROM HERE?

As the following chapters of this book explain, there is no universal
consensus on where we want to e or should e go given where we are and how
we have gotten here. Most, if not all, of the contributors to this book would
probably subscribe to the notion that we need to change, modify or adjust our
ways, our economic paradigm, and/or our lifestyles to get on a more sus-
tainable path:

l Some come to this conclusion by looking at economic or price indicators
while others are compelled by environmental, ecological or ethical issues;

l Some are in favor of gradual approaches while others propose more abrupt
and radical ideas; and

l Some favor that the changes be introduced primarily or exclusively through
price signals and financial incentives within our current economic systems
while others believe that we need to go beyond existing mechanisms by
imposing regulations and/or resorting to strict and mandatory command
and control measures.
HOW CAN WE GET THERE9?

Given the fact that it has taken us a couple of centuries to get to where we are
suggests that it may take an equally long while to get on a different path,
9. Book’s Epilogue reflects on the same issues
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assuming we can agree on which path we need to be on. The current
disagreements on reaching a binding international treaty to combat climate
change is an example of different beliefs on the gravity of the problem, the costs
and benefits of inaction or delayed action, and serious disagreements on what
needs to be done, by whom, at what cost, and when. There is, of course, drastic
differences of opinion on how fast we need to change our ways e driven by
differences of opinion on how much time we have before resource scarcities
and/or ecological catastrophes may confront us10.

The following chapters of this book provide a lively debate on the nature,
scale and seriousness of the problems while offering suggestions, insights and
solutions on how they may be addressed.

As the book’s editor, I have allowed the contributing authors the maximum
flexibility to express their views and perspectives while encouraging them to
support their ideas and conclusions by rigorous analysis and reasoning. This
means that there are disagreements among the contributors on how serious the
problems are and what needs to be done to address them. I believe that the
readers would benefit from such diversity of opinions and perspectives.

SETTING THE CONTEXT

A previous volume titled Electricity Generation in a Carbon Constrained
World (2009) explored the various means of de-carbonizing electricity gener-
ation. That book’s focus was on the electric power sector since, along with
transportation, it is among the most significant emitters of GHGs.

The book examined a wide range of options to reduce the carbon footprint
of the electric power sector, from increased reliance on renewable energy
resources, to more nuclear energy, to carbon capture and sequestration (CCS)
on a massive scale. It also examined energy efficiency e using less energy by
using it wisely and sparingly.

The prior book’s epilogue, which is particularly germane to the present
volume, is repeated below in its entirety:

When I started working on this project (the preceding volume), my genuine
hope and expectation was that by capturing the inherent synergies in the
options and solutions examined by the various contributing experts to this
book, one would be able to claim that the problem of carbon emissions asso-
ciated with electricity generation could be successfully addressed. More-
over, I was convinced that while the electricity sector faces a challenging
transition to a lower carbon future, there were opportunities to become
a part of the solution e rather than remain part of the problem.
10. Moran, for example, refers to studies that examine the relative merits of taking drastic

measures today given what we know vs. waiting a while before deciding. There are advantages and

disadvantages to these alternatives.



xxxiiiIntroduction
Along the way, I was confronted by two surprises and one insight e perhaps
trivial to every one else. The first surprise was that as I learned more about the
scale of the (climate change) problem, I became alarmed about the sheer
immensity of the challenges ahead. The second surprise was that as I studied
the various chapters describing the obstacles and limitations of each tech-
nology or solution (to de-carbonize electricity generation), it began to dawn
on me that the task at hand is more daunting than I had originally imagined.
My personal insight e and I must emphasize that this is not necessarily
shared by the contributors to the book and should not be attributed to anyone
other than myself e is that while a lot can, and should, be done on the elec-
tricity generation side, in all likelihood, these efforts will not be sufficient.
If the goal is to limit concentration of carbon in the atmosphere to, say, 450-
550 parts per million by 2050, as many scientists have suggested, I am now
convinced that we must work equally hard on the demand-side, and that
effort should not be limited to improving the efficiency with which elec-
tricity e or energy e is used but on altering the nature of the way we
work and ultimately examining our values and lifestyles.
The excerpt below from the Preface to the (preceding) book by Wolfgang
Pfaffenberger states the same, but more eloquently:

“As the chapters of this book make clear, we cannot rely entirely on
changes in the supply-side of the equation to reduce the industry’s carbon
footprint. Changes in the demand-side as well as changes in energy
consumption habitse and perhaps more profoundlye lifestyles changes
may ultimately be needed to address the carbon problem.”

The present volume essentially starts where the prior volume ended.
SCOPE AND OUTLINE OF THE BOOK

The preceding discussion illustrates that man’s ingenuity and technological
prowess to deliver vast quantities of fossil fuels at affordablee and declininge
prices over many decades has resulted in an economic system, infrastructure,
lifestyle and habits that assumes the continuation of the same for an indefinite
future. If you believe that the status quo can go on indefinitely with little or no
modifications, no need to bother with the rest of this chapter or the book.

By all accounts, there are ample reserves of oil, natural gas, coal, and
uranium to feed our energy needs for decades to come. Renewable energy
resources are abundant and with improved technology will become more
economic and prevalent. Moreover, energy and resource scarcities will inevi-
tably lead to rising prices, which will in turn lead to adjustments in how and
how much resources are produced and consumed. The system, given enough
time, will self-regulate.

This book is not about doing without or sacrificing high living standards that
many have come to enjoy and take for granted. On the contrary, this book is
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about how more of us, globally speaking, can enjoy adequate living standards
while living in harmony with the environment. This entails using energy wisely,
efficiently and sparingly e perhaps frugally. As further described in Chapter 1,
it asks if we need a tank to kill a fly? Do we need to drag 2 tons of steel to pick
up a carton of milk from the corner grocery store?

This book is about what it takes to keep the beer cold and the shower hot,
using the famous words of Amory Lovins, the acknowledged energy efficiency
guru. But as has been pointed out, keeping the beer cold and the shower hot can
be accomplished by many means and in many ways. The hot shower, for
example, may be provided by absorbing the heat of the sun in a solar hot water
heater, by burning natural gas in a water heater, by absorbing the exhaust heat
from a fossil-fueled power plant, or a variety of other ways. Each option has
certain advantages and disadvantages and entails a different energy/carbon
footprint.

This book explores, not only which option has the lowest energy/carbon
footprint, but asks if we can also install a low-flow showerhead to economize the
amount of water used for the hot shower and emoreover e what does it take to
encourage taking a shorter shower11? If the intent is to enjoy a hot shower with
minimum ecological footprint, amultitude of factorsmust be taken into account.

The book’s chapters are organized into three complimentary parts briefly
outlined below:

Part 1 of the book, challenge of sustainability, examines the fundamental
drivers of energy demand e economic growth, the need for basic energy
services, and the interdependence of economic, political, environmental, social,
equity, legacy and policy issues.

In chapter 1, “Why do we use so much energy, and what for?” Fereidoon
Sioshansi examines what constitutes an adequate standard of living and how
much energy e or more accurately energy services e is required to support
such a lifestyle?

As it turns out, this is not a trivial question. There are many reasons why
different societies and cultures use vastly different amounts of energy e not
entirely explained by differing income levels, climate, population density,
energy intensity or energy prices. Another complicating factor is that vast
amounts of energy are wasted between the primary source and the final desired
end use or application.

The chapter examines how, and how much, energy is currently used to
support our modern lifestyles and suggests that dramatic savings, of the order
of 90+%, may be possible in many applications if we can reorganize how we
go about meeting the ultimate services delivered by energy e with important
11. The chapter by Prindle & Finlinson indicates that the average shower taken by university

residence hall dwellers in the US is 14 minutes. How can we motivate these students to take shorter

showers?
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implications for sustainable energy consumption e the main theme of the
book.

In chapter 2, “Which energy future?” Frank Felder, Clinton Andrews,
and Seth Hulkower examine alternative future scenarios with different
trajectories of population, economic, energy and GHG emissions growth to
2050 and beyond and describe their implications.

The authors point out that given the lasting environmental impacts of energy
production and consumption and the long lead time needed to change the global
energy infrastructure, envisioning future energy possibilities is critical,
although fraught with challenges and uncertainties. The chapter examines two
major countries e China and the US e with significant energy and carbon
footprints e in detail.

The chapter’s conclusions are that energy policy and planning can be
directed at economic development, geopolitical security, environmental
enhancement and public acceptability. Major forecasts of the long-term future
global energy picture will fall short of achieving these four objectives. Any
sizeable improvement over the business as usual scenario requires major
technological advances, changes in attitudes towards the environment, and
substantial world-wide cooperation.

In chapter 3, entitled “Energy ‘need’, desire and wish: anthropological
insights and prospective views,” Françoise Bartiaux, Nathalie Frogneux and
Olivier Servais argue that human energy “needs” do not provide the right basis
for projecting energy demand.

This chapter begins with a deconstruction of the notion of “needs” in
general, and energy “needs,” in particular by recasting energy consumption and
production into sociopolitical components in the context of our common human
condition, a call for social and cultural diversity, the paradigm of climate
justice, and the crucial role of local energy policies.

The chapter’s main conclusions are that individual and tradable carbon
quotas could respect the relative necessity of “needs” as well as the paradox of
the choices to be made for others in the context of global ecological constraints.
A few prospective suggestions are made to make carbon quotas more efficient
in reducing social inequalities about energy “need”, desire and wish.

In chapter 4, “Equity, economic growth and lifestyle,” Niels I. Meyer,
Frede Hvelplund and Jørgen S. Nørgård point out that the current slow pace
of political response to climate change is increasing the risk of passing
a number of critical tipping points despite the fact that many of the required
policy options are within reach.

The authors describe a number of driving forces for this risky development
and analyze the barriers to efficient and timely action. These include addressing
population growth, lack of equity between and among nations, vested interests
and a socio-economic system with priorities other than sustainability.

The chapter presents a number of policy proposals that may support
sustainable development before it is too late. This includes alternative concepts
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concerning employment, balance between state and market, and alternative
priorities in our socio-economic systems and cultures exemplified by selected
case studies.

In chapter 5, “Why we can’t have our cake and eat it too”, Ted Trainer
argues that underlying the current debate on climate change is the fundamental
assumption that the problem can be solved within our current socio-economic
system while maintaining continued growth, affluent lifestyles and acquisitive
consumer-oriented culture. The chapter casts doubt on this premise and
explains why sustainability is fundamentally inconsistent with today’s
consumer-capitalistic system and values e a rather sobering message and
a minority view, but one that cannot be ignored or dismissed.

The author points out that the true magnitude and seriousness of the global
climate predicament facing humankind is not widely recognized and that
levels of production and consumption in rich countries are far beyond those
that are sustainable for long or could be extended to those in developing
countries. Sustainability, it is argued, requires significant reductions in
consumption of natural resources, which cannot be achieved by technical or
legislative means alone.

The chapter concludes that renewable energy resources cannot indefinitely
sustain the current affluent lifestyles and historical economic growth rates. The
salvation has to be a transition to a simpler lifestyle based on frugality, mostly
small and highly self-sufficient local economies and very different values.

In chapter 6, “Will there be the will and the means?” Carlo Andrea Bollino
and Paolo Polinori explain how we can have our cake and eat it too, namely
how we can achieve sustainability while maintaining high standards of livinge
not just for the rich but for the developing world e in stark contrast to the
preceding chapter and the one that follows. The chapter argues that it is difficult
to find solutions to address climate change, not because the costs are excessive,
but because there is lack of international cooperation. From a macro-economic
perspective, the size of required sacrifice is comparable with past periods of
large-scale investment.

Pointing to historical precedentse e.g., the Marshall Plan after WWIIe the
authors argue that we can rely on existing technical, legal, regulatory e and
most importantly e financial incentives and economic price signals e to make
the necessary transition to a sustainable future. The transition may not be
painless or cheap and it will take time, but is feasible, provided there is the
political will to justify the means.

The chapter concludes that there is no need for measures which are
more severe than what was done in the past. The political problem of coordi-
nation e as exemplified by the failure of Copenhagen e can be solved by
a combination of standard tax and credible punishment measures.

In chapter 7, “Is it possible to have it both ways?” AlanMoran explores the
implications of emission limits estimated to be necessary to limit global
temperature rises while maintaining high living standards in rich countries and
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without impinging on rapid economic growth in developing countries. It takes
a rather different perspective on the question of whether we can have our cake
and eat it to, addressed in the two preceding chapters.

The chapter is based on the concept of resource scarcity. When resources
become scarce, this results in higher prices, which lead to conservation of these
resources as well as a search for more of them and for their substitutes. It
examines the means of imposing a global carbon limit; the economic, social,
and political implications of attempting to force marked reductions in emission
levels in developed countries and preventing increases in the developing world;
and what technological measures could emerge to deliver the reduction levels
said to be required and how likely are these developments to be forthcoming.

The author concludes that fossil fuel energy has been basic to creating
a world that supports more people than ever with a degree of affluence, even for
the poorest, that far exceeds any previous levels. He points out that peer
reviewed economic analyses of the costs of global warming range from
a positive one to a negative 2.5 per cent in the context of a per capita growth of
66 percent even in highly developed countries. He argues that markedly
reducing greenhouse gases on our present knowledge base, would require
a very high price for energy with unknown, but almost certainly highly adverse,
consequences for world income levels.

In chapter 8, “Efficiency first: Designing markets to save energy, and the
planet,” Noah Long, Pierre Bull and Nick Zigelbaum discuss successful
policies to advance energy efficiency in buildings, appliances and utilities.

The policies are categorized into three areas: minimum performance stan-
dards, removing market barriers to efficiency and cost effective incentives to
achieve high levels of efficiency in buildings, appliances and within the utility
sector. The policies focus on realigning market incentives, removing barriers to
promote innovation, reward successful technologies and practices that reduce
energy use while meeting energy service demands.

The chapter concludes that appropriate policy drivers can and should be
seen as an engine for improving energy efficiency and reducing the societal cost
of energy services.

Part 2 of the book, technological solutions, examines how energy can be
used smartly, judiciously, sparingly and frugally to support the basic energy
service needs of homes, commercial and industrial facilities and for other
applications. As it turns out, enabling technology is often necessary but not
sufficient to deliver the desired outcomes.

In chapter 9, “Getting to Zero: Green Building and Net Zero Energy
Homes,” Meredith Gray and Jay Zarnikau examine how energy is currently
used within the household sector and how current uses can be altered/modified
over time to achieve drastic reductions in energy consumption.

The authors examine the concept of the net zero energy home of the future
and ways to reduce carbon footprint of typical household. Also included are an
examination of behavioral issues and enabling technologies that provide the
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means and the motivations for improved energy use. Green building efforts,
such as the LEED certification, are discussed to determine if an effective
standard exists. The discussion ties in with the chapter that follows on smart
grid technologies and a related chapter under the case studies.

The chapter concludes that energy usage in households can be reduced by
one-quarter to one-half using existing commercially available technologies
and practices. Green taxes, higher energy prices and consumer behavior
modification through educational campaigns are considered viable options.
Significant savings can be achieved in lighting, refrigeration and by inte-
grating in-home sources and uses of heat. Key barriers include cost, longevity
of the building stock, and lack of credible information. Ultimately, net zero
energy homes are possible with upgrades, regulation, and consumer behav-
ioral shifts.

In chapter 10, “Beyond the meter: Enabling better home energy manage-
ment,” Karen Ehrhardt-Martinez, John A. “Skip” Laitner and Kat A.
Donnelly look beyond the utility-based benefits of new smart grid technologies
and smart meters to identify how households, individuals and communities can
empower themselves, reshape current energy consumption patterns, and
reconfigure energy production systems.

The authors examine existing patterns of household energy consumption as
well as the potential role of advanced metering technologies, in-home display
devices, and behavior-savvy feedback programs for informing and motivating
better energy practices and reducing energy consumption. The chapter illus-
trates the range of new feedback technologies from web-based initiatives to
real-time in home displays that can provide consumers with appliance-specific
energy consumption data and documents past feedback studies that have ach-
ieved savings of 4 to 12%.

Based on an assessment of the specific energy savings attributable to
distinct feedback mechanisms and important behavioral changes that people
have reported making in their habits, lifestyles and choices, the authors
conclude with estimates of the potential economy-wide energy savings that
well-designed, behavior-savvy feedback programs could achieve.

In chapter 11, “How Organizations Can Drive Behavior-Based Energy
Efficiency,” William Prindle and Scott Finlinson examine current energy
performance trends, benchmarks in commercial and organizational settings and
how behavior-based energy efficiency strategies can change performance in the
commercial sector.

The chapter examines best-practice energy management programs in
corporations, universities and other organizations and shows how organiza-
tional-level behavior is necessary to create the framework for a future of zero-
net-energy performance.

The authors conclude that by combining information systems, motiva-
tion systems, organizational culture, and technology solutions into effi-
ciency programs leading organizations can go far beyond conventional
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technology-based results. The outcome is substantial reductions in energy
consumption, leading to wider and deeper innovations in energy and other
resource use.

In chapter 12, “Reinventing industrial energy use in a resource-constrained
world,” Marilyn Brown, Rodrigo Cortes and Matthew Cox point out that in
an increasingly competitive and carbon-constrained world, improving the
energy efficiency of industry is essential for maintaining its viability, especially
as energy-intensive manufacturing shifts to developing countries.

The chapter examines the energy productivity of US industry and shortfalls
in adopting energy-efficient and low-carbon technologies and fuels. It surveys
the advanced engineering, materials, and information technology concepts that
could transform industrial processes. The authors also focus on the key role of
industry as a technology innovator, supplying the economy with next-genera-
tion energy technologies.

The chapter concludes that we need a new vision of industry e factories-
of-the-future with minimal resource requirements, that clean up our ecosys-
tems, contribute to human health, produce valuable goods, and improve stan-
dards of living.

In chapter 13, “Prospects for renewable energy,” Douglas Arent, Paul
Denholm, Eason Drury, Rachel Gelman, Chuck Kutscher, Margaret
Mann, Mark Mehos and Alison Wise cover the broad range of renewable
energy resources, their technical potential, long-term prospects, and challenges,
in meeting a growing percentage of world’s energy needs.

The chapter examines the technical, economic and policy issues affecting
future investment in renewable energy resources and barriers that may impede
their penetration. With double-digit growth rates experienced in the recent past
due to rapid technology advancement and mass production, some renewable
technologies are cost competitive and rapidly gaining market share.

The authors conclude that continued technological progress, economies of
scale and strong policy support will make renewable energy an increasingly
attractive alternative to traditional fossil fuels. In this context, it is not unre-
alistic to envision a scenario for a distant future where renewables may provide
as much as 80% of US energy needs – assuming that a number of significant
obstacles can be overcome.

In chapter 14, “Future of heating when little heating is needed,” Christoph
Weber and Klaas Bauermann examine energy demand for space heating in
a future where buildings are much better insulated and heating technologies are
significantly more efficiente requiring little heatinge including an assessment
of the implications for traditional providers of district heating, popular in parts
of Europe.

The chapter provides an overview of building energy use, primarily
focusing on heating, and why future developments in this area are crucial to
meeting energy reduction goals, especially in colder climates. Using Germany
as a case study, options to reduce buildings’ heating load are examined.
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The chapter concludes that the energy saving potential of the built envi-
ronment is huge. High standard for new construction and regulations mandating
improved insulation of the existing building stock, respectively, are the logical
first step. Additionally, substitution of the current heating systems with more
efficient varieties is far more effective. As heating systems become more
efficient and buildings become better insulated, providers of district heating
must rethink their core business strategies.

Part 3 of the book, case studies, covers a number of innovative projects,
initiatives, concepts or self-imposed targets in different parts of the world with
the aim of significantly reducing energy use and carbon footprint of a company,
a community, a city or an entire country. Following the failure of the UN-
sponsored conference in Copenhagen in Dec 2009, many experts believe that
such self-imposed initiatives, supported by local communities or through
corporate leadership or philanthropies may pave the way for meeting more
concrete and binding global targets.

In chapter 15, “Why China matters,” Bram Buijs points out that given the
size and rapid development of China, its future and the future of the globe are
increasingly intertwined, especially when it comes to the fate of climate change
and future global sustainability.

The chapter examines China’s current coal-based energy system and energy
policy and outlines the key obstacles that the country faces in attempting to
decouple its economic development from growth in energy demand and carbon
emissions.

The author concludes that China offers huge mitigation opportunities, as it
is still in the midst of massive infrastructure development. However, an analysis
of alternative growth scenarios suggests that even with more ambitious policies
it will be extremely challenging to reconcile China’s growing energy demand
with desired global emission reduction objectives.

In chapter 16, “Swiss 2,000-Watt Society: A sustainable energy vision for
the future,” Roland Stulz, Stephan Tanner and René Sigg provide a vision of
future where sustainability and high standard of living may co-exist on
a meager energy diet and carbon footprint.

The authors describe the concept of Swiss 2000-Watt Society from its inception
to adoption by cities of Basel and Zurich and provide an update. The chapter
highlights the lessons learned so far and the remaining challenges while specula-
ting on the implications of wide-scale adoption of similar concepts elsewhere and
its potential impact on quality of life and sustainability on a global scale.

The chapter concludes that sharing and communicating a common long-
term sustainable energy vision, such as the Swiss 2,000 Watt concept, helps
focus research and implementation for the challenges we face and can gain
public and political buy in, as demonstrated by the referendum in the City of
Zurich in the fall of 2008.

In chapter 17, “Zeroing in on Zero Net Energy,” Nicholas Rajkovich,
William Miller and Anna M. LaRue discuss a goal in California to achieve
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ZNE in residential buildings by the year 2020, commercial buildings by 2030.
The chapter ties with the discussion by Gray and Zarnikau as well as the
Clymer on the same topic.

Under the auspices of the California Public Utility Commission, the
California investor owned utilities have proposed a series of energy efficiency
programs to put the state on a path to ZNE. The authors provide a brief history
of energy efficiency in California, describe how the ZNE goal was adopted by
the regulators and the utilities, and discuss how one utility, Pacific Gas &
Electric Company, is positioning itself to achieve it.

The authors point out that as the utilities and regulators have reviewed the
program plans, it has become apparent that existing regulatory frameworks may
actually impede the state’s progress toward reaching the ZNE goal. Under-
standing some of these issues are important as other jurisdictions nationally and
internationally consider similar attempts to achieve ZNE.

In chapter 18, “Towards carbon neutrality: The case of the City of Austin,
Texas,” Jennifer Clymer explains why and, more importantly, how the city of
Austin, Texas, is striving to drastically reduce its carbon footprint.

The author describes Austin’s Climate Protection Plan, a voluntary program
to make Austin’s municipal operations carbon-neutral by 2020; de-carbonize
the energy provided by the municipally owned electric utility; increase the
energy efficiency of the city’s buildings through code changes and expanded
voluntary conservation programs; and lower the community’s collective carbon
footprint through stakeholder involvement and education. The chapter provides
a summary of Austin’s progress to date, a comparison to other U.S. cities’
climate action plans, and an assessment of key lessons learned.

The chapter concludes with a forward-looking view of a world in which all
cities achieve, or beat, Austin’s goal of carbon neutrality.

In chapter 19, “Rising to the challenge of sustainability,” Benjamin
Sovacool examines three case studies where communities and corporations are
planning to or have successfully reduced their energy usage and greenhouse gas
emissions. The Clinton Climate Initiative illustrates how NGOs can bring the
industry, the public sector and financiers together to help cities improve energy
efficiency. The Motorola case study shows how the telecommunications giant
has aggressively curtailed its GHG emissions while reducing its energy costs.
Masdar City is a carbon-neutral, zero-waste, 100% renewable energy economic
zone being built in UAE.

The author points out that while each case study has confronted its own
unique challenges, adequate living standards can be attained with the right mix
of policies, technologies, and commitment.

In the book’s epilogue, “How can we get there from here,” Fereidoon
Sioshansi summarizes the collective insights gained from the preceding
chapters.
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1. INTRODUCTION

When asked if he wanted India to attain a living standard similar to that enjoyed
by Britain, Gandhi reportedly replieddI am not sure about his exact
wordsdthat Britain had attained its high standard of living by exploiting the
resources of half the world, a reference to its colonies. He then asked, “How
many worlds do you think India will need to reach a similar living standard?”1

To be sure, a significant portion of India’s population enjoys much higher
living standards today and we have not run out of natural resources yet. One can
also excuse Gandhi’s politically loaded response in the context of British
colonial policies during India’s long struggle for independence. But his
observation about our ever-increasing reliance on finite natural resources to
provide a decent standard of living for people of Indiador for that matter, the
worlddis as relevant today as when he made the statement. Moreover,
Gandhi’s remarkable remark goes to the core of the central question for this book,
namely can we maintain an adequate standard of living in a sustainable fashion
for the world’s growing populationdnot just for the rich and the privileged?

1. Another colorful quote attributed to Gandhi, mentioned by Bartiaux et al. in this book’s

Chapter 3, is “Live simply so others can simply live.”

Energy, Sustainability and the Environment.
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As further explored in the following chapters, different scholars come up
with different answers to Gandhi’s question. Some believe that continued
technological advances will allow us to meet the ever-increasing demands of
a growing population (Figure 1), no problem. Others, while acknowledging the
significant role of technological fixes, are not so sure.

Aside from long-term sustainability is the concern for the lack of equity and
fairness in the current distribution and use of resources. Today, we live in
a world where an estimated one-third of the global grain harvest is used to feed
the animals that produce the meat that is consumed by the rich, while millions
of people in less fortunate circumstances struggle to feed themselves, lack
clean water, electricity, or other basic necessities.2

It is in this context that this chapter, and those that follow, explore a number
of critical issues affecting the future course of human evolution on planet
Earthdalthough this book does not claim to be the only one with such a grand
agenda, nor does it claim to have the answers.

This chapter, benefiting from the insights of the others and referring to them
selectively, is organized as follows:

l Section 2 asks why we use so much energy.3

l Section 3 briefly examines what we use energy for.
l Section 4 asks what constitutes an adequate standard of living and how

much energy we need to maintain it.
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FIGURE 1 World population projection to 2050. Source: US Census Bureau

2. For further discussion of inequities, see Chapter 5. The current head of the Inter-governmental

Panel on Climate Change (IPCC), Dr. Ravindra Pachauri, a vegetarian, has proposed that rich

countries should consider going meatless for one day per week as a way to reduce human impact

on the environment.

3. This, of course, applies to rich countries where a lot of energy is used on a per capita basis.
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l Section 5 examines alternative lifestyles, habits, and socio-economic
systems that might provide equally satisfyingdor potentially superiord
standards of living on a fraction of our current levels of energy con-
sumptionda recurring theme in the book.

l Section 6 asks what would it takedin terms of technological improvements,
changes in policies, socio-economic systems, regulations, education,
cultural, and behavioral adjustmentsdto lead us toward a more sustainable
future path.

This chapter, and the book, is primarily focused on energy use and its environ-
mental consequences, but one can easily substitute the term natural resources for
energy. By the same token, many chapters in the book address greenhouse gas
(GHG) emissions associated with burning of fossil fuels (Figure 2) and resource
depletion issuesdvisible symptoms of our current unsustainable practices.

The chapter’s main contribution is to encourage a fundamental search for
alternatives to the status quo by asking questions such as, why can’t things be
radically different in the future than they have been in the past? Or, why can’t
we accomplish far more with far less?

2. WHY DO WE USE SO MUCH ENERGY?

The short answer is that up to now energy has been relatively cheap and
seemingly plentiful and few were concerned about climate change, sustain-
ability, or equity issues (Figure 3).

Economic theory predicts that, all else being equal, one would use more of
one critical input in the production process if it were inexpensive relative to
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others. If energy were cheap relative to labor and capitaldtypical variables in the
production processdthe rational user would substitute more energy while
cutting back on labor and/or capital. This has been a recurring pattern since the
beginning of the industrial revolution, as illustrated in the following anecdotes:

l The longevity of the notoriously inefficient incandescent light bulb, virtu-
ally unchanged since Thomas Edison invented it a century ago, provides
a manifestation of this phenomenon. These bulbs typically waste over
90% of the energy in the form of unwanted heat,4 converting less than
10% of the energy into useful light. Yet the incandescent light bulb is still
in widespread use because electricity has traditionally been relatively
cheap, subsidized, or inappropriately priced.5

l Until recently, computer makers paid scant attention to energy use, focusing
exclusively on other features such as speed, capacity, and other product
attributes. All that was needed to get rid of the generated heat was a bigger
fandor in the case of large main-frame computers, more air-conditio-
ningdat the expense of the users, not the manufacturers.6 It was not until
portable computers became popular that computer makers began to pay
serious attention to power consumption, primarily driven by limited
capacity of batteries, especially in early years.

Mostly fossil-based and finite
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4. The wasted heat, of course, is appreciated in colder climates as a useful by-product of light.

5. As explained by Long et al. in Chapter 8 of this book, even today, private utilities in many parts

of the world have perverse incentives to sell more, rather than lessdwhich means they have little

or no interest in encouraging energy conservation.

6. This is among a number of the market failures or barriers to energy efficiency often mentioned

in the literature, including Long et al. (Chapter 8).
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l Detroit’s big three carmakers, all suffering financially today, for decades
paid virtually no attention to fuel economy, focusing entirely on other
featuresdincluding making progressively bigger, heavier, and more gas-
guzzling models.

l Planes, trains, buses, trucks, shipsdand virtually all other major energy
consuming devicesdwere and still are designed and marketed on features
other than energy efficiency, be it speed, capacity, range, performance,
longevity, maintenance, and most important, initial price tag. If a plane’s
initial price is less than a rival model or if has a longer range, that becomes
the main selling pointdnot its fuel consumption, which often dwarfs the
initial price tag. Fuel consumption has become a selling point only in recent
times due to rising fuel prices and concerns about pending regulations (see
“What Happens When Fuel Is Cheap and Emissions Are Free” sidebar).

What Happens When Fuel Is Cheap and Emissions Are Free?

It was recently reported that commercial transatlantic flights can reduce their fuel

consumption by roughly 2% by making trivial modifications in operating proce-

dures such as flying at optimal altitudes for maximum efficiency rather than arbi-

trary altitudes set by air traffic controllers. This requires no technological

improvements and virtually no investment, in other words zero pain, 2% gain.

Given the current traffic levels in the key transatlantic marketd100,000 one-

way flights annually, each one on average using 25 metric tons of fuelda 2% saving

adds up quickly. Similar savings can be had on other routes and other markets. Less

fuel burned means less GHG emissions, which are especially damaging when

released at high altitudes. The question is why such trivial measures were not

explored until now?

The answer is that airlines began to pay serious attention to their fuel

consumption only after recent rises in the cost of jet fuel, beginning in 2008 when

oil prices approached nearly $150 per barrel for the first time. They became even

more interested in fuel consumption only after the European Commission began

talking about putting restrictions on GHG emissions associated with air trans-

portation, believed to represent roughly 3% of global GHG emissions.

Two observations:

l First, if energy costs are a trivial part of the overall cost of a business, they get

scant attention.

l Second, regulationsdor the mere threat of regulationsdare usually needed to

prompt the industry to take corrective measures.

As further explored in chapters of this book, the implications of this example are

twofold.

l First, prices must reflect the true and full costs. To the extent that they do not

capture externality costsdin this example GHG emissions associated with

planes at high altitudesdthey lead to suboptimal outcomes.

(Continued)
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As these examples illustrate, the pattern is pervasive.7 It is not limited to
a few products, few industries, or a few countries. Even today, manufacturers of
most consumer products focus almost exclusively on minimizing the initial
price of the finished productdusing material and designs that reduce
manufacturing costs even when this increases life cycle energy consumption
since these costs are borne by consumers.8 This raises important questions
about whether and how to protect consumers who may not necessarily be well-
informed and/or sufficiently motivated to compare initial purchase price of
a product to its lifelong energy consumption costs.9

Over time, the illusion of cheap and seemingly abundant energy10 has instilled
wasteful habits in many of usdand these habits have permeated throughout our
lives, lifestyles, livelihood, infrastructure, and institutions to the pointwerewe are
no longer even aware of them. People in rich countries have acquired energy-
thirsty lifestyles including long commutes to work, for example. In many cases,
prevailing customs, social norms, and even our tax codes actually favor increased
consumption11 (see “Do You Want to Start a Revolution” sidebar).

And because energy has historically been cheap and seemingly plentiful, no
one thinks twice about traveling to a distant city for a sales call or a weekend
skiing holiday. Dubai boasts a giant indoor ski resort, which is kept at freezing
temperatures in a hot climate, not to mention the glittering lights of Las Vegas
and numerous other examples of gluttonous and wasteful energy use. How can

What Happens When Fuel Is Cheap and Emissions Are Free?dcont’d

l Second, regulations, standards, and policy imperatives are often needed to

correct market imperfections, which are typically driven by short-term profit

motives. The question of how much regulation and how intrusive it should

be, however, is not as trivial as it may seem.

Source: Atlantic Interoperability Initiative to Reduce Emissions (AIRE), reported in The Wall Street
Journal, 10 March 2010.

7. In Chapter 4, Meyer et al. illustrate a few examples of tax codes and prevailing laws that

encourage more consumption, rather than conservation.

8. As several chapters in this book point out, there are a number of persistent obstacles that prevent

the optimal choice of investments in favor of lowest up-front costs as opposed to life-cycle costs,

including energy costs over the long life of appliances, buildings, cars, and other devices.

9. This leads to philosophical and ideological arguments on whether consumers in fact need

protection in the form of minimum energy efficiency standards and/or energy efficiency labeling or

should we leave it to buyers to rely on their own wits and motivations.

10. Chapter 10, by Ehrhardt-Martinez et al., refers to this phenomenon.

11. Meyer et al. (Chapter 4) provide examples of tax codes and pricing tariffs that encourage

consumption.
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anyone seriously begin to discuss energy efficiency in Las Vegas, Abu Dhabi,
or Houston?

The rapidly growing ranks of the well-off of the world can afford their huge
carbon-footprint because energy is a small percentage of their disposable
income. The popularity of SUVs, second holiday homes, and remote resorts in
exotic places are symptoms of the energy glut supported through hidden
subsidies, convoluted tax laws, and other perverse incentives that encourage
consumption as opposed to conservation.

Making matters worse, in many countries, energy continues to be heavily
subsidized, resulting in excessive consumption (see “Promoting Wasteful
Consumption Through Energy Subsidies” sidebar). Is it any surprise that citi-
zens of many oil-rich countries in the Persian Gulf, who enjoy subsidized petrol
at below market prices aimlessly roam around in gas-guzzling SUVs without
a second thought (Figure 4)? The same is true of other precious necessities,

Do You Want to Start a Revolution?

During a recent trip to Germany, I was picked up by a friend in a Mercedes Benz.

I could not resist congratulating him on owning such a fine car. He confessed that it

was a company car. Further questioning revealed that he commuted a long distance

from home towork, and beyond, on a daily basis. When asked about the cost of gas,

parking, and maintenance, he said everything was covered by his employer. Why

bother with public transportation, he implied?

Noticing how puzzled I was, he explained that his case was not unique, that

thousands of German mid- to top-level managers enjoy similar corporate benefits,

the higher the rank, the more prestigious the car. In fact, he said many of his

colleagues would prefer a fancier car to higher pay. More than your salary or title,

the brand of the car and the size of the engine determines your ranking and status

within the company, he explained. And, of course, the same goes for the location of

the assigned parking space in the corporate garage.

When I pointed out that this encourages more driving, more traffic congestion,

more gas consumption, more pollutiondall negative externalities associated with

driving carsdhe looked at me as if I had come fromMars. He asked, “What are you

trying to do, start a revolution?” More company cars, he explained, means more

jobs for the likes of Mercedes Benz and the entire value chain that produces the

parts and components. Driving cars generates additional jobs for the petrol industry,

for road construction and maintenance, not to mention generating tax revenues to

pay for other services. Plus all the other positive benefitsdjobs for the tire industry,

car service industry, insurance industry, and so on.

This, and numerous examples like this, shows the pervasive consumption and

production culture we live in. My conversation with my friend made me aware of

the myriad customs and conventions that lead to more consumption, because it

creates demand for more production, and that is what keeps the economic engine

movingdbut to what end?
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notably water and food, which are subsidized in many parts of the world,
resulting in excessive waste and inappropriate use.12

Surprisingly, energy subsidies are not limited to developing countries with
vast domestic energy resources. Many net importers of energy (e.g., India and
China) subsidize energy prices, in some cases literally bankrupting their
economies in the process (e.g., Iran and Venezuela) while others are projected
to become net importers of oil at current growth rates (e.g., Malaysia and
Egypt). The total amount of subsidies outside the Organisation for Economic
Co-operation and Development (OECD) countries is estimated at a staggering
$310 billion a year.

Nor is the practice limited to developing countries. The U.S. fossil fuel
industrydoil, gas, and coaldreportedly received $72billion in subsidies between
2002 and 2008, according to the Environmental Law Institute. The nuclear
industry gets significant subsidies alsodno one can be sure exactly how much.
More recently, renewable energy resources have been receiving subsidies. Their
proponents consider these more deserving than subsidies given to fossil fuels on
environmental grounds as well as for energy security and fuel diversity reasons.

We not only use a lot of energy but we also waste a lot of it unnecessarily.
According to one estimate, as much as a third of energy used in the U.S.
commercial sector may be unnecessarily consumed or wasted.13 And this
explains why much of our infrastructure is poorly designed, our cities and urban
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FIGURE 4 Source: Searching for a Miracle based on EIA data

12. For a discussion of what is an appropriate price, refer to Sioshansi, F. (2010). What is the right

price? In D. Reeves (Ed.), Current Affairs e Perspectives on Electricity Policy for Ontario.

University of Toronto Press.

13. Estimate from U.S. Environmental Protection Agency (EPA) reported in The Wall Street

Journal, “Encouraging Business to Turn Off the Lights,” 27 April 2010.
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Promoting Wasteful Consumption Through Energy Subsidies

Energy subsidies, if they ever made sense, were justified on the grounds that they

help the poor. And some forms of subsidy, say for bread or mass transit, could

conceivably be justified in some cases and they may in fact help the poor. But

energy price subsidies hardly ever qualify.

Since themiddle class and the rich use farmore energy than the poordthey drive

bigger cars, own bigger homes, have bigger air conditioners, fly more often, and so

ondthey benefit disproportionately from energy price subsidies, be it petrol prices,

electricity, or natural gas. It is hard to imagine the opposite. In this sense, energy price

subsidies are among the most distasteful forms of regressive tax imaginable.

But that is not the end of it. Artificially subsidized energy prices encourage

increased consumption, which runs counter to the goal of encouraging energy

conservation and more efficient energy utilization. Subsidies also empty govern-

ment coffers, money that could be put to better use elsewhere.

And of course, more consumption results in more carbon emissions. At the G20

Summit in Pittsburgh in 2009, leaders of the 19 biggest economies plus the European

Union agreed tophase out energyprice subsidies inmedium term, at least in principle.

This is expected to result in a 10% drop in global GHG emissions by 2050.
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centers have turned into endless sprawls, and our personal habits and lifestyles
have become energy intensive.

Another issue, of course, is not just how much energy but what kind of
energy? As several chapters in the book explain, for a long list of reasons, we
have become overly dependent on fossil fuels, with significant implications for
the environment.14

3. WHAT DO WE USE ENERGY FOR?

The short answer is that we use energy to derive needed services.
A lump of coal, a barrel of oil, a kilowatt-hour of electricity, or a cubic feet

of natural gas are only valued because they can heat a furnace, run a car, allow
us to watch TV, or fry an egg, respectively. This is referred to as energy
services; we need the services provided by energy, not the energy source itself.
The petrol in the car tank contains refined and concentrated energy that allows
us to drive a long distance without refueling and that provides a highly valued
service: mobility. The kilowatt-hours that keep the lights on, allow us to listen
to music, or access the Internet, provide lighting, entertainment, and connec-
tivity, respectivelydservices we greatly value and desire.

Even though the concept of energy services gets us one step closer to
answering the question, “What do we use energy for?”, it only goes so far. For
example, consider the need for mobility. Depending on the distance and the
allotted time, there are many ways to get from point A to point B with
significant cost, energy, and carbon implications. Assuming a modest distance,
one can bicycle, walk, take a bus, share a ride, or drive a private car. In this case,
the choices are listed in terms of increased levels of energy consumption. There
are, of course, other important attributes associated with these choices, notably
time, comfort, safety, style,15 and so on.

To make the example more complicated, the car can be large and heavy or
small and light requiring different amounts of energy to provide virtually the
same service. Depending on the value placed on energy, time, convenience, and
other factorsdperhaps it is cold, hot, or rainingdone option may turn out to be
superior to one person while another suits a second.

The ultimate choice of what is the best way to get from A to B, however, can
be influenced by many factors. For example:

l If a free shuttle bus runs frequently between point A and B, many may be
persuaded to take the bus.

14. Arent et al. describe the prospects for low-carbon renewable energy resources in Chapter 13 of

this book.

15. In Chapter 6 of this book, Bollino et al. refer to the significance of positional goods and the

element of style and prestige associated with many personal consumption decisions. For example,

if driving a private car is perceived as superior to riding a bike or taking public transit, this may

influence the ultimate choice.
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l Having safe designated bicycle lanes between A and B and parking racks at
both ends may persuade some people to ride the bike.16

l Availability and price of parking is often a significant determinant of choice.
If parking is scarce and expensive, other options become more attractive.17

l Road congestion is often an important factor. Some countries offer multiple-
occupancy lanes, allowing cars with two or more riders to use specially
designated lanes as a way to promote high occupancy in private cars.18

l A pleasant pedestrian walkway between A and B may encourage more
people to consider walking relatively short distances, especially in con-
gested urban areas.

l Prices, including fuel tax, bus fare, and parking fees, and also road access
restrictions will influence the choice.19

Why dwell on such a trivial example? The point is that urban planners and
governments can influence the final choice of travel mode, say, away from
private cars to other options with multiple benefits including less congestion,
less energy consumption, less pollution, and less space allocated to roads and
car parking, leaving more to city parks and open space. Many cities are
promoting improved mobility and access, and less congestion and pollution, by
increasing urban density through better planning.20

Private cars, considered by many as the ultimate epitome of comfort,
personal convenience, and flexibility will be hard to replace by buses, bikes, or
other means of transportation, but much can be done to reduce their energy
consumption and emissionsdthe most troubling source of pollution in urban
areas.21 The good news is that today’s cars, like incandescent light bulbs, are
energy guzzling monsters compared to what they can become.

Depending on many variables, today roughly 90% of the energy content of
the fuel in a typical internal combustion (IC) engine car may be wasted as

16. Some cities are experimenting with offering free public bicycles that people can take from one

point to another and leave at designated racks for others to use. Others have devised inexpensive

bike rental systems where users can pay by the hour using a credit or debit card.

17. In Chapter 19 of this book, Sovacool provides an example where city planners can essentially

ration use of private cars in city centers by making parking scarce and expensive. Residents of big

congested cities such as New York, London, or Tokyo are better off without a private car for lack

of parking and congestion of inner-city traffic.

18. The city of Bogota in Colombia has specially designated lanes for express buses that whisk

passengers around while traffic snarls force private cars to sit and wait in endless traffic jams.

19. A few cities, including London, Stockholm, and Singapore, have introduced access charges

within the central business district (CBD) while others ban private vehicles from certain areas

altogether.

20. Car-obsessed California has recently introduced measures to meet its ambitious climate change

target that requires statewide emissions to be reduced to 1990 levels by 2020.

21. In Chapter 7 of this book, Moran provides counter-arguments in describing evolving traffic

patterns in urban centers.
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heatdnot delivered as mobility. One cursory look at an IC engine reveals the
ingenious engineering that goes into capturing and disposing of enormous
quantities of heat into the atmosphere via the radiator, the hoses, and the fans.
By comparison, an electrical engine uses roughly 90% of the energy to provide
mobility with no emissions at the point of usedwhich explains the current
interest in electric and hybrid vehicles.22

The most energy frugal, zero congestion, zero emission mobility option, of
course, is to avoid the need for physically going from point A to B altogether.
Perhaps we can conduct the required business on the phone or by accessing the
Internet or by sending a text message. Examples include remote banking,
remote shopping, and telecommuting. An increasing number of people now
routinely work from a home-based office or telecommute,23 with considerable
implications for energy use and GHG emissions while saving time and avoiding
the stress of daily commuting.24

Figure 5 provides some clues to the question of what we use so much energy
for. The mobility example above can be repeated in countless other contexts.
Take the case of lighting, a significant contributor to energy use in both
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22. Of course, one must consider the energy and pollution to generate the electricity that is stored

in car batteries and their associated conversion losses.

23. According to one estimate, the percentage may be as high as 20% in the U.S.

24. Of course, as usual, there is no free lunch. In this case, Internet service providers and data

centers consume energy to maintain the infrastructure, but the net energy savings is still substantial

relative to the alternatives.
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residential and commercial sectors.25 In many cases, artificial lighting can be
significantly reduced by increased reliance on natural lighting during daylight
hours. This, of course, requires better design, building orientation, windows,
shades, and other means to adjust interior lighting without increasing the
buildings’ heating load.

Artificial lighting can be provided bymore or less efficient lights and lighting
fixtures. For example compact fluorescent lights (CFLs) use a quarter of energy
per lumen than traditional incandescent light bulbs. And light emitting diodes
(LEDs) offer even more drastic energy savingsdalbeit at a cost.

But the cost is not fixed. It can be influenced by supportive policy measures,
standards, and regulations. CFLs used to be pricey and their performance and
light quality was poor when first introduced.26 CFL prices have plummeted in
the recent past as a mass market has evolved, and prices continue to decline
while quality and performance improves.27 The same can hopefully be said
about LEDs, and the next generation of super-efficient lighting technologies
and fixtures.

Moreover, there is more attention devoted to how the artificial light is
directed to where it is needed. Directional lighting and more efficient lighting
fixtures deliver a large percentage of the light to where it is needed, which
means little energy is wasted to illuminate space that does not need the lumens.
The savings from such simple applications, aggregated over a large population
of users, can be enormous.

There is, of course, an extremely low-tech, zero-cost option to cut down
energy used for lighting to zero, a parallel to the case of telecommutingdthe
option that literally negates the need for mobility in the prior example. It
is turning off the lights when not needed, or not turning them on in the first place.

Other examples of “What do we use so much energy for?” can come from
the commercial and industrial sector.28 In many commercial establishments,
huge amounts of energy are wasted; for example, the air conditioners work
overtime to keep the premises cool while doors and windows remain open. In
many restaurants, the oven and various heating devices used to cook food
generate enormous amounts of heat that the air conditioner and the circulation
system have to get rid of. Better, more integrated designs can overcome many
of these types of wasteful energy consumption or recycle the wasted heat into
a useful application.

25. Refer to this book’s Chapter 9 by Gray and Zarnikau and Chapter 11 by Prindle and Finlinson

for further discussion of residential and commercial energy use.

26. California’s three investor-owned utilities, with the support of state regulators, have sold over

95 million CFLs at subsidized prices to consumers, roughly three per capita.

27. A number of countries in Europe as well as Australia have banned the use of incandescent

lights altogether, further increasing the demand for CFLs.

28. Refer to Brown et al. (Chapter 12) for a discussion of energy efficiency opportunities in the

industrial sector.
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The commercial sector, which captures everything that is not residential,
industrial, or agricultural, poses special challenges when it comes to energy use
because the typical users/occupants do not generally pay for the energy
consumed directly, nor do they have direct incentives to conserve. Moreover,
energy costs tend to be a relatively small percentage of overall costs of products
and services in the commercial sector, making energy efficiency a difficult
proposition in many organizations.29

Typical thermal power plants generate enormous heat that must be
exhausted, at considerable cost and harm to the environment. Combined heat-
and power, cogeneration, and district heating provide useful applications for the
wasted heat.30

The average homes in many countries are poorly insulated, allowing too
much heat to get in during the summer, when it is not needed, and too much
heat to escape from the interior during the winter, when it is. Making matters
worse, generations of architects and engineers were taught to treat buildings as
isolated spaces to be artificially heated, cooled, lighted, humidified, and
ventilated with little consideration of the ambient environment. This thinking is
now being challenged, and changed, in favor of designs that integrate the
building into the surrounding environment, taking advantage of the orientation,
natural lighting, and the ambient air to meet most of the comfort needs of the
occupants.31

In sum, we typically waste a lot of energy in the process of getting to what
we really want and need. It is perhaps a slight exaggeration to ask, “Do we need
a tank to kill a fly?”

4. WHAT CONSTITUTES AN ADEQUATE
STANDARD OF LIVING?

This is an important question and highly relevant if we agree, as the prior
discussion suggests, that when it comes to energy consumption, we, in fact,
often use a tank to kill a fly, rather than a fly swatter.

If we can define an adequate standard of living, and identify how much
energy services are needed to support that level of comfort, then we can focus
on ways to provide the services with the least amount of energy.32

By most measures, people living in rich countries, on average, enjoy high
standards of living made possible by prodigious use of energy and other
resources (Figure 6).33 Referring to Gandhi’s observation at the beginning of

29. In Chapter 11 of this book, Prindle and Finlinson address ways of overcoming these barriers.

30. This book’s Chapter 14 by Bauermann et al. discusses district heating.

31. In Chapter 19, Sovacool describes how the planners for the carbon-neutral city of Masdar in

UAE are employing many design elements used in traditional buildings in hot, arid areas.

32. In practice, of course, one must strive to minimize overall resource use, not just energy.

33. In Chapter 15, Buijs describes the significance of rapidly developing countries such as China.
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the chapter, these high living standards are made possible by reliance on cheap
imports of natural resources and, increasingly, manufactured products, from
developing countries.34

In contrast, many people in developing countries subsist on the mere
necessities on a fraction of energy and natural resources used by citizens of
developed countries. The average per capita energy use and carbon emissions
of the former are miniscule compared to the latter group (Figure 7).35

Defining what constitutes an adequate standard of living, however, is
fraught with difficulties:

l First, standard of living for whom?
l Second, even for a given population, for some of the reasons described in

preceding sections, it is not trivial to define how much energy and natural
resources are needed to sustain a given standard of living.

The first problem goes back to the immense inequalities that have arisen among
various societies and cultures over the course of human evolution and economic
history.36 As further explained by Bartiaux et al. (Chapter 3), different societies
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34. Refer to Trainer (Chapter 5) for a discussion of this.

35. In Chapter 7, Moran compares and contrasts these differences.

36. For an evolutionary perspective on how various societies have evolved through history, refer to

Jared Diamond’s Guns, Germs and Steel (1999).
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have different definitions for what constitutes basic needs.37 In fact, these
authors suggest that energy needs may not provide a useful basis for defining
energy demand or arriving at future energy projections. More fundamentally,
we are faced with the reality that the definition of human need is problematic on
so many dimensions as to be virtually indefinable (see “How Many Gallons
Does It Take for a Shower?” sidebar).
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How Many Gallons Does It Take for a Shower?

Water consumption is energy-intensive. It must be collected, pumped, stored,

purified, disinfected, and piped. After usage, it must be collected, pumped, treated,

and dischargeddall of which requires energy. Not to mention that it is becoming

increasingly scarce in many parts of the world, requiring highly energy intensive

desalination of sea water.

For affluent consumers, none of this matters. In the last few years, there has been

a trend toward multiple nozzles and massive showerheads that discharge enormous

quantities of water. Moreover, consumers in rich countries take more frequent and

longer showers. As described in Chapter 11, “How Organizations Can Drive

Behavior-Based Energy Efficiency” by Prindle and Finlinson, students residing in

U.S. college dormitories average 14-minute showers, and counting. Many luxury

spas now advertise the fact that you can enjoy an 18-showerhead bath with

incredible water flow. Obviously no one is going to time how long a shower takes.

Given water scarcity and its energy intensity, water flow, pressure, and the

definition of showerhead becomes critical. As it happens, a 1992 U.S. federal law

37. Refer to Bartiaux et al. (Chapter 3) for an anthropological perspective on the concept of needs,

wants, and desires.
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How Many Gallons Does It Take for a Shower?dcont’d

specifies that a showerhead cannot deliver more than 2.5 gallons per minute (GPM)

at a pressure of 80 pounds per square inch (PSI). Some current showerheads in the

U.S. deliver as much as five times this limit. Making matters worse, an increasing

number of upscale new homesdindustry estimates put the number in the 1%e4%

range and growingdnow feature showers with multiple showerheads, as many as

18, spraying water from all directions.

The U.S. Department of Energy (DOE) has decided that enough is enough. In

May 2010, according to an article in The Wall Street Journal (21 July 2010), Scott

Harris, DOE’s General Counsel, fined four shower manufacturers for failure to

abide by the law, putting others on notice. Moreover, the DOE has decided that the

definition of a showerhead needs further elaboration.

Watch out for water police

Water usage for a 3-minute shower with a showerhead compliant with 1992 U.S.

federal law and a 15-minute shower using 18-nozzle showerheads, in gallons:

Current U.S. law Luxury 18-nozzle showerhead

3-minute shower 15-minute shower
7.5 gallons 675 gallons

Manufacturers’ interpretation of the existing law is that as long as each

showerhead complies with the existing mandate, there is no limit to how many

nozzles there can be in a shower. Hence, a bathroom with 18 nozzles each

delivering 2.5 GPM, or 45 GPM in total, would be legitimate. In this case,

a 15-minute shower will use 675 gallons of water, more than people in some

impoverished countries use in a whole year. DOE’s interpretation, however, is that

all nozzles would count as a single showerhead and subject to the 2.5 GPM limit.

That would mean that if you choose to have 18 nozzles, each would deliver

a trickle, not a flood of water.

This has caused quite a fury among the manufacturers. Barbara Higgens,

Executive Director of the Plumbing Manufacturers Institutedyes, apparently there

is such an institutedcomplained to theWall Street Journal that DOE’s Mr. Harris is

making a “value judgement,” adding that, “One person’s waste is another person’s

therapeutic use of water.” Pedro Mier, Vice President of Grupo Helvex in Mexico,

agreed, pointing out that his firm’s customers “just like to feel they are getting a lot

of water.” He confessed that until he received the DOE’s letter recently, he was not

even aware of the federal law. Referring to Mr. Harris’ letter, he said, ”At first,

I thought it was a scam.”

“Did Congress limit consumer choice?” DOE’s Mr. Harris asks rhetorically,

adding, “Absolutely. When you waste water, you waste energy,” (emphasis added)

and that’s where DOE comes into the picture. Mr. Harris estimates that each mul-

tihead shower fixture uses the equivalent of roughly one barrel of oil per year. It may

not sound like a lot, but multiplied over many homes built each year, it quickly

adds up.
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So where does one draw the line between personal choice and societal
costsdin this case waste of energy and water in a finite planet? Where does
basic human needs, such as cleanliness, end and where does frivilous
consumption begin? Clearly, the question is not limited to use of water and goes
beyond the definition of a showerhead.

The point of this anecdote is to illustrate the elastic nature of need, in this
case water for taking a showerdconsidered a rather basic human
needddiscussed more eloquently by Bartiaux et al. in Chapter 3.

Swiss citizens might define an adequate standard of living based on what
they have come to expect as reasonable and customary.38 The same question
posed to citizens of Swaziland may produce a rather different answer. The
difference in the two answers can be attributed to different standards of living in
the two countries, as well as other variables including population density,
climate, culture, lifestyles, energy prices, income levels, and so on.

But it gets even more complicated than that (see “How toMeasure Prosperity
or Happiness” sidebar). Currently, a typical Swiss citizen uses roughly half of
the energy of a typical American on a per capita basis. Most people would agree
that we cannot therefore conclude that a typical American enjoys a standard of
living twice that of a typical Swiss. In fact, by some measures, standards of
living may be higher in Switzerland than in the U.S.39 Clearly other factors play
a role. Switzerland is a small, mountainous, landlocked country with an
extensive train and mass-transit system that allows many citizens to enjoy
comfortable lives without the need for an automobile, let alone a big SUV. The
typical Swiss lives in a smaller house, with smaller appliances, drives a smaller
car fewer milesdif at alldand far less often than the typical American.

How to Measure Prosperity or Happiness?

Economists traditionally measured a nation’s prosperity based on its economic

output, per capita GDP, or similar monetary indexes. But as everyone knows,

money alone doesn’t buy happiness. The debate about how to measure prosperity,

and happiness, has received more attention in recent years with suggestions that

nonmonetary factors, such as quality of a nation’s institutions, the state of its

democracy, environment, its health, education, public services, income distribu-

tion, freedom, security, and leisure time play important roles.

French President Nicolas Sarkozy recently commissioned a study led by

prominent economist Joseph Stiglitz to come up with alternative measures, pointing

out that a nation’s GDP is an “insufficient measure of its wellbeing.” Few would

disagree.

38. Refer to Chapter 16 by Stulz et al. for a discussion of energy use in Switzerland and efforts to

reduce it.

39. According to 2009 Legatum Prosperity Index, Switzerland is ranked as the second “most

prosperous” country; the U.S. is ranked #9.
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But the issue of how much energy is needed to sustain an adequate lifestyle
is even more complicated than comparing Swiss to American lifestyles.
Looking at per capita energy consumption and carbon emissions among
selected U.S. states, what explains the vast difference between Wyoming and
California (Figure 8)? Retail electricity prices, population density, the
composition of the economy, climate, home-building codes, and appliance
standards explain some of the difference but not all. In the case of Wyoming,
a mining and coal producing state with a small population, the per capita

How to Measure Prosperity or Happiness?dcont’d

Legatum, a London-based think tank has come up with a multidimensional

prosperity index, which includes a number of nonmonetary measures. It ranks

Finland on top, followed by Switzerland, Sweden, Denmark, and Norwaydall

reasonably wealthy countries but also enjoying other positive attributes such as

stable democratic institutions, good social welfare systems, reasonable distribution

of income, among other reasons.

The U.S. is ranked ninth, ahead of Britain, Germany, and France. Zimbabwe,

Sudan, and Yemen did not do welldnot only because they are poor but, more

importantly, because they suffer from unstable and undemocratic governments, if

one can dignify their ruling system as a government.

1 Finland 10 9 9 3 7 2 2 7 6

2 Switzerland 2 13 1 22 3 6 3 11 2

3 Sweden 16 3 7 4 15 7 5 5 3

4 Denmark 15 6 12 2 12 4 1 2 13

5 Norway 18 17 8 1 10 1 7 1 10

6 Australia 7 15 5 6 21 14 10 4 4

7 Canada 6 4 6 16 22 9 9 3 9

8 Netherlands 3 5 19 14 8 15 8 10 8

9 United States 14 1 2 7 27 19 16 8 7

10 New Zealand 27 18 4 10 19 13 11 6 1
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number looks excessively high. California, on the other hand, is a state with
a relatively mild climate, little heavy industry, and high retail electricity prices.

Even if one adjusts for these variables, defining howmuch energydand other
natural resourcesdis needed to sustain an adequate standard of living is still
fraught with challenges. The reason, as already explained, is that our basic
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energy service needs can be met through a combination of energy, capital, and
human factors. By adjusting these variables, one can arrive at vastly different
answers. Pushing the concept to its logical limits, one can approach zero net
energy use in buildings if costs were not an obstacle and one could invest not in
the leading edge, but as Amory Lovins likes to say, bleeding edge technologies.40

To demonstrate the point, let’s examine the energy use of a building. A
highly insulated building with state-of-the-art windows, lighting, and space
conditioning equipment and controlled with a sophisticated energy monitoring
and management system would use very little energy, offering significant cost
savings over its extended life.41 But such a building comes at a relatively high
up-front cost.42 A zero net energy home, willdat least in theorydhave a zero
net energy consumption over time but to get there would require a significant
investment in design and construction, not to mention highly efficient energy
using and generating devices and behavioral adjustments by its occupants.43

Since there are obvious tradeoffs between how much is invested in the
capital stock versus their energy usage over time, this can quickly turn into
a circular argument.44 From an economic point of view, energy efficiency
investments should be pursued to the point where they are deemed economic in
terms of reduced operating costs. This entails putting a value on future energy
savings versus present investments in better equipment, better design and
construction, more insulation, and so on. Since future savings are worth less
than present investments, consumers must make tradeoffs, explicitly or
implicitly, when buying energy-intensive appliances, cars, or homes. A number
of chapters in this book examine the implications of these intertwined issues
and how appropriate policies, incentives, information, standards, and codes
can influence the ultimate decision.

This section must end inconclusively on both questions posed, namely,

l There is no universally accepted definition of what constitutes an adequate
standard of living,

l There is no definite answer to how much energydand other resourcesdit
takes to sustain it even if a universal definition existed.

40. Chapter 9, by Gray and Zarnikau, discusses the cost implications of moving to zero net energy

buildings.

41. Chapter 10, by Ehrhardt et al., covers the so-called “beyond the meter” applications that enable

reduced energy consumption through improved utilization and management.

42. Chapter 18, by Clymer, describes some of the measures pursued in the case of city of Austin,

Texas.

43. Chapter 9, by Gray and Zarnikau, and Chapter 17, by Rajkovich et al., describe the concept of

zero net energy.

44. Energy efficiency guru Amory Lovins lives in a zero net energy home using the most advanced

appliances and devices on the “bleeding edge” of technology. But these concepts are still beyond

the means and reach of average homeowners.
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For pragmatic purposes, however, one can assume that living standards enjoyed
by Western European countries today are adequate, and average Europeans
appear to get by on half as much energy per capita than their American,
Canadian, or Australian counterparts. In the case of Switzerland, a country with
enviable living standards, there is an effort to cut the current per capita energy
use to a third of current levels as described by Stulz et al. in Chapter 16.

Switzerland’s ambitious target may provide a useful goalpost for this book,
say, the equivalent of 2000 Watts, or even less, per person. To put this number
in perspective, the corresponding number for the U.S. is currently around 12,000
Watts per persondimplying that the U.S. would have to cut its per capita
energy consumption six times asmuch to achievewhat the Swiss have established
as a goal. This, however, is a gross simplification given the vast differences in the
composition of the economies, population density, and numerous other factors.

5. LIVES, LIFESTYLES, AND SOCIO-ECONOMIC SYSTEMS

Our lives and lifestyles are defined by habits, culture, conventions, prices, and
income levels in the context of a socio-economic capitalistic system, which
encourages production and consumption and is predicated on continuous
growth.45

Moreover, a consumer-oriented culture, incessantly promoted through
advertising and marketing, pervades all aspects of life in rich countries.46

Powerful multinational corporations are the beneficiaries of this system and
encourage further propagation of this culture globally. With powerful brands
and massive marketing budgets, they do their best to influence not only our
tastes and our choices, but also broadly encourage more consumption.47 Money
may not buy happiness, but in our materialistic culture, it comes close.

One might argue that multinational corporations even try to define our
values and our needs.48 How else can one explain the demand for nonessential
luxury items, expensive branded products, mega-sized homes, yachts, and
private planes? Why else would anyone market cigarettes, sugar-loaded fizzy
drinks, or unhealthy fast food to consumers?49

45. A number of economists are questioning the necessity of continuous economic growth

including Tim Jackson in his book Prosperity Without Growth: Economics for a Finite Planet

(Earthscan, 2009) and Peter Victor in his book Managing Without Growth: Slower by Design, Not

Disaster (Edward Elgar, 2008).

46. In Chapter 5 of this book, Trainer offers further discussion of the evils of what he considers

excessive consumerism.

47. But as Trainer explains in Chapter 5, our capitalistic system not only affords the rich to live

extravagant lifestyles but encourages more of us to aspire to reach similar status.

48. This, of course, is a circular argument, since profit-seeking companies can only sell what

consumers will willingly buy.

49. In Chapter 7, Moran questions consumer “paternalism” pointing out that consumers are

smarter than many consumer advocates give them credit for.
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Such discussions, while intellectually interesting, can sidetrack us from
our main focus.50 Returning to energy services that support the basic
necessities of life, it is clear that culture and convention play critical roles.
The British, to use a stereotype example, are accustomed to drinking their
beer at room temperature while Americans like it ice cold. Americans like
their showers hot while the British may put up with lukewarm water.
Americans, on average, are used to keeping their homes warmer in the winter
than the British.51

Conditioning is another important factor. Older generations that survived
through the Great Depression and the rationing of the Second World War tend
to be frugal, using less of everything even when they can afford it. The new
generation grown during an age of plenty, rising standards, and relative afflu-
ence tend to be frivolous spenders and energy hogs by comparison.

Attitudes, however, continue to change, particularly among the educated
and upwardly mobile, who exhibit increased awareness about the environment,
are fond of organic food, recycling, and back-to-nature lifestyles. These
powerful demographic and attitude shifts have not been lost on profit-seeking
companies who are increasingly catering to these affluent consumers with
a growing array of green and organic products.52

Social norms and income levels are other important determinants of energy
use. For example, Americans, on average, live in much larger homes, own
bigger cars, and drive longer distances while paying relatively lower gasoline
prices.53 Energy prices and their relation to average household disposable
income play an important role in energy consumption patterns. Everything else
being equal, people in Kentucky, West Virginia, or Wyomingdlow-cost elec-
tricity statesdcan be expected to use significantly more electricity on a per
capita basis than those in California or New York (Table 1). For the same
reason, people in California and New York can be expected to be far more
receptive to invest in energy efficiency measures than those in Kentucky, West
Virginia, or Wyoming.

Similarly, price differentials for gasoline including taxes, explain why
people in some countries own bigger and more cars and drive them far-
therdeven accounting for population density and income levels.54 If energy

50. Another prominent feature of our current system, disturbing to many, is the vast money spent

on arms, defense, and wars. World military spending doubled during the past decade, reaching

$1.53 trillion in 2009, according to a Swedish study reported in The Wall Street Journal, 2 June 2010.

51. Refer to Chapter 9, by Gray and Zarnikau.

52. There are numerous examples of this trend, including General Electric’s Ecomagination

campaign, Wal-Mart’s efforts to cater to green consumers, and Intel buying all its electricity from

renewable resources.

53. Gray and Zarnikau provide comparisons in Chapter 9.

54. Refer to Chapter 6 by Bollino and Polinori on the effect of energy taxes on energy

consumption.
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TABLE 1 Average Retail Electricity Prices Among US States

Want cheap juice?

Average retail and residential rates*, cents/kWh, 12 month average ending June 2006

Region/state Avg. retail rate Avg. residential rate Region/state Avg. retail rate Avg. residential rate

New England 13.29 14.93 MD 8.58 8.60

CT 13.20 15.02 NC 7.42 8.94

ME 10.63 13.98 SC 6.89 9.75

MA 14.04 15.44 VA 6.74 8.31

NH 13.65 14.44 WV 5.05 6.22

RI 13.32 14.49 East South Central 6.55 7.82

VT 11.22 13.27 AL 6.85 8.41

Mid Atlantic 11.20 13.00 KY 5.18 6.74

NJ 11.33 12.11 MI 8.27 9.44

NY 13.81 16.49 TN 6.68 7.35

PA 8.48 10.19 West South Central 9.18 10.82

East North Central 7.23 8.81 AK 6.54 8.29

IL 7.04 8.43 LA 8.61 9.38

IN 6.20 7.89 OK 7.36 8.47
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MI 7.92 9.20 TX 9.96 11.88

OH 7.38 8.94 Mountain 7.40 8.84

WI 7.81 10.07 AZ 7.94 9.04

West North Central 6.51 7.83 CO 7.84 9.18

IA 6.88 9.51 ID 5.14 6.35

KS 6.79 8.11 Mont 6.81 8.20

MN 6.81 8.51 NV 9.26 10.57

MO 6.18 7.25 NM 7.64 9.25

ND 5.99 7.12 UT 6.02 7.63

SD 6.66 7.41 WY 5.16 7.52

South Atlantic 7.98 9.25 Pacific 9.93 10.72

DL 8.14 9.68 CA 11.89 13.00

DC 9.57 9.33 OR 6.38 7.37

FL 9.56 10.39 WA 5.90 6.65

GA 7.73 8.96 Hawaii 20.06 22.55

US Avg. 8.51 9.92

* These are averages for all applicable retail and residential rates, respectively, for each state including IOUs, munis and co-ops. Average rates are weighted by taking the

total revenues and total kWh sales for each company. Non-IOU data is from EIA, No data is provided for Alaska, nor Nebraska, which has no IOUs
Source: Typical Bills and Average Rates, Oct 07, Edison Electric Institute
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becomes scarce and more expensivedfor example through the introduction of
a carbon taxdenergy consumption can be expected to drop, which is why many
economists favor economy-wide, technology-neutral carbon taxes as a means
of combating climate change.55

Difference in income levels is another factor that explains differences in
energy consumption levels. For high-income earners, energy constitutes
a relatively small fraction of the disposable income while the opposite is true
for low-income consumers. If energy prices continue to rise, as some experts
predict, the percentage of average disposable income devoted to energy
expenses are likely to become more pronounced. If carbon taxes are intro-
duced, either directly or indirectly, this will add to energy budgets for petrol,
electricity, and heating. Sooner or later, consumersdand politiciansdwill
notice.

OFGEM, the United Kingdom’s energy regulator, for example, estimates
that by 2016, the average annual electricity and household gas bill in
Britain could rise by 60% to £2,000 (approx. $3,100), or roughly 10% of
average household disposable income. How would consumers react to
higher energy bills? Utility executives believe that they will have to get
used to the idea. But will they? Fuel poverty, already a major political issue
in Britain, is likely to become more pronounced if OFGEM’s predictions
materialize.

In his book $20 Per Gallon, Christopher Steiner (2009) envisions a future
where petrol may cost the consumer $20 per gallon and examines how
peoples’ lives, lifestyles, and livelihoods may be affected. It is hard to
imagine anything with a more dramatic impact on life and lifestyles than the
price of energydbecause it affects the price of everything else, from the cost
of transportation to food to nearly all other products and services we need
and use.

The book’s most interesting contribution, however, is to point out the many
benefits of expensive oil once we make the necessary adjustments. Steiner
portrays a future where we could enjoy better lifestyles on a fraction of energy
we currently use. One may not agree with his vision or conclusions but it is an
intriguing and promising perspective.

The point of his arguments, which are echoed in a number of chapters of this
book, is that lifestyles, habits, and norms are adjustable and can be influenced
over time. Plastic water bottles, once fashionable, have become the curse of
environmentalists. More shoppers bring reusable bags to carry groceries home.
Some stores actually charge for them or give token rewards if you bring your
own bags. More aluminum cans are recycled. As these examples illustrate,
humans are adaptable to change, and given the means and the motivations, can
be influenced to do the right things.

55. It must, however, be noted that elasticity of demand for energy tends to be low, meaning that

significant increases in prices are required to produce rather small reductions in energy use.

28 PART | I Challenge of Sustainability



6. TOWARD A MORE SUSTAINABLE LIFESTYLE

The examples and anecdotes offered thus far lead to three important
observations:

l The amount of energy required to support basic human needs is not a preor-
dained or set number.

l The amount of energy required to sustain a given lifestyle can be adjusted
through substitution, investment, by adjusting prices, influencing habits,
social and cultural norms, policies, and standards.

l Markets, while powerful and efficient, need occasional fine-tuning, prod-
ding, and appropriate incentivesdand such meddling can be supported so
long as the end justifies the means.56

The main instruments of change, illustrated through examples, include:

l Investment and substitutiondmore capital and superior technology, all else
being equal, typically results in lower energy usage with substantial savings
over extended life of the energy using stock.

l Higher prices will result in reduced energy consumption and encourage
substitution of other input variables such as labor and capital.57 Fuel
and carbon taxes,58 for example, are among well-known means of
discouraging energy use in general and carbon-heavy forms of energy,
specifically. Moreover, rising price signals offer powerful incentives in
directing investment and resources to address scarcities as they are
encountered.

l Norms and habits are amenable to gradual change through education, condi-
tioning, and with the emergence of superior alternatives and substitutes.59

Recent popularity of CFLs, recycling aluminum cans, and reusable grocery
bags are good examples.

l Energy policies can induce gradual change,60 for example, by switching to
low-carbon fuels and more efficient utilization of resources.

l Standards are among the most potent means of encouraging efficient utili-
zation of energy and other scarce resources.

56. Needless to say, there are considerable differences in views on how best to regulate markets

and to what extent. For example, refer to Meyer et al. (Chapter 4), who prefer a strong hand for

government in controlling the excesses of free markets.

57. The elasticity of demand for energy appears to be low, however, suggesting that relatively large

price increases may be necessary to promote energy efficiency or substitution. This suggests that

higher prices, combined with other incentives, may be needed to affect consumption and behavior.

58. Refer to Chapter 6, by Bollino and Polinori, for more on petrol taxes.

59. In Chapter 11, Prindle and Finlinson, for example, examine how college students living in

dormitories may be persuaded to take 3-minute showers instead of the current 14-minute variety.

60. Chapter 2, by Felder et al., describes alternative energy futures.
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l There is increased recognition of the role of governments to control or
modify private sector investments in ways that increases human welfare
while reducing wasteful energy consumption.

Viewed in this context, the energy and sustainability problem, which appears
insurmountable at first glance, may in fact be amenable to adjustments at
multiple levels. Granted, the energy infrastructure is long-lasting and formed
habits are hard to change, but persistent application of available instruments
over time will deliver substantive results.

Take the case of zero net energy buildings, mandated in the state of Cal-
ifornia starting in 2020 for new homes and 2030 for new commercial buildings.
Admittedly, the impact of the new regulation will be modest at first since it only
applies to new construction, but will become pronounced over time. The same
applies to the 33% renewable mandate in California by 2020. Opponents of
such measures complain about the extra costs and the fact that it will drive more
business away from the state. Proponents believe that these requirements will
eventually create more jobs than they destroy, will encourage technological
innovation, and benefit the environment in the long run. California’s climate
bill, which requires state-level GHG emissions to be reduced to 1990 levels by
2020, have also come under attack by the same critics but are supported by the
proponents on its positive merits.

These topics are repeated in the balance of the book from different
perspectives. While the problem of sustainability is not trivial and there are no
simple single silver bullets, there is enormous flexibility in how we can meet our
basic human needs, and in this sense, I prefer to view the glass as half full rather
than half empty.
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1. INTRODUCTION

Energy is such a critical contributor to prosperity and national strength that we
regularly worry about where it will come from in the future. No government
leaves its energy supply solely to the marketplace, and stakeholders have strong
opinions about both the ends and means of energy policy. By asking “Which
energy future?” this chapter identifies those ends and means, and highlights
which aspects of our energy future are controllable (via our choices) and
uncontrollable (because they are exogenous or uncertain).

A “buyer beware” notice belongs right here at the beginning of the chapter.
Thinking systematically about the future is something of an act of faith, a belief
that some of today’s knowledge will be relevant tomorrow. This rational act has
practical value when we get our determinisms right, that is, when the techno-
logical, environmental, demographic, economic, or political patterns that we
extrapolate do in fact hold true in the future. Part of the challenge is to balance
the appropriate extrapolation of historical trends against our imagined

Energy, Sustainability and the EnvironmentEnergy, Sustainability and the Environment.
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possibilities for the future. There is also an under-appreciated communicative
challenge, because plans, forecasts, and projections are stylized forms of
storytelling that fail when they are incomprehensible to or do not engage their
intended audience.

The global energy system faces immense economic, geopolitical, envi-
ronmental, and public-acceptability challenges. Energy decisions that are being
made today to address these multiple challenges will affect all corners of the
globe for decades, if not centuries. Despite the large uncertainties in energy
demand growth (such as the dip caused by the recent financial crisis), energy
supplies, climate impacts, technological advances, and changing economic
relationships, it is important for energy policymakers and planners to envision
and articulate possible energy futures. In order for this envisioning exercise to
move beyond wishful thinking, it must be acknowledged that different coun-
tries, and even different policymakers within a country, have different priorities
with respect to economic, geopolitical, environmental, and public acceptability
challenges.

The remainder of this chapter discusses future scenarios and associated
tradeoffs, business-as-usual energy trends, the cases of China and the United
States, the multiplicity of solutions to global energy problems, and the linkage
between scenarios and policy and planning objectives.

2. PROJECTING ENERGY FUTURES

We approach projecting global energy futures in several different ways. In
this section, we review internally consistent qualitative projections that are
based on four different worldviews. In the next section, we review two
business-as-usual forecasts to try to understand what the future holds if there
is no major departure from existing trends. In Appendix A, we summarize
and compare multiple scenarios’ analyses conducted by a wide range of
organizations.

One approach to thinking about our energy future is to make projections
instead of forecasts. That is, to consider the logical implications of several very
different worldviews. While still grounded in historical data, this approach
investigates what would happen if different determinisms govern future global
relations. It produces a wide range of outcomes and illuminates how political
and cultural factors might derail or pervert technological and economic
planning.

In considering possible energy futures, it is important to balance utopian
visions with pragmatic expectations. Realism regarding expected human
behavior is especially helpful, because, as psychologists like to say, “tech-
nology changes rapidly, people change slowly” (Norman, 2002). In economics,
the slowness with which human responses change forms the basis for income
and price elasticities of demand. These elasticities are stable enough to find
predictive usage, although sometimes the usage is inappropriate because
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elasticities are very situation-specific. People are also more socially embedded
than their economic caricature as self-interested, atomistic, rational maximizers
typically assume, but there are limits to their altruism. Over time, people can be
educated to perform a modest range of environmentally friendly behaviors such
as recycling and energy conservation. The point here is to think about future
energy scenarios that change human behavior at a plausible pace and with
a significant level of effort, and not overnight and without cost. Organizations,
institutions, and national governments are subject to similar social frictions, as
the ongoing negotiations to craft a worldwide response to global warming
demonstrate.

The International Energy Agency (IEA) has conducted a thorough review of
energy scenarios and developed its own scenarios (IEA, 2003). It recognizes
that a sustainable and secure future is not likely to occur unless policy inter-
ventions are made (ibid., p. 17). Furthermore, it finds that those scenarios that
envision a sustainable world or stabilization of greenhouse gases (GHGs)
require either technological breakthroughs or gigantic efforts to change either
political will or consumer preferences (ibid., p. 52). The IEA then develops
three exploratory scenarios: Dynamic but Careless (fast technological change
and an unconcerned attitude toward the global environment), Clean but Not
Sparkling (slow technological change but concerned attitude toward the global
environment), and Bright Skies (fast technological change and concern toward
the global environment).

l Article I. These three scenarios have six items in common. Population is
expected to continue to grow but at a slower rate.

l Article II. Growth will be concentrated in developing countries along with
increasing urbanization and population aging.

l Article III. Overall income will also grow and at a slower rate than in the
past but with developing countries growing faster than developed ones.

l Article IV. Energy supplies will be sufficient in general to meet growing
energy demand, but regional imbalances may occur.

l Article V. As affluence increases, concern for the environment will as well.
l Article VI. The world will be increasingly interdependent and intercon-

nected and market liberalization will continue.

The IEA 2003’s multiscenario analysis has three major conclusions. First, it
is not necessarily the case that pro-environment policies always lead to rapid
development of environmentally friendly technologies. In the Clean but Not
Sparkling scenario, there are pessimistic perceptions about technology and
overzealous policy interventions restrict technological development to both the
detriment of economic and environmental outcomes (IEA, 2003, p. 65).
Second, the spatial distribution of oil and natural gas has the potential to disrupt
energy markets even when there are adequate, extractable resources (ibid.,
p. 104). Third, technological advancement is necessary for sustainability but
unless it is accompanied by a fundamental change in values and attitudes
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toward the global environment, technological change will not be sufficient
(ibid., p. 104).

The Netherlands Environmental Assessment Agency (www.pbl.nl/en/) offers
another approach to evaluate different energy scenarios along two dimensions:
globalization versus regionalization and efficiency versus solidarity. The four
resulting quadrants, or scenarios, are Global Market (globalization/efficiency),
Caring Region (regionalization/solidarity), Safe Region (regional/efficiency),
and Global Solidarity (globalization/solidarity).

The Global Market scenario (globalization/efficiency) consists of a liberal,
individualizing, efficiency-seeking environment with high economic growth,
energy consumption, and GHG emissions unless a global cap-and-trade regime
can be implemented. The outcomes of this scenario are technological inno-
vation and cost savings resulting in energy prices growing at or less than the
rate of inflation, a þ100% increase in energy consumption in 2030, an energy
supply mix dominated by fossil fuels, and associated GHG emissions, so that
renewable energy resources are pushed out to the longer term and the global
population reaches 9 billion at mid-century.

The Global Market scenario places a great deal of weight on economic
outcomes, with some emphasis on GHG emissions, assuming that a combina-
tion of economic incentives and technological advances can reduce the direct
and social cost of energy production and consumption. It places little emphasis
on energy security; in fact, it may increase security vulnerabilities by relying on
global trade. It may be the case that economic progress and development
accomplished through globalization reduces global tension. On the other hand,
the race for low-cost fossil fuels, particularly oil, may create substantial energy
security concerns, as has happened historically. To the extent that this scenario
is accompanied by democratization, the public process would be improved,
although it depends in part on the willingness of different nations and cultures
to accept the homogenization that accompanies globalism.

This scenario is similar to the Intergovernmental Panel on Climate Change’s
(IPCC) B1 scenario described in Riahi, Grübler, and Nakicenovic (2007). In
2100, population is 7 billion and global carbon emissions are 5 Gt. This is
achieved through global integration and free flow of knowledge and technol-
ogies. Per capita gross domestic product (GDP) is high and there is a large
emphasis on equity. Economic growth results in eventual negative population
growth and more equity. In addition, urbanization is reduced since growth is
information-intensive and less materially oriented. This outcome starts looking
like the Global Solidarity one described below, but it is economic growth that
leads to global solidarity, not the other way around.

The Caring Region scenario (regionalization/solidarity) assumes the pres-
ence of community spirit, civic duty, cultural diversity, and value placed on
immaterial goods such as free time and community. Its outcomes include
consumer behaviors that change dramatically toward clean energy, energy
consumption that increases þ50% in 2030, energy prices that increase
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by þ80% in 2030, renewable energy deployment, and reductions in energy
consumption to stabilize GHG emissions.

This scenario promotes the public process; in fact, it assumes that such
a public process leading to widespread public acceptance results in this
scenario. This scenario does poorly regarding the economic objective, partic-
ularly with respect to short-term economic growth, and with respect to effi-
ciency. That being said, it does very well on the environmental objective,
assuming that regions that adopt this approach do not “export” the costs
associated with energy consumption to other regions, that is, leakage. Thus, the
environmental benefits depend on whether this caring region approach is
adopted globally. This scenario scores well on security because regions reduce
energy consumption and use renewable resources located within their region.
One open question is whether regions are seen as competing with each other,
perhaps undermining some of the security benefits, or viewed as nonthreat-
ening, thereby enhancing security.

The Safe Region scenario (regionalization/efficiency) consists of protection
of economic and cultural interests, sharply opposed cultural blocks, and
emphases on national safety, law and order, and limiting free trade. The
outcomes are energy consumption that increases by þ75% in 2030, energy
prices that are up by þ100% in 2030, energy consumption and GHG emissions
that continue to rise, limited development of renewable energy based on
regional resources, and a global population of 11 billion at mid-century.

This scenario scores poorly on all three substantive objectives, although it
might score well on the public process objective within each region. It limits
economic growth due to regional isolationism, has poor environmental
outcomes due to emissions and large global population, and aggravates inter-
regional frictions and security concerns.

This Safe Region scenario has a lot of similarities with the IPCC’s A2r
scenario in Riahi, Grübler, and Nakicenovic (2007). Fertility patterns converge
slowly resulting in 12 billion people in 2100, emitting 30 gigatonnes (Gt) of
carbon dioxide (CO2) equivalent that year. Regions are fragmented and
urbanization within regions is high resulting in high income disparities. The
supply focus is on regionally available fuels such as coal.

It also is reminiscent of a Global Mercantilism scenario developed by
Kahane (1992). This scenario consists of regionalization and fragmentation,
a widening gap between rich and poor countries, large oil price swings, and low
levels of political support for environmental concerns.

The Global Solidarity scenario (globalization/solidarity) asserts that social
justice is a priority and in the energy context this is manifested in sustainable
development in order to resolve the tensions between ecology and economics;
worldwide government coordination is achieved. The outcomes are effective
global climate policy, energy consumption that is up by þ50% in 2030,
renewable energy and energy-saving technology are prevalent, and use of fossil
fuels and emissions of GHG emissions decline.
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This scenario assumes an effective public process that can garner global
acceptance of a fundamental change in energy, and has much in common with
the Sustainable World scenario developed by Kahane (1992), which empha-
sizes the focus on the resolution of common problems, continued and
successful development of institutional structures to deal with these problems,
and aid and technology transfer from rich to poor countries.

If such an outcome could be achieved, then it would score well on global
security, environment, and economics, particularly long-term environmentally
conscious economic growth. The question is whether this ideal outcome is
something that could reasonably be achieved, albeit with great effort and
uncertainty, or whether the pursuit of such an outcome is not realistic and
therefore takes away from more modest but doable gains. In short, does this
scenario risk making the perfect enemy of the good?

TABLE 1 Comparison of Outcomes of the Netherlands Environmental

Assessment Agency

Outcome

Global

Market

Caring

Region

Safe

Region

Global

Solidarity

Energy Prices Grow with
inflation

þ80% þ100% Not available

Energy Consumption in
2030 (relative to today)

þ100% þ50% þ75% þ50%

GHG Emissions Increase Stabilized Not available Decline

Population 2050 9 billion Not available 11 billion Not available

GHG means greenhouse gas.
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Table 1 summarizes the four Netherlands Environmental Assessment
Agency’s scenarios.

Given the overlap of some of the Netherlands Environmental Assessment
Agencies and some of the IPCC scenarios, Figures 1 and 2 compare different
IPCC scenarios for per capita energy consumption and per capita CO2 equiv-
alent emissions. Family A scenarios are various business-as-usual scenarios,
and Family B scenarios provide a range of different policy intervention
scenarios. Appendix A provides more information on these and other future
energy scenarios.

3. BUSINESS-AS-USUAL GLOBAL ENERGY TRENDS ARE
DOMINATED BY INCREASING FOSSIL FUEL USAGE

In contrast to what could happen, in this section we compare two long-term
forecasts of the global energy future under business-as-usual conditions. Both
rely heavily on extrapolation from historical trends, informed by engineering-
economic analysis of future alternatives. They are forecasts, meaning that they
attempt to predict the most probable trajectory for the future energy economy
assuming no major changes in worldwide energy policy. These two studies
result in remarkably similar forecasts of population, economic, energy, and
GHG growth rates.

The forecast from the U.S. Energy Information Administration (EIA) at the
time of writing is the International Energy Outlook, published in May 2009.
EIA’s forecast assumes no major action on climate change, extends through the
year 2030, and divides nations into two groups, within and outside of the
Organization for Economic Cooperation and Development (OECD). In
November 2009, the World Energy Outlook released by the IEA provides
a similar scenario to EIA’s reference case. It develops a Reference scenario,
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which captures existing trends and also assumes governments make no change
to their existing policies. The IEA also develops a 450 scenario reflecting
a world in which collective global action is taken to limit the concentration of
GHGs in the atmosphere to 450 parts per million (ppm) of CO2-equivalent.

The following paragraphs paraphrase both reports’ findings. For the EIA,
the average annual percent increase in world energy consumption is 1.5%,
0.6% per year in OECD countries and 2.5% per year in non-OECD countries.
The IEA projects a 1.5% annual increase in world energy demand with
developing countries in Asia being the main drivers.

Fossil fuels retain their dominance, and coal experiences the largest
increase due to the increases in electricity demand. For the EIA, the trans-
portation sector accounts for 97% of the increase in oil use, and production in
non-OPEC countries peaks around the year 2010. The IEA Reference scenario
highlights energy security concerns. It forecasts that China overtakes the
United States around 2025 to become the world’s largest spender on oil and gas
imports, with India becoming third, ahead of Japan. According to the EIA,
liquid fuels, due to their importance in transportation and industrial use, are
anticipated to be the dominant energy source, rising from 85 million barrels per
day in 2006 to 107 million barrels per day in 2030. The EIA anticipates OPEC
retaining an approximate 40% share of global liquids production; the IEA
believes that OPEC’s share grows from 44% today to 52% in 2030. Even with
large uncertainties in the price of oil, varying between $50 to $200 per barrel in
both forecasts, oil demand is high due to transportation. Eighty percent of the
worlds proven oil reserves are located in eight countries and only two of them,
Canada and Russia, are not in OPEC (Oil & Gas Journal, 2008).

The EIA forecasts that 40% of the world’s natural gas supply will be used for
industrial purposes, and electricity generation will account for 35% of gas
consumption in 2030. The IEA forecasts that 45% of the increase in the demand
for natural gas through 2030 will be due to power stations, primarily using
combined-cycle gas turbine technology. World coal consumption is expected to
increase from 127 quadrillion BTUs in 2006 to 190 quadrillion BTUs in 2030,
with much of this increase due to non-OECD countries in Asia, particularly
China (EIA, 2009). China is forecasted to triple its coal use between 2006 and
2030, according to the EIA, but only to double according to the IEA. The IEA
projects that 97% of the increase in global coal demand occurs in non-OECD
countries, mainly Asia. According to the EIA, renewable energy sources increase
their share, primarily from hydroelectric facilities in non-OECD countries and
from wind and biomass in OECD ones. Two-thirds of the new nuclear power
plant additions are expected to occur in China, India, and Russia (EIA, 2009).

The EIA also forecasts global economic growth is anticipated to be 3.5%
per year with 2.2% in OECD countries and 4.9% in non-OECD countries. The
IEA has a slightly lower rate of global economic growth of 3.1%. According to
the EIA, world carbon dioxide emissions rise from 29 billion metric tons in
2009 to 40.4 billion metric tons in 2030 due to economic growth and use of
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fossil fuels. Although emissions from coal exceed those of liquids and natural
gas, each fuel source’s contribution is substantial. Coal is both the most carbon-
intensive fuel and is the fastest growing carbon-emitting energy source. China
alone counts for 74% of the expected total increase in the world’s coal-related
CO2 emissions. The world CO2 emission per person is anticipated to be 4.9
metric tons per person, with OECD nations at 11.2 and non-OECD nations at
3.7 metric tons per person.

Table 2 compares some of the major forecasted parameters of these two
forecasts, assuming current trends.

The 450 scenario envisions a 14% reduction in total energy demand,
approximately a 50% reduction in coal, smaller reductions in oil and gas
demand, and increases in nuclear hydro-electric, biomass, and renewables
compared to the IEA Reference scenarios. Figure 3 provides fuel-by-fuel
comparison for 2030.

TABLE 2 Comparison of U.S. EIA to IEA Reference Scenario

Parameter (2007-2030) U.S. EIA

IEA Reference

scenario

Annual World Population Growth Rate 1.0% 1.0%

Annual Energy Growth Rate 1.5% 1.5%

Real GDP Annual Growth Rates 3.5% 3.1%

Annual CO2 Emissions Growth Rate 1.7% 1.5%

Note: IEA reports compound average annual growth rates.

0

1000

2000

3000

4000

5000

6000

Coa
l

Oil
Gas

Nuc
lea

r
Hyd

ro

Bio-
mas

s

Ren
ew

ab
les

Primary Fuel

T
o

n
s
 
o

f
 
O

i
l
 
E

q
u

i
v
a
l
e
n

t
 
(
m

i
l
l
i
o

n
)

Reference
450 SD 

FIGURE 3 Comparison of world primary energy demand in 2030 by fuel type between the

reference case and 450 ppm scenarios (IEA-WEO, 2009)

39Chapter | 2 Which Energy Future?



Each of these approaches for developing future energy scenarios highlights
different challenges. Forecasts strive to predict, while projections strive to
explain. We suspect that the real future will not match any of these scenarios,
but hopefully by studying them wewill be better prepared for whatever unfolds.

4. COOPERATION BETWEEN CHINA AND THE UNITED STATES
IS A NECESSARY CONDITION TO IMPROVE THE WORLD’S
ENERGY FUTURE

Since much but not all of the world energy’s future depends on the individual
and collective actions taken by China and the United States, each country’s
energy outlook is examined in more detail. (For readers who are further
interested in China, Bram Buijs devotes an entire chapter in this volume on the
subject, Chapter 15, “Why China Matters.”)

Table 3 compares key parameters of the IEA forecast for China and the
U.S. in the year 2030 and makes clear how critical the combination of China
and the U.S. are to global energy issues. China and the U.S. combined are 37%

TABLE 3 Comparison of Key Forecasted Parameters between China and

U.S. in 2030 (IEA Reference Case)

Parameter China U.S.

China D

U.S. World

(China D

U.S.)/World

GDP ($2008 Trillion,
PPP)

$28.5 $22.4 $50.9 $137 37%

Population (Billion) 1.461 0.367 1.828 8.2 22%

GDP/person
($2008, PPP)

$19,507 $61,035 $16,707

CO2 (Mt) 11,615 5,535 17,150 40,226 43%

CO2/person (t) 8 15.1 4.9

Oil (Mtoe) 758 772 1530 5009 31%

450 ppm CO2/
person (t)

4.8 8.6 3.2

CO2 means carbon dioxide; GDP means gross domestic product; PPP means purchasing power

parity; Mtoe means million tonnes of oil equivalent.
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of the global economy and 43% of energy-related CO2 emissions. To illustrate
the importance of China and the U.S., if both countries were to reduce their
CO2 emissions to zero in 2030, the rest of the world would not have to make
any reductions to achieve the IEA’s 450 scenario. Similarly, these two
countries combined are forecasted to consume 31% of the world’s oil in 2030.
In line with the IEA figures presented in Table 3, the EIA forecasts that in
2030, China and the U.S. are expected to account for 32% of world oil
demand, 61% of world coal demand, and 43% of the energy-related CO2

emissions (EIA, 2009).

4.1. China

China’s most recent long-term National Energy Strategy is available online in
the format of a multivolume report (China National Energy Strategy, undated).
China has a growing oil security problem. In 2020, almost 60% of its oil will be
imported (China National Energy Strategy, undated). The report acknowledges
the obvious fact that countries have oil as part of their core energy strategies
and that China, like many other oil-importing countries, is concerned with
a temporary and abrupt cutoff or shortage in oil. Not surprisingly, it is imper-
ative for China to maintain energy security, and it has been stockpiling oil in
recent years, further adding to its oil imports (EIA, 2009b). According to the
EIA, “The Chinese government’s energy policies are dominated by the coun-
try’s growing demand for oil and its reliance on oil imports” (EIA, 2009b).
Although oil will be China’s major energy security issue, it is also expected to
continue importing natural gas via LNG and is considering imports via pipe-
lines from neighboring countries (EIA, 2009b).

China, as its energy strategy recognizes, is extremely dependent on coal. In
2003, 68% of China’s primary energy comes from coal and that percentage is
expected to be above 60% in 2020 despite China’s push for increasing fuel
diversity with natural gas, nuclear, and renewable resources. In addition,
despite China having the third largest coal reserves in the world, it is expected
to be a net importer of coal in the next 5 to 10 years (EIA, 2009b). China’s
increasing demand for coaldexpected to almost double in 2030dwill account
for 65% of the world’s increase in coal demand and is a major reason that
worldwide demand for coal grows more than any other energy source except
nonhydro renewable (IEA, 2009). China is also pursuing a large coal-to-liquids
industry (EIA, 2009b).

Economic growth for China is still the top priority but more emphasis is
being placed on environmental issues. In the past, over-emphasis on growth has
resulted in substantial pollution, including but not limited to air emissions. The
energy strategy acknowledges the tension between the environment and the
economy. China’s current position in the international Conference of the Parties
(COP) is that the developed countries must contribute 1% of their GDP to
developing countries to address global climate change. China’s economic
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situation is partially dependent on the U.S. economy. China is a major exporter
to the U.S. and holds approximately $800 billion of U.S. federal government
debt. This interdependency, fully recognized by China’s energy strategy, is
a two-edged sword in furthering cooperation between these two countries.

China’s National Energy Strategy also pays substantial homage to market
oriented reform of its energy sector. In the overview portion of the report, it
refers to such reforms approximately a dozen times. It also specifically
acknowledges that energy prices are currently subsidized and do not include the
cost of environmental externalities. The report contains contradictory state-
ments, referring to relaxing economic control while noting that increased social
and regulatory control of the energy sector is also necessary.

The report refers to the need to have public involvement in energy policy
and planning. It also raises concerns about equity, particularly in the context of
raising energy prices, whether by removing subsidies or internalizing negative
externalities. In December 2008, the government adjusted its oil pricing
mechanism to more closely align internal prices to the international crude oil
market (EIA, 2009b).

Finally, the document supports the diversification of fuel for China away
from coal and oil. Currently, hydroelectric provides 6%, natural gas 3%, and
nuclear power 1% of China’s energy consumption mix (EIA, 2009b). China is
vigorously pursuing nuclear power, planning for a fivefold increase in nuclear
capacity by 2020 and a further threefold to fourfold increase of 120e160 GWe
by 2030 (Guang and Wenjie, 2010). China is also one of the world’s largest
wind producers with over 25 gigawatts. China also may have substantial
reserves of unconventional natural gas, although there are major potential
obstacles to their development (IEA, 2009). Given the large amount of energy
China gets from coal, the dominance of oil in its transportation sector, and the
high expected energy demand growth rates, even with very aggressive fuel
diversification policies and energy efficiency policies, little progress on GHG
reductions is expected to be made by the year 2020.

4.2. United States

The U.S. energy situation is evolving under the influences of its historical
legacy as a major energy exporter, its strong market orientation, and its frag-
mented, decentralized political structure. These factors frame the drivers of
energy demand and supply, and energy plans and policies.

Energy demand in the U.S. will continue to be tied to economic growth,
although the increasing penetration of efficient consumption devices and tech-
nologies will slow the rate of growth as compared to the growth of U.S. GDP. The
U.S. economy has been on a long path toward increasing electrification of all
energy-consuming sectors and this is expected to continuedespecially in
transportation with the trend toward electric vehicles (EV) and plug-in hybrid
electric vehicles (PHEV). Electricity will continue to be the most convenient
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energy transport medium over the next 50 years with the ability to provide high
levels of power at the point of consumption when needed.

Over the next 50 years, economic activity and growth, energy intensity of
the economic growth, environmental concerns and the resulting policy, effi-
ciency improvements impelled by cost and policy, and domestic and global
supply will be the factors driving U.S. energy consumption. Each of these
factors is interrelated.

The U.S. economy continues to move away from heavy industry material
production (aluminum and steel) and heavy manufacturing (white goods and
vehicles) and toward service and high technology. This trend moves energy
consumption from the use of primary fuels in the production and manufacturing
process and again toward electricity to be used in light manufacturing and
lower energy density production. The one area of high-energy density that is
uniquely suited to electricity and not to the use of primary fuels is computer
data and server facilities, although progress is being made to make those
facilities more energy efficient.

Transportation for both private use and shipping will continue to be
dominated by the direct consumption of primary fuels in terms of personal
vehicles and trucking to support industrial and commercial activity. Rail
transportation for commuting is largely powered by electricity while intercity
and interstate transportation for shipping is generally fossil fueled. Rail
transportation for shipping is highly energy efficient but the prospects for
growth are dependent on the development of intramodal transportation hubs.

Major demographic trends will also influence the U.S. energy picture. As
more of the population moves to urban and semi-urban environments, the per
capita energy consumption will go down. This is driven by population density
as multifamily dwellings are generally smaller and more energy efficient and
people travel more by public transportation in urban settings. Population
growth will largely be driven by immigration policies over the next 50 years.
The U.S. has displayed a cyclic pattern of anti-immigrant sentiment and more
open borders and seems to currently be moving toward tighter limitations on
immigration. A youthful population is needed to fuel economic growth and
provide entry-level labor, which suggests that immigration policies will need to
be revisited and relaxed at some point in the next 10 years.

The U.S. coal, oil, natural gas, and electricity industries all started as highly
local, private enterprises. Over a century, as they grew in scale, they encoun-
tered challenges associated with financing capital-intensive facilities and
became viewed as critical infrastructures. Government involvement first
occurred at the local level, it then moved to the state level, and later to the
federal level, but many jurisdictional overlaps remain. One result is the
persistence of a regulatory patchwork that continues to hinder the development
of a truly continental marketplace for electricity and natural gas. Although
China’s unitary governmental system is having trouble delegating the effective
implementation of energy policies to its provinces, the U.S. federal system of
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government arguably has demonstrated an even greater degree of incoherence
in its energy policymaking.

The U.S. and Canada currently operate in tandem on many energy supply
policies. U.S. investment is routinely made in Canadian energy projects such as
large-scale hydroelectric, shale oil recovery, and natural gas pipelines (through
long-term take or pay contracts). Remarkably, while Mexico continues to be the
second largest exporter of petroleum products to the U.S. after Canada, there is
little long-term investment or contractual coordination. There are numerous
historical and political reasons for this pattern with Mexico, dating back to the
nationalization of the Mexican oil industry in 1938. The question now is what
changes will take place in this relationship over the next 50 years. A closer
relationship isn’t expected to result in advantageous pricing but could be
anticipated to move Mexican production toward greater efficiency and higher
production levels, which would have an influence on world oil prices. The
major policy question facing the U.S., Canada, and Mexico rests on willingness
to extract petroleum from nonconventional sources (such as shale) and from
more challenging and (in some cases) environmentally pristine regions.
Offshore gas and oil reserves are being discovered around the globe, but to date
the U.S. has prohibited coastal exploration outside the Gulf of Mexico. These
resources are expensive to extract and require high world prices to make them
economical, so there has been little interest in changing the policy. Energy
security concerns may alter that policy over the long-term.

Renewable energy can be anticipated to play an increasing role in electric
power supply for the U.S. (and China) primarily through the growth of wind
and solar power. The limiting technical factors will be the ability to econom-
ically store the power and the ability of the grid to manage an intermittent
supply. Energy storage technologies are still expensive and each comes with an
energy transfer penalty; there are losses putting the energy into storage,
whether charging batteries, compressing air, or pumping water up a hill. There
are additional energy losses when the stored energy is converted to electricity.
Each of these losses must be added to the cost, as well as the capital cost and
operating cost of the storage medium to calculate the full cost of renewable
energy. The intermittent nature of renewable energy poses a different set of
technical challenges. Solar power is reasonably predictable from day to day but
is not available every day and every hour of the day and so it must rely on
energy storage systems. Wind power presents the additional challenge coming
on and off rapidly as the wind surges. Wind power can result in the need to
dump low-cost power from other sources, which can further impact the oper-
ating efficiency of base-load power plants. The wind energy must be absorbed
rapidly to prevent instability in the transmission grid.

Coal represents half the primary energy for electric production in the U.S.
and is a proven domestic resource. Electricity derived from coal enjoys
a significant cost advantage against all competing sources and while cap-and-
trade policy or explicit carbon taxes will drive up the cost of operation of coal,
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the incremental costs will not eliminate coal from the energy supply mix.
Policy initiatives may also limit the cost impact on coal to prevent adverse
impacts on the economy.

U.S. energy and environmental policy has been and is a mixture of markets,
market-based mechanisms such as cap-and-trade policies for sulfur dioxide and
nitrogen oxide, and command-and control-policies. In some areas it has been
successful, such as the implementation of cap-and-trade policies for air emis-
sions (Ellerman et al., 2000). In other areas, the policy has been mixed, for
example the introduction of wholesale electricity markets. The one area that
has been a clear failure is the dependence on imported oil. The percentage of
imported oil into the U.S. has increased from 8% in 1950 to 68% in 2009.

The U.S. enjoyed a long period as the dominant global energy producerdit
was a leading oil exporter until the end of World War IIdand it remains the
dominant global energy consumer. The U.S. has already become a marginal
energy producer and in the next 50 years it will be one of many large energy
consumers. The U.S. will increasingly be a price-taker with less ability to
influence world prices by altering its consumption levels. The ample supplies of
the past have forestalled a national consensus on an energy security policy that
goes beyond the use of domestic resources.

China and the U.S. have substantial overlap in their energy resources, needs,
and objectives. On a technological front, overlaps include addressing the
intermittent nature of wind and solar energy, finding ways of using coal more
efficiently and with a lower environmental impact, particularly in carbon
capture and sequestration, reducing dependence on imported oil and associated
risks, improving energy efficiency, and reducing energy intensity. From
a policy and planning perspective, finding the right combination of interna-
tional arrangements and agreements, domestic legislation, energy plans,
mandates, and market-based mechanisms to address the multifarious energy
objectives is also critical.

4.3. U.S. and China Energy Interactions Over the Next Several
Decades

In many ways the two countries are two sides of the same coin, competing for
resources and leadership, but looking at the world from completely different
perspectives. On climate change matters, neither country wants to commit to
reduction and management programs without the other. They do agree that they
don’t want to be subject to international mandates. Where they diverge is the
internal approaches that are being taken.

Whereas China is refusing to accept any fixed targets, it has been moving
forward aggressively with wind power projects and is a leading manufacturer of
solar panels. It is also funding carbon capture and storage projects and inte-
grated gasification combined cycle (IGCC) plants to develop the technologies.
In contrast, the U.S. is moving more tentatively on both these technologies and
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part of what is holding the U.S. back is the weakness in the economy, while
China is moving ahead with its comparatively robust economy.

In the area of new resources, China is aggressively seeking and securing
access to oil and LNG in overseas markets, especially in Africa through the use
of foreign aid and direct investment in energy and infrastructure projects. The
U.S. is primarily relying on multinational oil companies to develop new
supplies. The U.S. continues to argue internally regarding the further devel-
opment of domestic resourcesdespecially in Alaska and in the coastal waters
along the Eastern Seaboard. The U.S. appears poised to develop new natural
gas reserves from shale deposits but has not begun to address the water
demands that this new resource will require. China and the U.S. will continue to
exploit their extensive coal resources. Over time the coal burning fleet will
become more energy efficient and will produce less CO2 per kilowatt-hour as
new technology is developed and applied. China is developing a domestic wind
turbine manufacturing industry. Utility scale wind turbines in the U.S. are all
imported. China is the leading manufacturer of photovoltaic systems.

5. NO SINGLE SOLUTION WILL ADDRESS GLOBAL ENERGY
OBJECTIVES

Focusing on only one objective comes at the expense of one or more of the
others. If national security is the priority, that would point to using coal, with its
huge environmental costs along with substantial economic costs to wean the
transportation sector off oil. If economic development is the priority, then
national security suffers due to dependence on oil and so do environmental
objectives due to the emissions associated with coal and oil. If environmental
objectives have priority, then economic development is limited, although
security may be enhanced depending on the use of nuclear power.

There is no single technology, either existing or emerging, that alone will
address society’s energy objectives; all technologies involve substantial
tradeoffs between objectives. Solar is too expensive, intermittent, and large-
scale and inexpensive storage does not exist. Wind is expensive and suffers
from the same intermittency issues as solar. Nuclear has safety, proliferation,
and long-term storage concerns and cannot be ramped up quickly. Hydro-
electric is not available everywhere, takes a long time to build, is extremely
capital intensive, requires extensive transmission, and has negative environ-
mental implications. Biomass has very low energy density and negative envi-
ronmental implications. Many of these options are not scalable to meet
substantial global energy needs.

Thus, a combination of existing and new technologies is needed, but the
optimal mix both among technologies and between investing in existing
technologies versus research and development to improve future technologies
is not at all clear. It becomes important to compare how alternative energy
technology portfolios are likely to perform as the future unfolds.
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The projection of current global trends in energy usage, technologies, and
outcomes will fall short of achieving the above four major categories of
objectives. If one were to infer the goals behind the current trends, they would
be short-term economic growth even at the risk of energy price shocks and
increasing levels of GHGs.

Past energy policies and plans have rarely been able to overcome the large
inertia of the current energy technologies. Some examples include the U.S.
response to the oil crisis starting in 1973 and the Kyoto Treaty. This inertia
has several causes. First, existing energy assets are capital intensive and have
long lives. Once they are built they continue to be maintained and operated so
long as their going-forward costs, which do not include their sunk capital
costs, remain low enough. As a result, any new technology’s total cost must
be less expensive than an existing technology’s going-forward costs to
replace it prior to the existing technology’s end of life. If a new technology’s
total cost is lower than an existing technology’s total cost, but not its going
forward cost, then the replacement time of the existing capital structure is on
the order of several decades, if not longer. Second, existing technology
attracts political interest groups that have a large incentive to maintain the
dominance of their technology backed by substantial resources compared to
nascent technologies. Energy policymakers and planners should articulate the
tradeoffs among objectives of various proposals so that the policymaking
process is as informed as possible as opposed to advocating particular
solutions that inherently reflect the advocates preferred tradeoffs. One way to
do this is with scenario planning. Scenario planning, organized around
internally consistent narratives and visions of the future, can help explore the
above tradeoffs.

Before looking ahead, it is worthwhile to look at past energy forecasts. One
key lesson that can be learned from energy forecasts made about U.S. energy
use is that forecasters have often underestimated the importance of uncertainty
(Craig et al., 2002). For example, in the 1970s, forecasters underestimated the
ability of the U.S. economy to respond to higher energy prices, particularly
oil, by increasing efficiency. Forecasters must not only forecast new tech-
nologies but must also forecast changes in human behavior and social
networks.

A substantial amount of uncertainty exists in technologies, fossil fuel
energy reserves, world economic and population growth, and so on, which must
be addressed in scenario analysis. Within a given scenario, sensitivity analysis
can be conducted to further explore uncertainty with the parameters of
a particular vision of the future. The difference between scenario and sensitivity
analysis is that sensitivity analysis occurs within a given scenario. Under the
current trends scenario, global population is expected to peak around the year
2050. A sensitivity analysis on population may assume that the peak occurs in
2075, but within the internally consistent narrative that existing trends domi-
nate the global energy picture.
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6. LINKING SCENARIOS TO ENERGY POLICY AND PLANNING
OBJECTIVES

One approach to energy policy and planning is considering it as a multi-
objective problem under uncertainty (Hobbs and Meier, 2000). Although there
are many objectives associated with energy planning and policy, one can group
them into four categories: economic, geopolitical, environmental, and public
acceptability. The first three categories are the “three Es” of sound energy
policy: economic development, energy security, and environmental protection
(IEA, 2009).

Economic objectives include economic development and macroeconomic
improvements. A comparison between developed and developing countries is
instructive. The developed countries achieved their current status in some
measure due to access to inexpensive energy, although part of the “low” cost of
energy has been, and is likely to continue to be, at the expense of the envi-
ronment, along with pronounced security concerns. In addition, there is
increasing recognition that sustained economic progress also requires main-
taining and improving natural assets (Kahane, 1992). In contrast, developing
countries and their populations are pursuing similar economic status at growth
rates at twice or more than the growth rates of developed countries. An
important feedback exists between economic development and population
growth rates. History has shown that as the former increases, the latter
decreases. Moreover, the reduction in fertility rates associated with economic
growth rates is occurring over a much shorter time period now for developing
countries than when it occurred for now developed countries during the
industrial revolution.

Geopolitical energy challenges include national and international energy
security, nuclear proliferation, and terrorism. Yergin states that “the objective
of energy security is to assure adequate, reliable supplies of energy at
reasonable prices and in ways that do not jeopardize major national values and
objectives” (1988, p. 111). Consistent with Yergin is the International Energy
Agency, which defines energy security as “access to adequate, affordable, and
reliable supplies of energy” (2009, p. 115). Andrews introduces the notion of
energy vulnerability as the “state of energy insecurity, typically due to insuf-
ficient or inadequately protected domestic supplies” (2006, p. 17). Energy
security is not limited to oil and geopolitics, although that has been the
dominant focus, but instead has multiple meanings that depend on an evolving
political, economic, and social context (Chester, 2010).

Energy security is dictated in part by the location of fossil fuels or large
scale hydroelectric facilities. In the case of oil, it is relatively concentrated in
a few countries, enabling suppliers to control, in part, the world oil market.
Although definitions of energy security and vulnerability cover multiple fuels
and even energy carriers such as electricity, oil security is the concern that is
most acute. The IEA identifies the specific vulnerabilities in the oil-supply

48 PART | I Challenge of Sustainability



chain and its emergency response mechanism (2009), and a review of the
academic literature concludes that the U.S. macroeconomic costs of disruptions
and adjustmentsdcombining economic objectives with securitydrange from
$2 to $8 per barrel (NRC, 2009).

Energy security concerns are not limited to oil. Natural gas resources are
more dispersed than oil, but also have important security risks. Due to the
cost of transporting it long distances, particularly over water, natural gas is
susceptible to threats of interruption. In sharp contrast, coal is much more
evenly dispersed throughout the globe and large resources exist near large
populations. With electricity, notions of energy security are perhaps better
related to reliability instead of security (IEA, 2009). Both concepts of
energy security and energy vulnerability need to be expanded to include
proliferation and terrorism that may not be related to supplies of energy but
the use of the energy infrastructure to achieve violent outcomes. Nuclear
proliferation, which can occur either through the commercial production of
electricity with nuclear energy or directly via nuclear weapons, is another
major security concern (MIT, 2003). In the Middle East and Africa, pipe-
lines and export facilities have been targets in local and regional political
disputes. Finally, energy systems are valued targets for terrorists either to
interrupt supplies of energy or to use the targets themselves as means of
spreading terror, such as attacking a nuclear power plant or liquefied natural
gas facility.

Energy security and economic development overlap in several ways. One
way is the resource curse, which has three variations (Kolstad and Wiig, 2009).
The Dutch Disease involves a loss of productivity due to the appreciation of the
resource-rich country’s currency resulting in a contraction in manufacturing.
Another is that patronage leads to inefficient employment and investment
allocation. The third is that the economic rents associated with the resource
result in unproductive rent-seeking activities to control the natural resource. For
example, in the U.S. states of Texas and Louisiana, natural resource depen-
dence contributes to slower economic growth, poorer developmental perfor-
mance, and less competitive politics (Goldberg et al., 2008). Whoever can
control the resource, for example an oil field, thereby controls enormous wealth
potentially leading to endless fighting between competing military forces and
instability for that country and region.

A third major objective of energy policy and planning is to address envi-
ronmental concerns associated with both ecological and human-health impacts,
such as GHG emissions, other air emissions, water impacts, toxic materials,
and safety and longer term sustainability. Environmental impacts due to the
production and consumption of energy have a range of implications over
geography and time. Some are local, such as strip mining of coal, others are
regional, such as acid rain, and others are global, such as the emission of GHGs.
This category also includes damages associated with energy accidents (Felder,
2009).
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A fourth objective, public acceptability, is both substantive and procedural
(Andrews, 2002). It is not sufficient, particularly in democracies, for major
energy policies and plans to be formulated and adopted without public input.
The democratic process itself requires such input, at least indirectly through
elections; it is common to add other direct stakeholder processes. Nondemo-
cratic regimes also depend on the support of the people, not through formal
means such as elections, but in acceptance of energy policies and plans, which
is why they, along with democracies, heavily subsidize energy. As an illus-
tration, when oil prices in 2008 were at $140 per barrel, the Chinese govern-
ment decided to reduce gasoline subsidies, which sparked demonstrations and
minor riots. Those subsidies were quickly restored. China is not the only
country to subsidize energy prices (IEA, 2009; Pearce and von Finckenstein,
undated). Another illustration of the importance of public acceptability is
nuclear power, for which support is growing internationally (Adamantiades and
Kessides, 2009).

Within each of these four broad categories of objectivesdeconomic,
geopolitical, environmental, and public acceptabilitydthere are multiple sub-
objectives. In some cases these subobjectives are not ends in themselves, but
serve to achieve other ends. This same categorization can apply to the four
major objectives. Reducing GHG is a means to achieving end objectives of
human health and economic wellbeing, itself a means to achieving human
health and happiness. To further complicate the issue, there may be multiple
indicators for various objectives and subobjectives. In the case of oil security,
one reference found 12 indicators of oil import diversification and argues that
diversification is not enough for energy security (Vivoda, 2009). Cabalu uses
four indicators for the security of natural gas supplies in the context of Asia
(2010).

Two problems arise with this multitude of objectives. First, all objectives,
subobjectives, and their relationships need to be identified and constructed.
This is a huge semantics problem as different people, groups, and nations use
different terminology to refer to the same objectives, as was discussed above
for energy security.

Furthermore, how objectives are characterized is not independent of how
different people value that objective, so the process of establishing a common
taxonomy of objectives is not merely a question of obtaining common
understanding. It quickly bleeds into the second problem, which is that
different people, groups, and nations have vastly different preferences for the
myriad objectives. For example, Chester notes that different stakeholders will
have different definitions of energy security (2010). Thus, developing this
taxonomy is not a simple matter of imposing clarity and consistency on the
objectives and subobjectives. It is itself a dispute between different groups that
are trying to establish their preferences for different objectives and sub-
objectives, and any such dispute risks power trumping rationality (Flyvbjerg,
1998).
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Underlying these objectives and their many supporting subobjectives are
fundamental debates about how humans should live their lives, captured in part
by the term sustainability, the organizing theme of this volume. Thus, to many
the energy future is not just optimizing a set of objectives, but living in such
a manner as to achieve more encompassing outcomes that are social, cultural,
and political in nature that cannot easily be reduced to a vector of objectives.
Despite the multitude of definitions of sustainability and their associated
ambiguities (Bent et al., 2002), the term does capture a broader notion that the
sum of the individual objectives, no matter how precisely laid out, does not.
Table 4 summarizes these four objectives and some of their subobjectives.

TABLE 4 Energy Policy and Planning Objectives and Some Important Sub-

Objectives

Objectives

Economic

Security/

Geopolitical Environment

Public

Acceptability

GDP Attacks on energy
installations designed
to cause loss of life,
property damage, and
widespread panic

GHG emissions Equity

Economic
growth rate

Interruption of key
energy supplies

Other air emissions
(mercury, sulfur dioxide,
oxides of nitrogen,
particulate matter, diesel
particles, etc.)

Public input

Reduction of
poverty

Energy blackmail and
associated threats

Solid waste (nuclear
waste, coal ash, heavy
metals)

Accountability of
policymakers

Volatility of
energy prices
and associated
economic
shocks

Nuclear proliferation Liquid waste (slug, waste
water, thermal waste, oil
spills)

Transparent and
above-board
process

Affordable
energy

Aesthetics /noise Social justice

Water quality and water
availability

Local impacts
vs. local
benefits

GDP means gross domestic product; GHG means greenhouse gas. References: IEA, 2009;

NAS, 2009; authors.
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Incorporating objectives other than global climate change mitigation into
the consideration of energy policies and plans may facilitate achieving greater
GHG emission reductions than would solely focusing on climate change. This
is an example of the old adage that in order to solve a big problem, make it
bigger. The focus in this chapter is to envision energy futures across the three
major categories of substantive objectives (geopolitical, economic, and envi-
ronmental) while keeping in mind that at all times, broad public support is
necessary if our collective future is to be shaped by these objectives as opposed
to the inertia of the past.

CONCLUSIONS

On their current course, in 2050 China and the U.S. will be in an intense
competition for oil. Even if both countries were able to emit no carbon except
for the consumption of oil, the amount of GHG emissions would exceed GHG
reduction goals. Thus, in terms of energy security, alternatives to oil must be
developed and implemented relatively rapidly. A necessary but insufficient
condition to address global warming is that the alternative fuels to oil be carbon
neutral. This interdependency clarifies why a global GHG management regime
is so necessary.

This chapter starts with a question: “Which energy future?” The energy
economy has great inertia, so that many historical trends will in fact carry
forward far into the future. Patience on a generational time scale is probably
a prerequisite for a satisfying career in energy policy. However, the future can
and will eventually diverge from the past. Powerful dynamics of change include
demographic processes; the discovery, trading, and depletion of varied energy
resources; numerous technological and institutional innovations; and shifting
geopolitical roles for actors on the world stage. Some of these dynamics are in
fact choices that people, organizations, and nations can make about the future.
Much of the value of forecasts and scenarios for the future lies in encouraging
thoughtful discussion about which energy future we really want. A key part of
that discussion is whether to accept a probable but undesirable energy future, or
to pursue a more desirable, but also more challenging energy future.
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Summary of Scenarios:

Scenario Developer Target Year Scenario Name Scenario Description Type Main Drivers/ Normative Goals

A1 Family

High economic growth, technology
absorption 

A1F1 Family Emphasis on fossil fuel Explorative

A1B Family Balanced technology mix Explorative

A1T Family Non-fossil fuel technologies Explorative

A2 Fmaily Slow economic growth, self reliance Explorative

B1 Family Gloabalised economy, sustained
economic growth 

Explorative

B2 Family Economic growth slower, localised
solutions 

Explorative

Inter-governmental Panel on Climate Change 

Population changes, economic
growth, environmental quality,

equity, technology and globalisation
2100Special Report on Emissions

Scenario - 1996-2001 

International Energy Agency (IEA)

[1] 60% share of “zero carbon”
sources in total world primary
energy supply, by the year 2050.
[2] Reducing dependence of
oil in transportation sector by
less than 40% by 2050.
[3] Supplying electricity to at
least 95% of the World population
by 2050.    

Refer Normative goals. 2050 SD VisionSustainable Development
 Vision (2003) Normative

APPENDIX A: SUMMARY OF ENERGY SCENARIOS

This appendix summarizes numerous energy scenarios conducted by a wide range of organizations both qualitatively and
quantitatively.
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World Energy Outlook-2009 450 Scenario Refer Normative Goals Normative 450 ppm CO2 eqv. by 20302030

Conventional Worlds

Reference Explorative

Policy Reform Normative

Barbarization

Global Scenario Group 2050 Breakdown Explorative

Fortes World
Explorative

Great Transisition

Eco-communalism Explorative
New Sustainability Normative

Values, desires, knowledge,
 population, economic growth,
 governance, technology, etc. 

Strong economic growth, mid-range
population&  development projections 
and gradual technological change

Global Political and economic changes, 
growing populations, income inequity 
and persistent poverty, environmental 
degradation and technological 
innovation

Sustainablility vision achievable, 
powerful cooperation among 
state/community level actors

Stockholm Environment Institute

Three Exploratory Scenario
(2003)

Clean not sparkling Goal of global sustainability vision is 
missed, lack of appropriate technologies

Dynamic but careless
Increasing pressure on fossil resources, 
environmental threat, and technology 
options

Explorative

Bright Skies Long term sustainability and security of 
energy supply 

Population, Income, Energy Supply
and Energy Demand in two phases

2000-30 and 2030-50.
2050

Population, Economic Growth,
 Energy Prices and Technology World Energy Outlook-2009 Explorative2030 Business As Usual ScenarioReference Scenario
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Shell Scenario

2050 Scramble
Mandate driven abatement measures, 
externalities excluded. Explorative

Blueprints
Market driven abatement measures, 
externalities included. Explorative

Choices, prices, efficiency,
climate, water, innovation, and

 implementation, etc.  

World Business Council on Sustainable Development

FROG Economic growth accorded highest 
importance Explorative

GEOpolity International cooperation, lowered 
economic growth Explorative

JAZZ Social and technological innovations, 
global markets Explorative

Human response, values, and
beliefs, technology, innovation,

 population increase, etc.   
2050

 American Council- United Nations University*

Cybertopia

Open trade and increasing globalization, 
low government involvement, intensely 
developed communications and high 
security. Explorative

Millennium Project
The rich get better

Open trade, low government 
involvement, intense communications 
and low security. Explorative

A passive mean world

Isolation for global trade,
stagnant communications but high 
government involvement and high
security. Explorative

Trading places

Open trade, low government 
involvement,
intense communications but low 
security. Explorative

Normative world Normative

Major "dimensions": degree of
globalization, communications
technology, threats to global

security, quality of life,
government participation in

society

2050
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Canada- Energy Technology Futures 

Life goes on
Slow paced innovation, closed global 
markets, and grey environmental 
etiquette.

Grasping at straws

Slow paced innovation, green 
environmental etiquette, reasonable 
economic growth (about 2% annually), 
and open global markets. Explorative

Taking Care of Business
Rapid innovation, open markets robust 
economic growth (about 4% annually), 
and grey environmental etiquette

Come Together
Open global markets, rapid innovation, 
and high levels of environmental 
etiquette.

2050

Market conditions, rate of
economic growth, pace of

innovation, degree of
environmental etiquette

US Energy Information Administration

International Energy
Outlook-2009 2030 Reference Business as usual scenario Explorative Economic growth, energy price

(low, high, and reference) 

 Netherlands: Long Term Energy Outlook

Free Trade Thriving economy, competitive markets, 
close economic cooperation.

Ecology on a small scale
Non-material values and environment 
accorded greater priority, economic 
growth slow.

Isolation Policy driven by short term monetary 
gain,  no international cooperation.

Great Solidarity
International cooperation, 
environmental awareness, rapid 
technological development. 

Explorative
Level of cooperation between
states, economic growth and

environmental awareness
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International Energy Agency ( 2003). Energy to 2050: Scenarios for a Sustainable Future, Paris: IEA, OECD . 1:19-38, 53-55, 190-196.
International Energy Agency (2009). World Energy Outlook 2009, Paris: IEA, OECD. 1: 73-126
Shell International BV, (2009). Shell Energy Scenarios to 2050.
US Energy Information Administration (2009). International Energy Outlook-2009. 

United Kingdom Foresight Program

World Markets
High levels of consumption and 
integrated world trading systems and 
lack of sustainability vision.

Energy Futures
Provincial Enterprise

High levels of consumption, regional 
trading systems, lack of sustainability 
vision.

Global Sustainability Sustainability vision, high degree of 
international cooperation.

Local Stewardship Sustainability vision permeates into all 
tiers of economic and social system.

Explorative
Sustainability vision,

consumerist values, degree of
trading cooperation

Source: 
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Summary Predictions for 2050

Coal Oil Gas Nuclear Biomass Other Coal Oil Gas Nuclear Biomass Other Total
IPCC A1F1 186 214 465 123 193 167 1347 13.81 15.89 34.52 9.13 14.33 12.40 100

A1B 475 283 398 137 52 86 1431 33.19 19.78 27.81 9.57 3.63 6.01 100

A1T 119 250 324 115 183 222 1213 9.81 20.61 26.71 9.48 15.09 18.30 100

B1 167 228 173 105 95 46 813 20.54 28.04 21.28 12.92 11.69 5.66 100

A2 294 228 275 62 71 42 971 30.28 23.48 28.32 6.39 7.31 4.33 100

B2 86 227 297 48 105 107 869 9.90 26.12 34.18 5.52 12.08 12.31 100

IEA SD Vision 99.3 181.3 267.1 114.5 159 191.8 1013 9.802567 17.90 26.37 11.30 15.70 18.93 100

Shell Scenario Scramble 141 108 263 43 131 199 881 16.00454 12.26 29.85 4.88 14.87 22.59 100

Blueprints 157 122 208 50 57 175 769 20.41612 15.86 27.05 6.50 7.41 22.76 100

Summary Predictions for 2030
Model Scenario

Coal Oil Gas Nuclear Biomass Other Total Coal Oil Gas Nuclear Biomass Other Total
IEA-WEO Reference 4887 5009 3561 956 2376 16790 29.11 29.83 21.21 5.69 14.15 0.00 100.00

IEA-WEO 450 Scenario 2614 4250 2941 1426 3159 14389 18.17 29.54 20.44 9.91 21.95 0.00 100.00

US EIA- IEO Reference 190.2 106.2 152.2 155.5* 74.1 678.3 28.04 15.66 22.44 22.93 10.92 0.00 100.00

Primary Energy Mix (in percentage)

Primary Energy Mix (in MTOe) Primary  Energy Mix (in percentage)

Energy Mix (in Quadrillion BTU)

Model Scenario
Energy Mix (in EJ)

Total

* Actual figures quoted as 3844 Billion kWh. EJ: Exa (10^18) Joule; MToE: Million Ton of Oil Equivalent; BTU: British Thermal Units.

Source: International Energy Agency. (2003). Energy to 2050: Scenarios for a sustainable future. Paris: IEA, OECD. 1:19e38, 53e55, 190e196.

International Energy Agency. (2009). World Energy Outlook 2009. Paris: IEA, OECD. 1: 73e126

Shell International BV. (2009). Shell Energy Scenarios to 2050.

U.S. Energy Information Administration. (2009). International Energy Outlook 2009.
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 Summary Predictions for 2050

IPCC A1F1 8704 254.4 181.3 154.76 3.68 1.61 730.60

A1B 8703 230.5 164 164.43 3.91 2.34 820.90

A1T 8704 262.8 187.1 139.36 3.32 1.69 730.60

B1 8708 189.7 135.6 93.36 2.22 1.70 730.60

A2 11296 113.8 81.6 85.96 2.05 1.13 730.60

B2 9367 153.9 109.5 92.77 2.21 1.40 730.60

IEA SD Vision SD Vision 8704 243.4 173.2 116.38 2.77 1.15 9.99**

Shell Scenario Scramble 9100 96.81 2.31

Blueprints 9100 84.51 2.01

Model Scenario
Population
(in millions)

GDP/GNP
trillion  $
(2008 PPP
basis)

GDP/GNP
trillion  $
(1990 PPP
basis)   

World Average
Energy Use per
capita per annum
(GJ per capita) 

World Energy Use
per capita per
annum  (Toe per
capita) 

Emmissions
level per capita
(Tons per
capita)  

Emissions
level
(GTC eqv.) 

Summary Predictions for 2030

Model Scenario
GDP trillion $
(2008 PPP

Basis)

World Average 
Energy Use per 

capita per annum  
(GJ per capita)

World Energy Use 
per capita per 

annum  (Toe per 
capita)

Emmissions 
level per capita            

(Tons per 
capita)

Emissions 
level            

(GtC eqv.)

IEA-WEO Reference 8286 137 97.48 85.10 2.03 1.51 12.49**

IEA-WEO 450 8286 137 97.48 72.93 1.74

US EIA- IEO Reference 8327 137.48 97.82 85.94 2.05 4.85 40.385** 

Population
(in millions)

GDP/GNP
trillion $

(1990 PPP
basis)   

** Indicates noncumulative annual figure. Toe: Ton of Oil Equivalent; GJ: Giga Joule; 1 Toe ¼ 42 GJ.

Source: International Energy Agency. (2003). Energy to 2050: Scenarios for a sustainable future. Paris: IEA, OECD. 1:19e38, 53e55, 190e196.

International Energy Agency. (2009). World Energy Outlook 2009. Paris: IEA, OECD. 1: 73e126

Shell International BV. (2009). Shell Energy Scenarios to 2050.

U.S. Energy Information Administration. (2009). International Energy Outlook 2009. 6
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1. INTRODUCTION

This chapter1 begins by addressing the question: “Can we provide a decent
standard of living for 9þ billion people by 2050 on a sustainable basis?” One
could ask: “What is a ‘decent’ standard of living?” and, “How much energy is
‘needed’ to sustain a decent standard of living?”

Let’s be clear from the outset: sociologists and philosophers have difficulty
with such questions. Indeed, from what cultural perspective will these questions
be answered? Each culture defines in its own way what a decent standard of
living is or what the energy requirements for it are. Perhaps the most appro-
priate solution would be to focus first on the origin of the notion of need in our
civilization, which is the path we have chosen to follow.

1. We wish to thank Dr Mithra Moezzi (Portland State University), whom we asked to correct the

language of this chapter. Her remarkable competence and availability led to additional discussion

of the substance of this chapter, bringing valuable improvements to its final version.
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To reduce energy consumption, one could indeed be tempted to define the
notion of “needs”, to hierarchize and prioritize these needs in order to arrive
at energy demand, but such an approach leads to many difficulties. This
chapter addresses some of these difficulties from four perspectives, namely:
philosophy, psychology, anthropology, and sociology. In so doing, this
chapter attempts to continue the discussion initiated by Douglas et al. (1998)
who observed that “the present social science conceptualization of human
needs and wants sits awkwardly in the global climate change debate.” (pp.
259e260).

Section 2 of this chapter is devoted to a deconstruction of the notion of
“needs” in general and “energy needs” in particular. In Section 3, we recast
energy consumption and production into sociopolitical stakes and argue that
a local perspective is the best way to examine the links between energy
consumption and its environmental consequences. We will also discuss the
notion of a “decent” lifestyle.

Overall, we suggest that instead of looking only at energy needs and
demand from a traditional economic point of viewdwhich leads to significant
investments in the supply side of the equationdit is preferable to focus on the
energy sociopolitics directly involving the concerned actors. The participants
of a decision should be everyone who is implicated in this decision, for she or
he will have to support its consequences. This criterion is not from economics,
and can be endorsed only by a voluntary politics.

2. CRITIQUE OF THE NOTION OF “NEEDS” IN THE CONTEXT
OF “ENERGY NEEDS”

This section is devoted to a critical examination of the notion of “needs” in our
occidental tradition including the supposedly common and physiological nature
of “needs”, the misleading hierarchy between physiological and other human
“needs”, the so-called “needs” in production-oriented societies, and the ques-
tion of society’s roles in defining and answering human “needs”. We conclude
this section with a critique of the neoliberal consumerist society.

2.1. The Relativity of Physiological “Needs”

The notion of “needs” often implies that there exists a “human nature” resting
on a common biological reality that is universally shared. However, cultural
diversity and the variety of conceptions of the “good life” show the relativity of
“needs” and by so doing, raise questions about the very notion of “needs”,
understood as what life requires absolutely and necessarily. The misunder-
standing originates in the assumption that “needs” are objective and universal
whereas, as illustrated below, they are relative to cultural frameworks and
individual subjectivities.
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In the field of direct energy consumption, the importance of individual
variation has been demonstrated in a study of Lutzenhiser (1993), who notes
that in nearly identical buildings occupied by families with similar demo-
graphic characteristics, 200%e300% variations in energy use have been
reported.

Food and water consumption seem, at first glance, to be answers to phys-
iological “needs”danswers requiring a lot of energy in the production stage of
food as well as during transportation. Regarding water, however, Cohen (1995)
demonstrates that as with other natural constraints, limitations associated with
water strongly depend on human choices and time limits. These human
choicesdmade by those living today and their descendantsdpoint to the fact
that there is no universal definition of the water quantity each human should
enjoy.

Similarly, the UNFPA (1991, p. 72) as well as Bartiaux and van
Ypersele (2006) cite the study by the World Hunger Program (Chen et al.,
1990). According to this study, the planetary ecosystem could, in the
present state of agricultural techniques and with the share of foodstuffs
equalized, accommodate 5.5 billion individuals under good conditions, but
only if they were satisfied with a vegetarian diet. If these individuals
obtained 15% of their calories from animal products, as is generally the
case in South America, the tolerable effective total would fall to 3.7 billion.
The Earth could only accommodate 2.8 billion human beings if they
derived 25% of their calories from animal products, as is currently the case
with the majority of inhabitants in North America. The variations in these
figures clearly show that capacity depends on the definition given to an
acceptable diet.

Food production necessitates energy, and, furthermore, food items
differ substantially with respect to greenhouse gas (GHG) emissions when
these emissions are calculated from farm to table, taking into account
anthropogenic warming caused mainly by emissions of GHGs, such as
carbon dioxide (CO2), methane, and nitrous oxide. Agriculture is the main
contributor of the last two gases. Other parts of the food system contribute
CO2 emissions that emanate from the use of fossil fuels in transportation,
processing, retailing, storage, and preparation, setting aside additional
emissions as well as carbon capture deficit caused by deforestation to
grow animal’s food such as soy. In a recent study of 20 items sold in
Sweden, Carlsson-Kanyama and González (2009) showed a range of 0.4 to
30 kg CO2 equivalents/kg edible product. For protein-rich food, such as
legumes, meat, fish, cheese, and eggs, the difference in emissions is
a factor of 30, with the lowest emissions per kilogram for legumes,
poultry, and eggs and the highest for beef, cheese, and pork. Large
emissions for ruminants are explained mainly by methane emissions from
enteric fermentation.
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2.2. Deconstructing the Hierarchy of “Needs”

Were “needs” to be related only to the physical and metabolic nature of our
bodydwhich is not the case, as just showndit could be tempting to distinguish
between “primary needs” (to drink, eat, sleep, breath, take shelter, and cure
oneself) and “secondary needs” (to dress, to speak.), which would be more
superficial and have a lesser priority.

The psychologist Abraham Maslow has been a major contributor in the
development of the hierarchical approach to survival in anthropology and
Western thought in general. In his seminal work on the theory of human
motivation (Maslow, 1943), Maslow developed an approach to needs now
famous for its conceptualization in the form of a pyramid (see Figure 1).2 In this
perspective, he introduces a key distinction between physiological needs and
other human needs: security, socialization, esteem, and achievement. Doing so
helps build a narrow conception of “needs”, relegating survival to the solely
physiological level.

Self-actualization

Esteem

Love/belonging

Safety

Physiological

morality,

creativity,

spontaneity,

problem solving,

lack of prejudice,

acceptance of facts

self-esteem, confidence,

achievement, respect of others,

respect by others

friendship, family, sexual intimacy

security of: body, employment, resources,

morality, the family, health, property

breathing, food, water, sex, sleep, homeostasis, excretion

FIGURE 1 Maslow’s pyramid of needs. Source: http://upload.wikimedia.org/wikipedia/

commons/thumb/6/60/Maslow%27s_Hierarchy_of_Needs.svg/500px-Maslow%27s_Hierarchy_of_

Needs.svg.png

2. Maslow’s hierarchy from the base to the top of the pyramid is: 1) physiological needs (to eat,

drink, breath, sleep); 2) body security; 3) social needs (communication, expression, and affec-

tivity); 4) self-esteem within respectful relations; 5) implication; and 6) accomplishment and

personal evolution.
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Maslow’s seminal needs pyramid raises many problems: satisfying the
security “need” is necessary for satisfying “physiological needs” so both types
of “needs” are intermingled. Indeed, it has been proven that babies raised with
food but without love and words do not develop properly (Strivay, 2004 and
2006). Does this mean that language is a more fundamental “need” than food?
Are affective bonds a condition for physical survival?

Maslow thought that the physiological needs came first. Applying these
ideas in the energy field, one can justify the importance of energy production
and consumption as a primary “need” of our modern civilizations. This gives
a logical justification for saving energy and finding new means of energy
production, but fails to allow the energy-production system to be thoroughly
questioned and limits ability to think from another point of view.

An illustration of the inadequacy of such a hierarchization may be found
among the Cree Amerindians of the far north of Canada. Traditional territories
often radically change or even disappear because of a hydroelectric project
(James, 2001; Niezen, 1993, 1998; Roue, 1999; Scott, 1984). “Green” energy
production is favored by Canadian society to the detriment of transmission (to
the next Cree generations) of Cree hunting habitats, routines, and rituals. These
profound changes to territory are understandably experienced as traumatic
events. They affect the very foundation of history and thus the identity of the
Cree. An emblematic case that illustrates this situation is the Cree of James Bay
during the impoundment of the hydroelectric dam EM-1 (Bréda et al., 2008).
To construct this dam, and thus meet supposed energy “needs”, ancestral
territory is being submerged. In this case, the “energy needs” of one people,
urban dwellers of Montreal and New York, supersede the identity marker (the
ancestral territory) of another people, namely the native Cree. It implicitly
endorses a hierarchy of “needs” that are paramount: “energy” is more necessary
than “identity”. But which arguments could justify this hierarchy? Needs of the
others always seem weaker than the needs of the more powerful.

These choices should be made by democratic proceduresdwe later come to
this point in Section 3. Without democratic procedures or moral considerations,
the economic logic or the search for profit and particular interest may result in
conflicts, as first hypothesized by Marx, whose thoughts on “needs” are pre-
sented below.

2.3. “Needs” in Production Societies

Even if the Marxist concept of survival societies as opposed to production-
oriented societies lacks empirical basis, this concept is of great interest for this
chapter. Indeed, it highlights an important distinction concerning the opposition
of usage value and exchange value, as well as introduces “needs” as social
constructions aimed at supplying exchanges imposed by the necessity of
producing increase in value (Marx, 1845). So two notions are important to
remember: on the one hand, some “needs” are related to our physical survival
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and thus are not created, and on the other hand, production-oriented societies
manufacture an ideology of the “human rich in needs” to justify a logic of
overproduction of which consumption society is the most radical version
(Heller, 1978).

In his essay on the economics of primitive societies, Sahlins is the first truly
systematic critic of Marx on empirical grounds (Sahlins, 1972). For Sahlins, if
the hunter-gatherers did not produce and accumulate, it is primarily because
they did not feel the need to do so. It is therefore unnecessary to adopt
a production-oriented economy to have abundance; rather, simply by desiring
little, one can create abundance. In other words, survival does not necessarily
depend on production capacity, but on concepts that underlie the desire of
nonproduction and accumulation. The priority is given to the symbolic rather
than to the material dimension. Sahlins’ hierarchy then reverses Marx’s hier-
archy, at least for the societies Sahlins studies.

In so doing, Sahlins remains within the logic of Marx’s argument, because
survival remains rooted in a concept of physical reality. The prominence given
to the hierarchy of “needs” is symptomatic of an ethnocentric and western
concept of survival.

We later return to this consumption society and its implication for energy.

2.4. Society as a Response to Human “Needs”

According toMalinowski, a Polish anthropologist of the first half of the twentieth
century, institutions are the organizational means that human groups create to
meet their biological “basic needs” and their cultural “derivative needs”. The
objective of Malinowski’s theory (1944) is to study the function of culture by
examining how any culture defines and answers the “basic needs” of humankind.
Ethnology is, for him, the science of culture, which seeks to discover the laws of
social organization. Culture is thus the way humans adapt to the natural and
environmental conditions. Its functiondan important concept for
Malinowskidis to satisfy biological and social “needs”. A culture is a coherent
totality, an assemblage of institutions that are all, without exception, attached to
the satisfaction of a “need”. In his view, everything has a function in culture and
everything is linked seamlessly to best meet human “needs”.

For Malinowski, everything thus rests on the notion of “need”, and in
particular “physiological needs”. And these “needs” determine requirements
and create institutions and social practices. Institutions have functions that can
be isolated, and, according to Malinowski, these functions would be pretty
much the same in all societiesdfrom which he infers that all human societies
are reducible to a number of specific models related to these functions.
Malinowski’s functionalism assumes that a practice has to function to meet the
“needs” of individuals. But at the same time, it is always the entire society, not
its separate components, that responds to individual “needs”. For Malinowski,
culture is an undivided whole whose various parts are interdependent.
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In energy policy and research, this way of thinking is still quite alive: states,
and/or international institutions such as the United Nations’ organizations, are
seen as responsible for providing their citizens or members with adequate
answers to energy needs that are conceptualized as being individual. This focus
on individuals fits well with the way of thinking in economics.

However, some time ago, the social psychologist Paul C. Stern (1986),
uncovered “what economics doesn’t say about energy use”, in particular
because it “reduc[es] analysis of energy use to an application of economic
theory” by focusing almost exclusively on a limited set of determinants of
consumer behavior: prices and attention, the role of information, and the
investments in energy efficiency (Stern 1986). This economics paradigm causes
“blind spots in policy analysis” by ignoring “nonfinancial motives”, such as
consumers’ commitment to save energy, attitudinal factors and beliefs, and
“personal values concerning ‘voluntary simplicity’, beliefs about the effects of
temperature levels in the home on comfort and health, and a sense of moral
obligation to use energy efficiently.” (ibid., p. 207)

This economics’ focus on prices and decisions of end-users not only ignores
psychological variables, as criticized by Stern (1986), it also “has the effect of
excluding other questions about the social organization of energy consumption.
More than that, it has the effect of sustaining a view of the policy process as
pulling switches and juggling incentives so as to influence individual action”,
according to Shove et al. (1998, p. 301). These authors have been pioneers in
opening energy issues to sociological investigation, as shown with several
examples on energy below.

The British anthropologist Radcliffe Brown proposed an alternative to
Malinowski’s analysis, by comparing the different functions of culture as they
relate not to individual “needs” but to the ones of society taken as a whole: the
function of a particular social usage is the contribution it makes to society
conceived of as the operation of the entire social system.

Therefore, both Malinowski and Radcliffe Brown limit every society to
a response to human “needs”. Such a concept of society determines a sole
model of society whose unique function is to answer to human “needs”da
society of production and consumption.

A consequence of this systemic concept of society is thatdbecause of its
orientation to answering “needs”dit has crept into public politics as an
ideology that precludes fully questioning conventional habits of thinking. So,
in environmental matters, this analytical approach to the contribution
(“function”) of each component to the broader social system may limit
a more comprehensive approach of the whole social system and a reappraisal
of its objectives and habitual ways of thinking or doing. For example, in the
energy research field, the dominance of technological research in changing
schemes of energy production and consumption is not questioned, as in the
European Union’s Seventh Framework Programme (Moezzi and Bartiaux,
forthcoming). The focus thus remains on technical fixes mostly on the supply
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side of the energy equation, as opposed to the end-use and behavioral
aspects.

Similarly, on even more global questions of sustainability, the Agenda 21
(UNCED, 1992), states that, in order to “[develop] national policies and
strategies to encourage changes in unsustainable consumption patterns” (4.1)
“. governments, working with appropriate organizations, should strive to
meet the following broad objectives:

(a) To promote efficiency in production processes and reduce wasteful
consumption in the process of economic growth, taking into account the
development needs of developing countries.

(b) To develop a domestic policy framework that will encourage a shift to
more sustainable patterns of production and consumption.

(c) To reinforce both values that encourage sustainable production and
consumption patterns and policies that encourage the transfer of environ-
mentally sound technologies to developing countries.” (4.17).

So, the paradigm of economic growth is not questioned in these Agenda 21
objectives.

2.5. “Need”, Desire, and Wish

“Needs” are not static but instead dynamic. The “needs” dynamic is like
a spiral, because it is able to integrate new objects of desire as new
necessities, for instance new media of communication and quick trans-
portation, both requiring more and more energy per person. In other words,
new possibilities become new desirable objects and further necessities.
Peculiar wishes and “needs” seem to work within a logic of a more
fundamental desire that is usually translated into singular and various
“needs” and wishes, except when, being conscious of this structure of
desire, one applies oneself to break it, namely by spiritual means (such as
in Buddhist groups).

So “needs” related to our human condition are inseparable of the logic of
desire. Aristotle and Spinoza call it “perseverance” and Freud, “libido”. Arendt
(1958) underscores that the characteristics of “needs” that are related to our
corporeal condition makes them complex and underlies their evolving char-
acter: “needs” are not given at once but are related to our human condition and
to the conditions of our existence. Thus if a possibility appears, whether natural
or artificialdas in the case of Internet use or air-conditioning, further described
belowdand if it corresponds to a desire, this possibility is turned into a “need”
or even an addiction. For example, as new services or products are introduced,
such as air-conditioners, the Internet, mobile phones, or flat-screen TVs,
consumers take them for granted and demand them. Therefore, it is impossible
to completely separate desire and “need”, since desire focuses on new objects
that it transforms into “objects of needs”.
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Like the notion of “need”, the one of a “decent” lifestyle is worth thinking
over. Indeed, it is impossible to objectively establish what a decent life would
be as the answers and conceptions of a good life vary according to culture, time,
and even individuals within a period or society. Many parts of a societal system
may interact to produce needs that become less and less negotiable.

In the energy field, Shove (2003b, p. 399) illustrates this very well with the
example of air-conditioning and goes one step further by showing how the new
possibilities are invented and diffused by social processes. By doing so, she
clearly demonstrates that “energy needs” are socially defined and embedded in
a specific sociotechnical system made of building technologies, codes and
standards, social practices, such as siesta, and shared expectations about
a “normal” temperature that is adequate to answer to what is perceived as
a physical “need” of coolness: “The conclusions of scientific research are
embedded in codes and standards that are in turn reproduced in the built
environment and in peoples’ expectations of what it should be like. By rede-
signing homes and offices for air-conditioning, designers have condemned
homeowners and workers to an air-conditioned way of life from which there
appears to be no way back.” Shove compares this one-directional process to
a ratchet3 to which dressing practices contribute: “Sure enough, the suit (or its
thermal equivalent) has indeed become ‘normal’ wear all over the world and all
year round. Conventions of this kind further restrict the range of actions people
can take in making themselves comfortable, so increasing their reliance on the
uniform provision of standard conditions at home, at work, in the car, on the
train, and all points in-between. In this way, mechanisms of path dependent
ratcheting also foster standardization within and between societies.” (Shove,
2003b, p. 400.)

This sociological approach is thus far from “individual energy needs”
because it shows the sociotechnical construction of this “need for coolness”.
This construction is made through a convergence of technologies (here, air-
conditioning), social practices (building techniques, other type of windows,
e.g., Wilhite (2008), new ways of adequate dressing, and so on) and norms
(codes and standards as well as expectations on adequate temperature).

Another example of the social construction of “needs” is the following.
When American astronauts arrived on the moon in 1969, one place on Earth
was particularly visible at night: Belgium and its highways. This road network,
especially dense at the time, was the most illuminated in the world. This
collective habit of lighting the highways, as practiced in Belgium, is another
example of “energy needs” that were artificially created and collectively
integrated. This practice was developed in the 1960s to use excess nuclear
capacity during the nights. Consequently, this practice equalizes what would
otherwise have been low electricity consumption at night to be closer to daily

3. “I track the history of thermal comfort, using this to illustrate a path-dependent process involving

a ratcheting of energy intensity from which there is no obvious way back.” (Shove, 2003b, p. 397.)
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consumption. In doing so, it legitimizes a particular logic of power consump-
tion. Today, though, Belgium is no longer an exception, as highway and
nighttime illumination have dramatically increased in many countries.

Both examples indicate that if energy consumption is to be diminished,
one, two, or all three components of the sociotechnical system have to be
redefineddtechniques, social norms, and social practicesdin order to socially
recast normality in a way that reduces energy consumption. For example, for
building cooling/heating, what social practices (dress, schedule, and so on.)
and/or building techniques would save energy and how could they become
normal? This recasting may be compared to processes of social diffusion of
(new) practices or norms: the diffusion is either vertical, from the upper social
classes to the lower classes as studied by French sociologist Bourdieu in his
famous book on “distinction” (1979), or the diffusion is horizontal, and
comparable to contagion, with all social classes changing at the same time. In
environmental matters, such a horizontal diffusion occurred in Belgium in the
late 1990s for new practices of sorting household waste because all segments of
the population changed their routine at the same time (Bartiaux, 2007).

Bauman (2001) further discusses the notion of “need”within the framework of
what he calls a liquid society that he defines: “I chose the metaphor of ‘liquidity’
mostly because of one trait all liquids share: the feebleness,weakness, brevity, and
frailty of bonds and thus inability to keep shape for long.” (Rojek, 2004, p. 301).
In a liquid society, “The futuredthe realistic future and the desirable futuredcan
be grasped only as a succession of ‘nows’.” (Bauman, 2001, p. 22).

Historically, during the nineteenth century, Bauman shows that “need” was
“the very epitome of ‘solidity’dinflexible, permanently circumscribed and
finite.” Later, during the twentieth century, consumption, and thus production,
was driven by “desire, much more ‘fluid’ and therefore expandable than need”
(Bauman, 2001, p. 14). Now, in our liquid society, “to keep the acceleration of
consumer demand on a level with the rising volume of consumer offer”, desire
is replaced by wish as a motivating force of consumption (ibid.). With a wish,
“a want, a whim, an impulse (.) satisfaction is instantaneous (.) it is the
blissful instant of acquisition which is the contemporary consumer’s prime
mover.” (Rojek, 2004, p. 299).

Bauman identifies “a ‘mutual fit’ between consumer culture and the task
posed to individuals under conditions of modernity: to produce for themselves
the continuity no longer provided by society.” He therefore explores the new
forms of consumption formed by a shift from the functionality of needs to the
diffuse plasticity and volatility of desire, arguing that this principle of insta-
bility has become functional to a modernity that seems to conjure stability out
of an entire lack of solidity. These anxieties are “born of and perpetuated by
institutional erosion coupled with enforced individualization” (Bauman, 2001,
pp. 9 and 28). Put otherwise, “Happiness-named-consumption is a private
utopia (.) ‘deregulated’ and ‘depolitized’ (.) and ceded to individual
enterprise.” (Rojek, 2004, p. 309).
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He concludes that “To avoid confusion, it would be better to follow that
fateful change in the nature of consumption and get rid of the notion of ‘need’
altogether, accepting that consumer society and consumerism are not about
satisfying needsdnot even the more sublime needs of identification or self-
assurance as to the degree of ‘adequacy’.” (ibid., p. 13).

To sum up, according to Bauman’s conclusion, any initiative to save energy
should match both individualization and institutional erosion. Thus on the one
hand, it must be related to individual consumption behaviors, and on the other
hand, it must instantly provide consumers with an answer to their anxiety with
whimsical satisfaction. This is quite different from actual European awareness-
rising energy policies, which deal with comparison of energy labels on appli-
ances, or analysis of payback times of energy renovations, as indicated on the
new European energy certificate, which is issued for each private dwelling to let
or sell. As a matter of fact, neither environmental information nor customized
energy-saving recommendations provided after energy assessments seem to
themselves bring change in consumers’ practices or energy-saving renovations
works, as a comparative study realized in Denmark and Belgium has shown;
indeed, if information or advice to save energy are not embedded in social life
by being supported by the social networks of the receiver, they are not applied
(Gram-Hanssen et al., 2007; Bartiaux, 2008).

2.6. Summary

In the section above, we criticized the notions of “needs”, energy “needs”, and
“decent life”. The argument began with the fact that physiological “needs”,
even for basics such as food and water, are relative to a society’s way of life, as
illustrated by the number of persons the Earth could accommodate according to
the type of their diet, vegetarian or not. This relativity leads us to a wider
deconstruction of the hierarchy of “needs” that was first proposed by
psychologist Maslow. To define priority, “energy needs” has political stakes, as
illustrated by the hydroelectric projects in Amerindian territories. There is thus
neither a universal definition of “needs” that defines a “decent” lifestyle, nor
consequently a universal definition of “energy needs”: each society implicitly
or explicitly defines them and will probably have to do so in an explicit way to
meet post-Kyoto agreements.

To contextualize the notion of “needs” in production societies, we
summarized Marx’s concept, which dominated the twentieth century. For
example, functionalist anthropologists establish that the primary function of
society is to meet the “needs” of individuals or of the entire society itself. This
way of thinking is close to the one in economics with its focus on individual
agents, and it leads to ignoring nonfinancial motives as well as sociopolitical
factors.

Finally, “needs” are dynamic. They integrate new objects of desire as new
necessities supported by social processes such as building techniques, social
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practices related to work schedules, adequate dress, codes, standards, and
norms on adequate work environment, as illustrated by air-conditioning.
Furthermore, according to Bauman (2001), in our ever-changing societies,
desire is replaced by wish as a motivating force of consumption. With a wish,
satisfaction is instantaneous at the time of acquisition. He concludes, and so do
we, that “To avoid confusion, it would be better to (.) get rid of the notion of
‘need’ altogether, accepting that consumer society and consumerism are not
about satisfying needs”.

3. RELEVANT ELEMENTS FOR A REAPPRAISAL
OF CONSUMPTION POLITICS

This section brings together several concepts that we find useful in answering
the criticisms of “needs” and “energy needs” offered in the previous section.
We focus on a few building blocks that enable a reappraisal of energy policies
without being grounded in the notion of “energy needs”. They include
a reference to our common human condition, a call for social and cultural
diversity, the paradigm of climate justice, the crucial role of local energy
policies, and an inverse scale of permissibility.

3.1. Our Common Human Condition

Lifestyle diversity and the variety of concepts of the good life lead to the
acknowledgment that we share a common human conditiondrather than
a common human naturedwhose conditions are peculiar to each society and
define the social-historic (Castoriadis, 1987) or specific societies. The human
condition enables us to define “needs” through a minimal set of what cannot be
absent: no human being could stop eating, sleeping, desiring, or loving. But it
seems impossible to positively define these “needs” such as the necessity to
absorb this quantity of calories per day and per person, to sleep that number of
hours. society institutes these criteria itself and in so doing, society institutes
itself. Therefore, it is impossible to define a priori what it means for the society
in question to satisfy human “needs”. This introduces a policy dimension of the
notion of “needs” via its normative dimensionda requisite and “an obligation
to provide”dand thus “needs” correspond to rights, to which society should
answer (Soper, 2006, p. 355 et seq.).

In the same way, the notion of “decency” or adequacy that underlies the
present book requires further precision because, as discussed above, this notion
does not make it possible to establish one lifestyle that would be acceptable by
everyone. Choices and priorities may vary according to individuals, cultures,
and periods. Evidently, individuals, cultures, and periods define for themselves
their own lifestyles in very different manners, and characterize them as decent
according to various criteria. An adequate or decent life might be variously
defined as enjoyable, interesting, respectful, dignified, moral, entertaining, and
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so on. So, in terms of energy consumption, some will define a decent life as
a life with low consumption of energy whereas others would not accept as
decent this definition of a good life; it would seem austere to them. This
definition of a lifestyle is valid only for those who choose their lifestyle for
themselves; it cannot be decided for others. These lifestyles must be defined
while respecting global and local ecological constraints. We need to move away
from extravagant wasting as well as frivolous and myopic choices attached to
a particular era, from the industrial revolution to the current green revolution,
that ignore what precedes or follows it.

The question is how to have this constraint accepted by those who want to
remain in a selfish and expensive lifestyle. (See the failure of Copenhagen
summit.) A frugal but decent lifestyle must be accepted by all segments of
population and this lifestyle must be sustainable according to the given context,
for example, ecological and social constraints when it comes to energy costs.
Current ecological conditions must enter into the determination of whether our
choices on lifestyles are decent for ourselves, our contemporaries, and for
future generations.

On the contrary, and when it comes to establishing for others (and not for
oneself) what a decent life is, it is clear that this decent life has to take into
account certain physiological functions as priorities: food, hygiene, security,
and so on. In other words, a decent life for those others could be one that would
allow them to feel free enough from the satisfactions related to the “naked
life”dthat life on which rests the possibility of giving and choosing meanings,
and that could be characterized as secure for the maintenance and reproduction
of life.

As an example, energy policy in Wallonia, the Southern Region of Belgium,
includes several social measures, among which the gas and electricity utilities
are prohibited from interrupting delivery of gas or electricity to their debtor
consumers during winter because access to warmth is seen as a condition of
a decent life (the details of the procedures are explained in Énergie Wallonie,
2008). If it is impossible to know which priorities individuals would specify for
their lifestyle, the alternative is to guarantee a minimum threshold.

For example, if there were personal electricity quotas, a person could
choose for herself to use her quota to play games on the Internet rather than to
cook a meal. But this person can make this choice only for himself/herself.
When the choice is to be made for others, the question of meanings and
significance must remain open in such a way that every group and every
individual has different possibilities from which to choose.

3.2. Individual and Collective Changes

So claims, expectations, or “needs” should be understood as having an
objective dimension on the one hand (for they focus on specific objects) and
a subjective dimension on the other handdsince the human condition is
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characterized by desire. This is because what one person judges as superfluous
another may see as necessary, for example, in the case of saving on food to buy
electronic devices. It seems misguided to reduce “needs” in an authoritarian or
paternalist way, even while paternalistic measures might be applied transiently.

In environmental matters, the creation of a feeling of obligation as well as
public infrastructure to enable fulfilling this obligation made behavioral change
possible for sorting domestic waste during the 1990s in Belgium (Bartiaux,
2007). This obligation also relieved the consumers of making individual
choices that would conflict with what they perceived as social normality. This
positive aspect of many mandatory and relatively environmentally-friendly
measures is often overlooked by policymakers.

Another solution for relieving consumers from making individual choice is
to have the green option by default, as demonstrated by Pichert and Katsiko-
poulos (2008) in four experiments that show that people use the kind of elec-
tricity that is offered to them as the default. These authors conclude that
changing defaults can be used to promote pro-environmental behavior.

But these mandatory containment measures may also awaken the desire for
transgressing them, as seen, for example, in the difficulties in respecting the
obligation to wear safety belts in private vehicles.

Other than mandatory measures, only voluntary limitation of “needs” and
desires can have much effect when it comes to changing energy-related
practices. Of course, authoritarian and paternalistic measures for saving
energy may be considered on a temporary or even very short-term basis and
still have an educational effect. However, to last, these changed practices
should have a convincing justification in terms of what individuals can
identify with, such as to be a good citizen, a respected professional, an
adequate parent, and so on, which may be developed very quickly when
people are obliged to modify their habits (Bartiaux, 2002). But given the
structure of desire, only individuals or collectives themselves can trigger
a sustained decrease in the hunger for energy, especially as society calls into
question any fundamental heteronomy.

One solution would be to provide access to certain uses under certain
conditions, such as using the seat belt when flying. Nobody obliges us to fly, but
if we do choose to fly, then the conditions established by a collective can be
imposed on travelers. In this respect, energy prices could include additional
taxes for dealing with energy poverty, installing new infrastructures for
producing renewable energy, and so on; this tax could be progressive,
increasing with the quantity of energy used.

It would be better to readjust our “needs” on an acceptable scale for both the
present generationsdwhich must accept a diminution of current con-
sumptiondand future generations, who will have fewer resources. The choices
of present generations should not mortgage the choices of future generations:
for example, they should not choose irreversible uses of nonrenewable energy
resources.
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But how can we reduce levels of desires that are very expensive in terms of
energy, either during production or through disposal of their unwanted effects,
such as nonrecyclable waste? Provided that frugality and austerity are not
wanted for their own sakes but rather to constrain frivolous behavior, several
methods can be implemented. Quotas have the great benefit of quelling the
illusory sense of infinite availability of energy. They allow the imposition of
choices that are mutually exclusive; for example, either use a household
appliance or water the lawn. Furthermore, they highlight the futility of certain
behaviors where only the enjoyment of the finished product is beneficial and the
other aspects of the life cycle are costly. For example do we want to enjoy
a mobile phone, but not suffer the fumes resulting from reprocessing?

3.3. Diversity of Social and Cultural Ways of Life

Although there are neither unique nor worldwide definitions of “need”, glob-
alization of the economy and extensions of western lifestyle have made
“needs”, and how they are met, converge worldwide. For example, Shove
(2003a,b) shows how air-conditioning is increasingly replacing traditional
building techniques and traditional social practices such as the siesta: “Like-
wise, those who work in uniformly controlled climate conditions have no
‘need’ to pause for a siesta during the heat of the day. The fact that the siesta is
in decline, even being officially banned in Mexican offices in 1999, is thus
a compelling illustration of the extent to which whole societies have come to
take a year-round pattern of a nine-to-five working day, and mechanical
cooling, more or less for granted.” (2003b, p. 399).

A suggestion to thwart worldwide trends leading to escalating energy
consumption is made by Shove (2003a, p. 199): “[E]nvironmentalists should
argue for social and cultural diversity. They should do all that can be done to
engender multiple meanings of comfort, diverse conventions of cleanliness, and
forms of social order less reliant on individual modes of coordination.”4

Traditional building techniques are indeed culturally diverse. “If one begins
to think green in a locally appropriate way, one will realize that traditional
architecture was green in many ways. Every part of India had its unique stamp
of buildings. This is because creative and architectural diversity was built on
biological diversity. So buildings in hot regions would ensure corridors directed
the wind so that it naturally cooled the interiors. (.) Today, Indians have
forgotten how to build for their environment. Instead, modern buildings are
examples of monoculturesdlifted from the building books of cold countries
where glass facades are good to look at and appropriate for their climate. The
same building in India is a nightmare; the glass traps the heat.” (Narain, 2010).

4. These individual modes of coordination often require car use and appliances such as freezers

and dryers to save time. For example, day care centers at workplaces would reduce car use as an

individual mode of coordination.
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With the example of Kerala in Southern India, Wilhite (2008) underscores
that imported technologies such as refrigerators bring along “scripts”dtheir
way to be useddand so potentially reframe practices and social representations
(on good food, on women’s paid work, and so on) to the extent that they are
consistent with other social changes. So Shove’s call for more social and
cultural diversity around the world faces another obstacle in the agentive
capacity of bringing about change of some technologies themselves.

3.4. Climate Policies and Social Justice

Making policy links between social cohesion and sustainability objectives such
as climate mitigation policies, is a new challenge, both in the academic world
and in policy arenas of all levels, including European Union institutions. Pye
et al. (2008) did pioneering research in “addressing the social dimensions of
environmental policy” and studying “the linkages between environmental and
social sustainability in Europe”. They showed that “environmental policy
interventions are likely to be regressive unless designed to mitigate such effects”,
for example by “increased social benefit payments to vulnerable groups, targeted
subsidies for improved home insulation or energy-efficient products (e.g., the
U.K.’sWarmFront Scheme) or general subsidies for public transport.” (ibid., p. 6).
Several policy instruments to alleviate and fix energy poverty are detailed by
Boardman (2009) and many policy recommendations to find “the right balance”
between climate change mitigation policies and social justice policies in Europe
have been defined in a recent conference (King Baudouin Foundation, 2010).

The following paragraphs present two different concepts on how climate
mitigation policies or environmentally-friendlier practices could be linked with
social justice objectives. The first concept is voluntary and deals with more
affluent consumers, whereas the second is mandatory and includes all
consumers of the given political unit (i.e., country).

Soper (2007) theorizes a concept of “alternative hedonism”, where new
practices of affluent consumers, such as biking instead of driving a car, or
eating organic food, arise as self-interested forms of disaffection with
“consumerist” consumption. These affluent consumers themselves revise
thinking about the “good life” and what is conducive to human flourishing and
personal fulfillment. Soper argues that this “alternative hedonist” framework
might “help to set off this relay of political pressure for a fairer global distri-
bution of resources.” (p. 223.)

Soper is probably overestimating the political impact of these affluent
consumers around the world and their individual actions within this “alternative
hedonism” framework. Voluntary actions of affluent consumersdsuch as
occasionally bikingdwill certainly be insufficient to substantially and rapidly
reduce their carbon footprints.

Individual carbon rations are a much more binding arrangement and
therefore would probably be more effective if important energy savings had to
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be obtained. The main features of carbon rations or quotas would be the
following: equal rations for all individuals, tradable rations, progression
reduction of the annual ration, signaled well in advance, personal transport and
household energy use included, and being a mandatory, rather than voluntary
arrangement (Fawcett, 2005; see also this book’s Chapter 4, by Meyer et al.).

Should such carbon quotas be implemented, their amount and their evolu-
tion should be debated in democratic ways in different fora such as the
Parliament, perhaps in representative councils on sustainable development, or
suchlike. For example, with the support of empirical data, Pett (2009) raises the
following question: “Is an equal carbon allowance equitable for those with
chronic diseases, who are always home and need high levels of warmth?”
Before getting to that stage, many issues on the procedure remain to be tested
(Fawcett et al., 2007), for example, should the allowance be per household or
per individual? If by household, which proportion of the allowance should be
granted per child?

3.5. Policy at a Local Scale with Visible Consequences

Furthermore, this notion of “needs” is like a mirror. We also identify ourselves
as having such a “need” by telling what we need something for. The definition
of needs is specular in the sense that it reflects both the subject that defines the
object of “need” and the defined object of “need” itself. The question of needs
cannot end at: What do we want? It must also involve the topic: Who do we
want to be? It should thus be possible to regulate the pretentiousness of our
claims about needs by raising the question of what we want to be, or preferably,
who we want to be, whether as individuals or societies. These questions are to
be locally answered. Indeed, the definition of identity and common goals for
a good life cannot be conceived on a large scale, but only for small and
medium-sized groups. The envisioned dialogue should not be about the set of
values shared, but rather (only) about the environmental costs of particular
standards of living and foreseeable consequences of those options, even
recognizing that not all consequences of our actions can be predicted.

Couvin, a small town in Belgium, illustrates this point. One windmill with
three specially-profiled blades produces an average of 450 kW, enough to
power half the local households. The project is novel in its local and social
characteristics, and is a result of briefings and field visits as well as innovative
technical design conceived to eliminate any mechanical noise. The total set up
cost is V2.8 million, according to the citizen-owned company Greenelec
Europe. This one time amount includes V370,000 funded by the European
Union and the Walloon Region. The balance is funded by bank loans and
citizens from Couvin. It is an interesting example of citizens of a small town
aspiring to become major producers of energy.

“Being both a producer and consumer is the best way to regulate the
market” says Bernard Delville a citizen-sponsor of the project. “The problem is
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the same as for food: it is the problem of intermediaries. Relocating the
production of renewable energy offers many opportunities. It is an argument
that we have been defending for a long time.”

This approach is a quite different strategy from the current binary approach
to energy: either macro-production settlements (nuclear, hydroelectric, etc.), or
individual devices such as photovoltaic panels in the U.K. (Keirstead, 2005), or
small windmills in Sweden (Tengvard and Palm, 2009). “Today, two windmills
per village would be sufficient to produce all residential electricity for Wallonia
or 15% of overall consumption”, says Jean-François Mitsch, a citizen involved
in the Couvin project.

Local authorities seem to be a relevant locus for these debates, which could
be framed by national governments with the following principles: local
production of renewable energy, without causing troubles for neighboring
municipalities, and with democratic procedures to guarantee that if energy
production did increase, the local community would have to assume its
potential harmful consequences. Furthermore, local authorities should become
key actors in energy production (Cose, 1983; Tatum and Bradshaw, 1986; Hoff,
2000; Mesbah et al., 2007; Farrell and Morris, 2008).

These debates would have the advantage of recasting energy consumption
and production as matters with clear political stakes (Morris, 2001). Indeed,
energy production is typically made invisible and seemingly infinite. In Europe,
when an energy shortage occurs, compensation is immediate as grids are
interconnected. In addition, parts of energy-production costs are not quantified:
for example, what is the cost of nuclear waste that will remain substantively
radioactive for several thousand years? People do not see a stockpile of oil or
coal dwindle as they turn on their appliances, and are typically unaware of how
much energy they use, how much carbon this usage emits, and so on.

Therefore, we argue that what’s at stake with energy use should be made
visible and practical again, by situating energy production at the local level.
That would mean, for example, that if citizens want more electricity, they
would have to accept additional windmills or a depository of a proportional
quantity of nuclear waste within the municipal territory. Awareness of links
between energy claims or demands and their visible consequences would then
be immediate. Bringing new knowledge from practical (and hidden) to
discursive (and explicit) consciousness has been identified as a necessary
condition for bringing about change in energy consumption (Hobson, 2003,
following Giddens, 1984).

Linking energy consumption to the visible and potentially harmful conse-
quences of energy production is in line with the “inverse scale of permissi-
bility” (Jonas, 1980; Frogneux, forthcoming). This scale argues that an
innovation should be legitimate only if its originatorsdthose who are able to
understand its stakes, who are motivated by this innovation, and who may
benefit from it either directly or indirectlydapply this innovation for their own
selves and their own children. In other words, no innovation or technology can
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be defended if the ones who understand it, benefit from it, and are motivated to
develop it do not assume its consequences. By so checking the originators’
integrity, it would be possible to better protect ourselves from immoral politics.

This is a remarkably practical way to check that the enlarged mentality for
an equitable justice is at work when a technological option is considered or
when a costly option in terms of energy development is taken. Several
philosophers, from Montesquieu (1748) to Rawls (1971), have argued that to
use a “thought experiment” in which one adopts another point of view than
one’s own is an effective way of broadening the terms of debate and of
simulating having a collective decision based on the highest number of parties
or persons. This argument suggests that one’s judgment is only valid if it
receives the agreement of someone else who is situated in another socio-
economic position, in another place, in another culture, in another time, or in
another health condition. Without pretending to have a universal point of view,
it is possible to proceed from one point of view to the next one to develop
a broadened judgment and to aim at a universal position. In such a way,
decision-makers would no longer decide based on their own interests. If it is
expected that a decision considered today would meet the disagreement of
future generations, this decision should not be taken, even if the temptation is
strong and there is low risk of disapprobation during the decision-makers’
lifetimes. Of course, this method to enlarge the decisions to all implied persons
does suppose a moral concern.

The inverse order of permissibility is another method for evaluating the
distributive justice of the various options under consideration. If those who
have the greatest economic interest in an option (for example nuclear) are not
willing to suffer the effects of this process from its beginning to its end (to live
near power plants, to live near nuclear waste, accept that their children live near
nuclear waste, and so on), then this option should be either dismantled or not
developed any further. Indeed, to assume a responsible energy choice is to
accept to take in all its aspects and its ultimate consequences. If a technology is
acceptable only if it is to be exported and if it is chosen by those who do not
experience its worst effects, then this technology should not be developed.

3.6. Summary

In this section, we have tried to answer our own criticisms of the notions of
“needs” and “energy needs” by presenting a few building blocks for reframing
energy policies other than with this notion of “energy needs”.

The first and perhaps most important point calls out our common human
conditiondrather than a common human naturedwhich is peculiar to each
society and should be defined accordingly, possibly with an international
mechanism to avoid free-rider societies or states. Defining the minimal
conditions in reference to our human condition also means that a given society
must clarify what a “decent lifestyle” is, along with its consequences in terms
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of energy policy; for example, a right for enough warmth during winter, even
for consumers who are unable to pay for it. When defining a “decent lifestyle”
for others, the priority physiological functions must be taken into account and
a minimal quantity of energy must be granted. In addition, meanings and
significance must remain open and allow different possibilities among which to
choose.

We then turned to the question of how to reduce our “needs” to an
acceptably low but sufficient level for present as well as future gen-
erationsdknowing that no exact estimation is possible given the uncertainty of
accumulated consequencesdand compared self-selected restrictions to
imposed and mandatory measures. We note that mandatory measures may offer
relief to consumers by ensuring that individual choices would not conflict with
social normality. Other policy instruments mentioned are offering the greenest
options as defaults, quotas, and access to certain uses on certain conditions.

Another building block noted is the call for social and cultural diversity in
the definitions of normal lifestyles that respect ecological constraints. Long-
standing traditional building techniques, for example, are often less energy
demanding in terms of regulating indoor temperature than are newer ones.

Furthermore, energy policies should, in our opinion, engage with a para-
digm of climate justice, which links social cohesion policies and sustainability
issues, namely climate mitigation policies. Indeed, environmental policies are
likely to have adverse effects on social cohesion unless they are designed to
mitigate such effects.

We then argued for local energy policies discussed and partly designed by
citizens in democratic debates to reframe energy consumption and production
in terms of political stakes and to make visible the consequences of energy
production. Local energy policies should favor and implement local production
of renewable energy, without causing trouble to neighbor municipalities, and
with democratic procedures to guarantee that energy production will not
increase. Two methods to guarantee democratic procedures were presented: the
inverse scale of permissibility and the broadened point of view aiming at
a universal position.

CONCLUSIONS

In this chapter, we investigated the question of “energy needs” and of “decent
lifestyle” and their social and cultural preconceptions. We have acknowl-
edged on one hand that there are “biologic needs” related to every human
existence and, on the other hand, that these are radically relative, historically
and culturally. Therefore, it seems misguided to try to define “needs” as
a particular set of objective conditions, which means neutrally and validly for
others; this impossibility explains why we prefer to speak about human
condition rather than human nature. A consequence of this observed relativity
is the impossibility of defining as frivolous certain choices that a person or
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collective might make for themselves and consider an absolute necessity
(e.g., to play games on the Internet rather than to prepare and eat a meal).
The logic of “need” is never far from the logic of desire and wishes, and
resists external constraints, even if they are collectively imposed and
accepted, as illustrated by infringements of traffic codes. What makes the
difference between survival defined as satisfying physiological necessities
versus a life that is human (possibly in an austere way) and respects the
environment and available resources may be the possibility of choosing for
oneself diminished “needs” that are assumed as meaningful and not only as
constraining. The autonomy principle defines the difference between physical
survival and austere life.

In negotiating this relative necessity of “needs” with the paradox of the
choices to be made for others sensu stricto, should only the concerned persons
make this choice for themselves while respecting the global ecological
constraints? This seems to be the challenge of the contemporary world in
dealing with the management of energy demand. Below we try to provide a few
elements of solutions that could be both efficient and acceptable, in order to
progress toward the dual aims of reducing nonrenewable energy consumption
and in reducing social and economic inequalities at a global level and within
countries. To be realistic and therefore more readily acceptable, energy policies
should also take into account two contexts. First, they should take into account
the points of view of those choosing measures of common restriction, who
would strive to make these chosen measures respected. And second, they
should take into account the individualistic contexts in which these collective
measures would be imposed, which in turn points to the relevance of including
individual measures in energy policies.

Would individual and tradable carbon quotas or rations allow both these
dimensions to be respected?

Following Fawcett (2005), carbon quotas are interesting in that the points of
departure to calculate them refer both to global energy demand and ecological
criteria. Carbon quotas would be attributed to individuals (children’s quotas
would be managed by the responsible adults). They could be annual and
initially calculated at the scale of a given country and according to various
elements of context (transportation means, climate, etc.).

To be acceptable, restrictions of carbon quotas should be progressive, as
proposed by Fawcett (2005). This characteristic should enable both a sustain-
able change of behaviors (and maybe of representations) and a progressive
acceptability and motivation toward measures initially imposed or, in other
terms, a transition from heteronymous restrictions to autonomous restrictions
(even if they make sense to some people for other reasons than the ones initially
motivating this policy measure).

Although these carbon quotas would have to be imposed, they could
become accepted by the citizenry, since they allow an adjustment of one’s
“needs”, both on their “quality” and their “quantity”. From a qualitative point
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of view, everyone would be allowed to establish their own preferences on how
to use the quota and whether to use it completely or not; on a quantitative point
of view, everyone would be entitled both to sell or buy carbon rations on
a carbon market and to produce renewable energy on a autarkic waydperhaps
adding this production into the quotas, or instead using two distinct accounting
systems (one for the carbon quotas, another one for the energy produced).

But the rules of the market risk favoring both overconsumption by most
affluent people and impoverishment of poor people if carbon prices are low.
Therefore, it could be necessary to correct this functioning by foreseeing quotas
that would be managed by public authorities for other energy policies such as
energy-saving infrastructures and research on these matters, as well as for
others (such as people at risk who would sell their entire ration to survive, or for
those who could not manage this system on their own). An additional mech-
anism could be taxation, potentially progressive, on transactions when buying
additional carbon rations. Furthermore, these two mechanisms could be
extended to reduce social and energy-related inequalities between countries.

Of course, the persons who impose these carbon quotas (and who are able to
understand the stakes and the interest of these quotas) would have to be the first
ones to respect them according to the inverse scale of permissibility and the
most vulnerable people will be the last ones to be hit.

These are only a few ideas that should be investigated and specified with
actual and simulated estimates on energy consumption. If they are supple-
mented by adequate collective infrastructure (public transportation network,
possible district heating, etc.), individual carbon quotas would indeed be a way
of implementing the phrase often attributed to Mahatma Ghandi “Live simply
so that others may simply live”.
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1. INTRODUCTION

Consequences of global warming are appearing much faster than assumed just
a few years ago and irreversible “tipping points” are a few years ahead (IPCC,
2007; Hansen et al., 2008; Kopp et al., 2009). So far, strategies for mitigation of
global warming have mostly focused on technological solutions, for example,
renewable energy sources (RES) on the supply side and energy efficiency on the
demand side. Much less attention has been given to potential contributions from
changes in lifestyles and alternative economic, institutional, and social systems.

The progress of international negotiations on mitigation of climate change
due to global warming has been slow, insufficient, and hampered by contro-
versies between industrial and developing countries. The latter demand that the
industrial countries commit themselves to much more ambitious reductions of
greenhouse gas (GHG) emission in the short term than those proposed at the
United Nations (UN) Conference of Parties in Copenhagen in December 2009
(COP15). They are supported by scientific analyses that point to the need for
a reduction by 2020 of 40% in the industrial world compared to the 1990 level
(Hansen et al., 2008), while the offers from industrial countries in total amounts
to less than 17%. This underlines the need to make lifestyle changes in the rich
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countries part of the solution and implies the need for changes in economic,
institutional, and social systems.

Despite long and tedious preparations for COP15, the final result
(Copenhagen Accord, 2009) lacked sufficient concrete commitments for
reduction of GHGs after 2012 when the Kyoto Protocol expires. Moreover, the
“Copenhagen Accord” is not a binding international treaty, but an offer of
cooperation that individual nations can choose to support. In addition, only
loose intentions and goals without concrete policy means were included con-
cerning the financing for a Green Fund and other means to support mitigation of
climate change and adaptation to the unavoidable consequences in developing
countries. A specified goal of a maximum of 2� C increase in global mean
temperature was included in the Copenhagen Consensus but concrete policy
means were missing. Recent analyses indicate that this goal will require that
about half of present fossil reserves, especially coal, should remain under-
ground (Meinshausen et al., 2009). No reference to such a requirement was
even mentioned in the Copenhagen Accord.

Human activities in their present form are strongly dependent on the supply
of energy for heating and cooling, electric equipment, transport, food and
industrial products, and other services. A dominant part of the global energy
supply is based on fossil fuels and a dominant part of the climate change is due
to emission of carbon dioxide (CO2) from the use of fossil fuels. For simplicity,
this chapter focuses on CO2 emissions from fossil fuels as a dominant
contributor to climate change, but CO2 from deforestation as well as methane
(CH4), laughing gas (N2O), and a number of industrial GHGs should be
included in a more comprehensive analysis.

If the global energy supply system including fuels for the transport sector
was completely based on RES most of the problems in relation to climate
change could be eliminated. However, even the most optimistic energy experts
do not expect this to be the case before the second half of this century, if then.
This may well be too late to avoid serious disruptions of the global climate
system, likely to be accelerated by exceeding the so-called “tipping points”
with positive feedback effects and irreversible consequences. One example is
the release of large quantities of the potent GHG CH4 now frozen in tundras in
arctic areas. New data from 2010 point to an accelerating increase in the CH4
concentration in the atmosphere since 2007 (Dlugokencky and Nisbet, 2010).

It should be added that in practice the global potential of RES for energy
supply is not unlimited and not without environmental impact. With a growing
world population and a growing demand for energy services, the practical
potential for supply systems based on RES will eventually meet its limits
(Trainer, 2001).1 Furthermore, even if a clean and infinite energy source

1. See also this book’s Chapter 5 by Ted Trainer.
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became available, this might lead to an unrestricted exploitation and pollution
of nature with significant losses of natural habitat and biodiversity.

This chapter will focus mainly on future nontechnological strategies for
mitigation of climate change including addressing such questions as national
and international equity, limits to growth, population policies, alternative
employment policies, and alternatives to the traditional GDP concept as the
dominant indicator of welfare and of sustainable development.

It should be stressed that this chapter is focusing on developments in
affluent countries, such as those in OECD, with the aim of leaving more
environmental space for the less developed countries, where growth in material
living standard is often a more pressing goal. The general concept of sustain-
able development includes a number of other elements besides energy.
However, this chapter focuses on the policy means for sustainable energy
development.

Section 2 describes the driving forces behind the climate change and
Section 3 analyses how to counteract these driving forces by a number of
different policy means. Special attention is given in Section 4 to the concept of
limits to growth and its consequences for employment policy. Section 5
describes the shortcomings of the present economic system in relation to the
promotion of a sustainable energy development. The chapter’s conclusions and
recommendations are lastly presented.

2. DRIVING FORCES FOR CLIMATE CHANGE

The main factors behind the present climate change may be described by the
following simple equation:

I ¼ P � A � T

where I denotes the impact on the environment, P is population, A is affluence
in the sense of general consumption per person, and T is a technological factor
representing the ecoimpact per consumption provided (Ehrlich and Holdren,
1971). These factors enable one to evaluate solutions for mitigation of the
climate change.

The debate about this equation has been dominated by disputes about which
one of the factors P, A, and T is mainly responsible for the environmental
problems and hence holds the key to a potential solution (Chertow, 2001). As
a matter of fact, growth in any one of these three factors will tend to push
upwards the total impact, while a decrease will have the opposite effect. In
affluent countries, solutions are almost as a rule sought in the T-factor, while the
two other factors are ignored or even encouraged to grow.2 However, with the
acute challenge of climate change and the recognition of overall limits to

2. See also this book’s Chapter 5 by Ted Trainer.
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growth, it is necessary to consider all three factors as summarized below while
more details are given in subsequent sections.

l Population growth: Over the last five decades world population has grown
from about 3 billion to around 7 billion. Most of this growth has
occurreddand still occursdin countries with a low CO2-emission per
person. However, in a future where people in these countries are expected
to improve their material welfare, the number of people will play a signifi-
cant role in global environmental problems.

Political and religious taboos prevent debate on how to handle the population
issue, which fortunately is characterized by a large flexibility in options over
the long term. This should be taken into account in political strategies for
mitigation of climate change, as described in Section 3.

l Lack of equity: Lack of economic equity nationally and between nations is
an important driving force for economic growth in spite of the fact that
in many countries economic growth has actually resulted in less equity.
At the same time, economic growth in its present form creates a number
of problems for sustainability. This complex coupling between inequity,
economic growth, and sustainability is often overlooked in international
negotiations concerning sustainability.3

l Vested interests: Energy production sectors engaged in oil, gas, and coal
exploration, and traditional electrical utilities have invested large sums in
infrastructure including drilling, mining, extraction, refining, and distribu-
tion of fossil fuels and in energy production plants primarily based on fossil
fuels. As a consequence they have no interest in reducing the demand for
their products or any change in the status quo when mitigation of global
warming requires exactly this sort of intervention.

l Liberalized markets: Commercial markets typically have relatively short
time horizons, for example, demanding less than five years payback time
for investments. In contrast to this, desired radical changes of the energy
supply systems require planning horizons of 50 years or more.4 If this is
not taken into account, shortsighted investments based on market competi-
tion may block necessary long-term solutions. Investments in new coal
plants without carbon capture and storage (CCS) and in oil production
from tar sand are examples of this. New systems thinking is needed, in
some cases requiring that planning and promotion of investments in vital
sectors are transferred from the commercial market to government institu-
tions. This applies in particular to an energy sector that has a goal of sustain-
able development.

3. See also this book’s Chapter 5 by Ted Trainer.

4. For example, see this book’s Chapter 16 on Swiss 2000 Watt Society with a future vision

extending to 2150 .
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l Perception of unlimited resources: Over the last century, development of
economics as a discipline has increasingly, with few exceptions, been domi-
nated by a perception of living in an unlimited world with unlimited
resources and pollution drains. Resource and pollution problems in one
area were supposed to be solved by moving production or people to cleaner
and more resource rich parts of the world. The very hint of an overall global
limitation as suggested in the report The Limits to Growth (Meadows et al.,
1972) has generally been met with disbelief and rejection by businesses and
most economists. However, this conclusion was mostly based on false
premises, as further discussed in Section 4.

l Fear of unemployment: One of the main arguments for continued economic
growth is based on the experience that in OECD countries the productivity
in the production sector, and to a certain degree also in the service sector,
generally increases by about 2% or more per year. The assumption is that
without economic growth this would create more unemployment. This
assumption overlooks the flexibility of the employment concept, as further
discussed in Section 4.

l Exclusive focus on GDP: Gross Domestic Product, GDP, is an indicator of
the monetary economic activities in a society, but was never meant as
a measure of how well-off its citizens really are. Several attempts have
been made to define a better indicator, by incorporating, for example, the
cost of environmental degradation as well as the benefits of leisure time.
In this chapter, we consider the ultimate goal of the economy and lifestyle
to be wellbeing, not just in the sense of income and social welfare, but
a more general satisfaction or happiness, although such an indicator is not
easily quantifiable (Jackson, 2009). Two Nobel laureates in economics,
Joseph Stiglitz and Amartya Sen, stated in their key message in a commis-
sion report to the French President Nicolas Sarkozy that “the time is ripe for
our measurement system to shift emphasis from measuring economic
production to measuring people’s well-being” (Stiglitz et al., 2009).

In recent times, a number of studies by economists and other researchers have
revealed that in societies where citizens’ basic needs are met, further income
and consumption seems not to increase people’s satisfaction and happiness
(Jackson, 2009; Layard, 2005; Jackson, 2005; Nørgård, 2006). In other words,
in affluent parts of the world, continued growth in GDP is not necessary for
a good life.

3. POLICIES FOR MITIGATION OF GLOBAL WARMING

A wide range of policies and strategies are being applied and more are sug-
gested to mitigate climate change with special attention to energy production
and consumption. The policies may be divided into hardmeans such as binding
standards, carbon quotas, taxes, and subsidies, and soft means such as infor-
mation campaigns to influence behavior and lifestyle. In the case of energy, the
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goal is to promote energy conservation and encourage low carbon alternatives
to fossil fuels, like RES and proposals for new technologies like CCS. This
section discusses the merits and shortcomings of different policies by focusing
on their effectiveness in relation to change of lifestyle.

3.1. Population Policies

According to official UN estimates, world population with no new measures is
projected to grow to around 9 billion by 2050. It turns out that with relatively
small changes in number of births per woman, large changes are possible in the
long term. For example, with 1.6 or 2.6 births per woman, global population in
2050 could be 8 billion or 12 billion respectively (Figure 1). The corresponding
numbers with these birth rates by 2150 would be 3.6 billiondaround half the
present populationdor 27 billion, respectively. Maintaining 1998 average birth
rates in different world regions would, taking into account the different regional
age structures, result in 296 billion global citizens by 2150 (The Population
Council, 1998). Sustainability, including mitigation of climate change, would
be a lot easier in a world of material equity and welfare with the numbers in the
lower range of these population scenarios.

In many parts of the Western world population is slowly declining.
Government policies in these densely populated, high CO2 emitting countries
often encourage higher birth rates rather than lower, however. Most of the
global population growth will, nevertheless, take place in the developing world
where current energy consumption per capita is much lower than in industrial
countries. In recent decades a number of developing countries, especially in the
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Asian region, have successfully reduced birth rates to around 2.0 or below (UN
Population Division, 2008; Mason, 2001). In general this has been associated
with a better material standard of living.

Based on concerns for the consequences for human welfare and the
environment, policies encouraging birth rates below 2.0 should be promoted
in poor as well as affluent countries. In the latter, a population policy that
avoids economic and social incentives to increase birth rates will often be
sufficient. In poorer countries, soft strategies like information campaigns on
birth control often seem to suffice, while in other cases stronger means like
economic incentives may be used. Population control is a sensitive issue, and
coercive policies often conflict with basic principles of personal freedom.
Similarly, birth control may conflict with traditions and religious beliefs.
Nevertheless, as indicated above, population policy should be part of any
climate change policy.

3.2. Equity

The goal of more equity plays an important role in the quest for sustainable
development as it tends to acknowledge and promote economic satiation in
affluent societies. Recognition of a world with limited natural resources will
tend to make demands for equal right to the use of these resources more morally
and politically legitimate.

More affluence is often strongly correlated with more energy and CO2-
intensive lifestyle, as illustrated in the case of Sweden in Figure 2 (Larson and
Wadeskog, 2003). Furthermore, powerful decision-makers are often found in
the upper crust of society and tend to be biased toward the desires of the rich.
This constitutes a political barrier against broad changes to less energy inten-
sive lifestyles and should be taken into account when framing environmental
and energy policy.

With present mainstream (neoclassical) economic principles, changes of
lifestyle are expected to occur too slowly in relation to mitigation of climate
change. This is reflected in the proposals for policy changes in later sections in
this chapter.

3.3. Mandatory Energy Standards

The efficacy of mandatory energy standards established and enforced by
government is widely acknowledged from experiences in the building sector
using building codes. This tool has also been applied to energy consuming
appliances such as refrigerators and washing machines and for private cars.
Mandatory standards are an efficient means for reducing CO2 emission but are
restricted by political and ideological barriers and inflexible commercial
considerations. In the European Union (EU), as an example, high priority was
given in the creation of the Single Market to promote commercial competition,
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and the EU Court is taking measures against standards that, in the opinion of the
Court, may give relative advantages to national production. In the U.S., indi-
vidual states have more freedom to proceed with stricter codes and standards.
However, the full potential of legally binding standards cannot be reached as
long as politicians are primarily engaged in promoting GDP growth through
free competition rather than addressing environmental problems.5

Experience has shown that in large unions like the EU and U.S. it is a long
and tedious process to agree on common standards for either labeling or for
minimum energy efficiency. Instead, the use of standards has been pioneered by
states and nations like California in the U.S. and the Netherlands and Denmark
in the EU. It should be more broadly recognized that the system of standards
and labeling is an efficient and low-cost strategy for promoting consumers’
choice of energy efficient appliances, as well as houses, cars, and so on.

The standards cannot, however, prevent people from buying more or larger
energy-consuming equipment like refrigerators, air-conditioners, lamps, TVs,
and so on, and thereby eating up the energy savings achieved from the more
efficient technologies. On the contrary, through the so-called rebound effect,
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5. In this book’s Chapter 2, Felder et al., also address the issue of often conflicting objectives of

economic growth, energy security, and the environment

96 PART | I Challenge of Sustainability



the money saved on energy bills can make more equipment affordable, as
discussed below.

3.4. Industrial Carbon Quota

The EU’s Emission Trading System (ETS) where energy-intensive industries
including electric utilities are given carbon emission quotas specified by the
EU Commission and national governments has been in effect for some time.
The experience with this cap-and-trade scheme has revealed a number
of shortcomings, resulting in unimpressive carbon savings within the EU to
date. It remains to be seen whether stricter caps and other reforms will produce
the desired results during the second period of the scheme after 2012
(EU Commission, 2008).

The topic of the industrial ETS will not be further elaborated in this chapter
since the scheme does not have a direct influence on people’s choice of life-
style. EU’s ETS scheme has, however, been an indirect psychological barrier
for energy savings in households that want to support mitigation of global
warming because their individual savings in electricity consumption, for
example, means that utilities can increase their sale to other customers without
exceeding their quota. Thus the net effect of the efforts of idealistic households
is likely to be zero.

3.5. Carbon Taxes

Carbon taxes on fossil fuels improve the competitiveness of RES, nuclear
energy, and other low-carbon sources. The concept is also consistent with the
polluter pays principle. By increasing the price of carbon-loaded fuels, it
promotes changes in consumer lifestyles, encourages energy conservation, and
fosters transition to energy efficient appliances and processes. The main
barriers for this system are social and political. In addition, the energy intensive
production sector typically opposes such taxes for competitive reasons if the
taxes are not universally applied or at least cover a large region like the EU or
the U.S.

The social barrier is due to the fact that in most cases an increase in energy
price will be a greater economic burden for low-income than for high-income
households (Ekins and Dresner, 2004). This may, to some extent, be
compensated by changes in the general tax system at the cost of increased
administration. Another energy tax system, which can avoid the high burden to
low-income households, is a progressive tax on energy or carbon, meaning
that a certain tax-free “lifeline” consumption is granted to each person or
household, while higher taxes are applied to more “luxury” levels of
consumption.

It is a political problem that the carbon tax has to be quite high to yield
sufficient emission reductions. In addition, even within the EU it has not been
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possible to introduce harmonized carbon taxes for all member states. As
a consequence, a high carbon tax will meet strong opposition from the various
production sectors for competitive reasons.

From an administrative point of view the simplest system would be to
introduce a global carbon tax on the basic production sources, that is, at oil
wells, coal mines, and so on. The owners of these sources are a combination of
states and private investors. A direct global tax at the production site of fossil
sources will thus require a global agreement between all nations that are owners
of such sources and a global enforcement of the tax on private owners of
production sources. Alternatively, it should be legally accepted to adding
import tax on all products from countries refusing to join a global carbon tax
system. Judging from the experiences of COP15 in Copenhagen, this type of
global agreement with interference in national policies will not be high on the
present international agenda.

3.6. Personal Carbon Quota

Another scheme for reducing GHG emission is based on Personal Carbon
Allowances (PCA) where every adult is allotted an equal, tradable ration of
CO2 emission per year related to their consumption of selected energy services
for private households. Compared to the cap-and-trade system used in the
industrial sector, PCAs apply to individuals and directly influence their
behavior. PCA establishes a direct mechanism with negligible uncertainty for
emission reduction in the household sector. For simplicity, it is proposed that
PCA should be related only to “direct” energy consumption, that is, energy
used for personal travel and within the household (Fawcett et al., 2009).

So far no country has introduced a PCA scheme and only a few industrial
countries are giving serious consideration to the scheme. The most extensive
discussion of PCA has taken place in the U.K. where the U.K.’s Department for
Environment, Food, and Rural Affairs (Defra) published a report on the scheme
in 2008 (Defra, 2008) with a positive evaluation of its potential. A similar
conclusion was expressed by the chairman of the U.K.’s Environment Agency,
Lord Smith of Finsbury, in a speech at the agency’s annual conference in
London in November 2009. In both cases it was stated that the scheme needs
a relatively long time to develop and that the cost of administration should be
analyzed more closely.

The efficiency of a PCA system is dependent on the particular energy
system in the country and on the institutional arrangements. Analysis of the
potential of PCA in the U.K. and Denmark (Fawcett et al., 2009) indicates that
for these two countries the scheme could cover 30%e50% of the total national
emissions. The PCA requires systematic government support to the households
in order that they may benefit from the scheme and accept it as a positive
challenge. Considering the slow progress in mitigation of climate change, PCA
deserves further attention as a supplement to existing schemes.

98 PART | I Challenge of Sustainability



3.7. Subsidies for Energy Supply and Conservation

Government subsidies for energy supply in industrial countries have mainly
been aimed at fossil fuels and nuclear power. Change of economic balance in
favor of RES and energy conservation is a relatively recent phenomenon. An
early Danish example is investment subsidies for wind turbines introduced in
1979. This policy was quite successful but the scheme was phased out in 1989
as wind power became more competitive.

In the United Nations Environment Programme the global subsidies to
conventional energy are estimated to U.S.$250e300 billion a year, based on
2005 data (UNEP, 2008), while subsidies for RES were an order of magnitude
lower. A detailed analysis by the European Environment Agency (EEA) has
estimated energy subsidies in the EU-15 to be in the order of V29 billion in
2001 (approximately U.S.$40 billion) with almost three quarters oriented
toward the support of fossil fuels (EEA, 2008). Only about 19% of the subsidy
was used for RES in that year. The figures are only indicative, due to the lack of
consistency of data across countries and of assumptions made.

It is now increasingly recognized that fossil-fuel subsidies can drain
government budgets and furthermore increase GHG emissions. In September
2009, the Leaders of the Group of Twenty (G-20) at a meeting in Pittsburgh,
U.S.A. agreed to phase out fossil fuel subsidies estimated to be on the order of
U.S.$500 billion per year. The actual amount of subsidies is rather uncertain
because there is no international framework for regularly monitoring such
subsidies (Global Subsidies Initiative, 2009).

In many industrial countries the energy demand for heat and electricity in
buildings accounts for 30%e40% of the total national energy consumption.6

There is a large potential for energy conservation in this sector but experience
has shown that this potential will not be fully exploited without state subsidies
and/or regular mandates.

It is technically possible to build so-called Passive Houses with maximum
heating consumption of 15 kWh/m2 per year at a competitive price, as
demonstrated by thousands of houses in Austria and Germany (Klingenberg
et al., 2008; EEnergy Informer, 2010). In 2009, California policymakers set
a mandate that requires all new residential dwellings built in the state starting in
2020 to be zero net energy houses. The same would apply to new commercial
buildings starting in 2030 (EEnergy Informer, 2010).7 It should be noted that
with the significantly reduced heat losses in these new buildings, the
consumption of primary energy is mostly related to electricity for lighting,
electric appliances, and other forms of electric equipment. This is taken into
account in the EU directive on energy performance of new buildings

6. See also this book’s Chapter 9 by Gray and Zarnikau.

7. See also this book’s Chapter 9 by Gray and Zarnikau, Chapter 17 by Rajkovich, Miller, and

LaRue, and Chapter 18 by Clymer.
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(EU, 2003), which includes energy used for space heating, hot water, space
cooling, ventilation, and fixed lighting but excludes movable equipment.8

A major problem in the building sector is that most buildings have a life of
50 years or more, hence the transition to low-energy buildings takes a long
time. This problem may be overcome by complete renovation of the old
building stock, which would often require government subsidies to be feasible.
Some proposals even go so far as to subsidize owners of buildings who tear
down the old house and replace it by a low-energy house (Jensen, 2009).

3.8. Energy-Saving Campaigns

Technological energy efficiency improvements can contribute substantially to
reducing energy consumption, but only if they are implemented. It turns out
to be a complicated task to convince individual consumers and businesses to
choose the most efficient technologies available.9 Convincing energy con-
sumers about the options available is best achieved through campaigns that
combine different measures, as illustrated below. An example is labeling of
appliances and cars with clear information about energy efficiency, combined
with public information programs in the media and on websites. An additional
effect may be obtained by subsidizing the purchase of the more efficient
technologies.

Such campaigns have been conducted in a number of countries, but oftenwith
onlymoderate results. The actors chosen to implement the campaigns may partly
be responsible for the lack of success. Often governments have left it to the
energy suppliers to run such campaigns despite the fact that this will reduce their
own sales. This clearly involves a “letting the wolves watch the sheep”
dilemma.10 To eliminate this dilemma, the Danish government in 1996 estab-
lished a Danish Electricity Saving Trust (DEST) independent of government and
business, and financed by a small extra electricity tax of V0.001 per kWh, or
around V2.5 annually per person (Nørgård et al., 2007). DEST has been
successful, for instance, in getting thousands of buildings with electric space
heating converted to more appropriate heating sources like natural gas or, even
better, district heating from combined heat and power (CHP). Another successful
DEST campaign included improved labeling, temporary subsidies, and website
information aimed at moving consumers to themost efficient electric appliances.
Within a few years, the Danish sale of the most efficient refrigerating appliances
soared from only a few percent to about 90% (Nørgård et al., 2007).

8. In the Danish version, energy in the form of electricity is multiplied by a factor of 2.5 when

calculating the total energy consumption of the building (Danish Ministry of Economy and

Business Affairs, 2007).

9. See also this book’s Chapter 8 by Long et al.

10. In a few states in the U.S., such as California, regulators have decoupled utility kWh sales from

profits to eliminate the disincentives to promote energy efficiency.
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Government policies are, however, usually aimed only at reducing the
consumers’ direct energy use, while their indirect energy consumption is not
included. Direct energy is defined as energy bought by consumers as elec-
tricity, gasoline, natural gas, fuel oil, district heat, and so on. Indirect energy
refers to the embedded energy used to manufacture, transport, and provide
nonenergy goods and services for the consumers. Direct and indirect energy
consumption are of roughly equal magnitude in industrial countries. In EU
countries the indirect energy share varies from 34%e64% (Reinders et al.,
2003). In Figure 2, the direct energy consumption by private households in
Sweden includes only fuel for transportation and for heating houses, but not
electricity. The absence of indirect energy in governments’ energy saving
campaigns reflects a fundamental built-in conflict in the present economic
system. On the one hand, most governments want households to reduce energy
consumption, but at the same time they want the general consumption of goods
and services to increasedneglecting its embedded energy consumptiondto
support economic growth and employment. This illustrates a basic dilemma in
solving the climate problems while maintaining lifestyles with growing
consumerism as the target.

3.9. Rebound Effect

Technical energy efficiency improvements are usually cost effective, which
leads to an extra “income” for those investing in energy savings. In an unsa-
tiable economy, this will typically result in extra consumption or investment
implying some extra energy consumption and hence modifying, sometimes
substantially, the energy savings achieved directly from the technical
improvement. One example of this so-called rebound effect is the replacement
of an old car by a car running more kilometers per liter of gasoline, where the
saved fuel cost is spent on driving more kilometers. Another common case is
when electricity savings from replacing incandescent lamps with CFL or LED
energy saving lamps are partly turned into leaving more lights on. In the
production sector an energy saving technology may lead to cheaper products
and hence higher demand. With continued economic growth, the climate
benefits from higher energy efficiency might eventually be cancelled out
(Nørgård, 2009). This would not happen to the same extent in affluent societies
with demand satiation.

3.10. International Negotiations

After the UN Climate Conference in Rio in 1992, it took until COP5 in Kyoto in
1997 to reach an agreement among the industrial countries on commitments for
reductions of GHG emissions between 2008 and 2012. Subsequently, it took
until 2005 before the Kyoto Protocol went into effect after a sufficient number
of countries had ratified the agreement. The same slow pace has manifested
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itself in connection with the international negotiations concerning the second
commitment period after 2012. Most industrial countries are primarily con-
cerned with their own economic problems and they often try to postpone
concrete offers for economic support for developing countries in relation to
climate protection.

It is highly questionable whether it will be possible to bridge the gap
between different demands for emission reductions. COP15 has clearly illus-
trated how far the large CO2-emitters are from consensus on the required
commitments and strategies.11 The bottom-up activities initiated by mayors of
large cities, local and regional politicians, “green” commercial enterprises, and
the NGOs may in the long run provide more efficient contributions to miti-
gation of global warming than the top-down international schemes.

4. LIMITS TO GROWTH REVISITED

During the history of economics as a discipline, several pioneers have warned
that pursuing growth forever was not desirable (Mill, 1900; Keynes, 1931).
Instead, growth should be considered as a temporary phase, until the global
population has achieved satisfactory material welfare, including the preserva-
tion of a satisfactory natural environment. After the establishment of the GDP
in 1930s as a measure of a nation’s activities, and especially after World War II,
the Western world experienced a quarter century of rather stable growth in
GDP. This was fueled by an abundance of cheap and seemingly unlimited fossil
fuels as well as other resources from the less developed parts of the world.
During this period the level of GDP gradually became effectively synonymous
with human welfare.

4.1. The Limits to Growth Report

Through the 1960s, however, a number of studies revealed the hitherto ignored
human and environmental costs of the GDP growth, and in the early 1970s
several reports questioned the net blessings of continuing this path (e.g.,
Schumacher, 1973; Goldsmith et al., 1972). One of the more extensive studies
was initiated by The Club of Rome, resulting in the 1972 report The Limits to
Growth (LtG) (Meadows et al., 1972). In the following years about 30 million
copies of this report were sold in about 30 languages. The study’s results are
based on an aggregated computer model, simulating the global development in
population, food production, use of nonrenewable resources like fossil fuels,
industrial output, and in pollution such as the emission of CO2. A key feature of
the model is the interactions between these parameters.

The basic conclusion of the report was that continuation of the growth
policies in population, industrialization, pollution, food production, and

11. See also this book’s Chapter 2 by Felder et al., and Chapter 15 by Buijs.
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consumption of nonrenewable resources would most likely lead to some kind
of collapse during the twenty-first century, due to resource scarcity, over-
pollution, over-population, and so on, as shown in the left of Figure 3. Although
this catastrophic growth scenario got most attention, alternative scenarios were
also presented in the report, including the one shown in the right of Figure 3,
which illustrates that it is possible to change course and reach an environ-
mentally sustainable development path, one that is able to satisfy all people’s
physical needs. Finally, the report stressed that due to delays in natural and
manmade systems, it is essential for achievement of sustainability that global
society acts before the environment undergoes irreversible changes and forces
undesired changes on us.

The very title of the report was a provocation to many politicians, econo-
mists, and others having devoted their work and life to the goal of measuring
progress in terms of increased income, profits, and GDP. Consequently a cohort
of critics reacted intuitively against the report, often using groundless
arguments. For instance, many critics focused exclusively on the growth and
collapse scenario, and stated in the 1990s that the collapse had failed to
materialize. However, as illustrated in Figure 3, the analysis in that scenario
finds the collapse to occur decades later (Nørgård et al., 2010). Some critics do
not seem to have read the report at all. In this way the critics managed for
a couple of decades to derail the debate by strong, but not well-documented
statements such as the report has “been damned as foolishness or fraud by every
serious economic critic” (Simon and Kahn, 1984). The recent recognition of
global warming from CO2 concentration in the atmosphere and an approaching
peak in oil supply combined with the current financial crises fits rather well
with the growth scenario in LtG. As shown in Figure 4, real developments in the
main parameters in LtG have followed quite closely the main trends in the
report’s standard scenario, which leads to collapse around 2040 (van Vuuren
and Faber, 2009; Turner, 2009). This underlines the fact that the basic structure
and drivers of the global economy have not changed. Not surprisingly, recent
environmental reports have presented concepts and warnings similar to those in
LtG (Rockström et al., 2009). Thus, in today’s debates on strategies for
sustainable development it would be wise to revisit the analysis of the original
1972 version of LtG and its two later revisions (Meadows et al., 1992;
Meadows et al., 2004).

4.2. The Illusion of Decoupling

Since all economic activities accounted for in GDP involve some energy
consumption, the so-called decoupling between GDP and energy consumption
is a statistical myth or illusion based on macroeconomic abstractions (Nørgård,
2009). While it is a historical fact that GDP and energy consumption have often
grown at different rates, this does not imply that there is no coupling, no
connection, between them in the real world as further described below.
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Denmark, for example, has experienced more than 30 years with no
increase in energy consumption, while GDP has increased by 70% during the
same period. This is often used as an example of decoupling between the two.
But the technological improvements in energy efficiency over this period would
actually have resulted in a marked decline in energy consumption, had there not
been any coupling to the growing GDP.

A fruitful analysis of the relations is to make it clear that there are more than
one coupling involved. Investment in energy efficiency will influence energy
consumption in two ways:

l The production activities related to the investment will, like all other
additional activities, require extra energy and increase GDP.

l The effect of the investment tends to lower energy consumption for oper-
ating the system.

A growing GDP will, due to the coupling, always push energy consumption
upwards. But this trend may be more or less kept in check, at least for some
time, as long as energy savings from more efficient technologies and structures
offset the growth trends from GDP increase.

The coupling between GDP and energy consumption has clearly been
demonstrated in real life by the drop in energy consumption during the recent
recession in OECD countries, and even more by the Russian recession in the
early 1990s, both resulting in reduced CO2 emission. The use of the term
decoupling has unfortunately led to the seductive perception that GDP can
grow in an unlimited way, without any impact on energy consumption. What
can rightfully be claimed is that energy consumption need not grow at the same
rate as the GDP, but that is a different story.

While a true decoupling is impossible between GDP and energy
consumption, it is possible between GDP and CO2 emission by shifting to an
energy supply without CO2 emission. In more general terms, however, there
will always be a coupling between human economic activities and environ-
mental impact since all energy supplies have some environmental impact.

4.3. New Paradigm of Employment

In affluent societies employment security is one of the dominating arguments for
continued push for economic growth to compensate for the historical increase in
labor productivity. As discussed earlier, GDP growth will pull energy consump-
tion and environmental impact upwards in the present economic system.

Consequently, employment schemes and paid work patterns are essential
factors in the strategy for mitigating climate change. Rather than considering a
lower demand for theworkforce due to increased labor productivity as a problem,
it should rather be considered as a blessing due to its associated increase in
general welfare. A constructive solution to the unemployment problem may be
a paid work-sharing program with fewer working hours per week or more
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vacations. Incidentally, in the 1920s the general perception in the U.S.A. was
that basic needs were or would soon be satisfied and that further productivity
increase should mainly be turned into more freedom and leisure time.12

Other studies focusing on how little labor is needed to provide a decent
material standard of living, typically conclude that one or two days of work per
week is sufficient (e.g., Gorz, 1983).13 Flexible parameters in this connection
are the weekly working hours, the length of vacations, the system of sabbatical
leave, and the concept of basic income or citizens salary (Meyer et al., 1981).

In Europe, the gradual reduction of working hours has proceeded further
than in the U.S., especially with the achievement of several weeks vacation per
year. In many European countries, people increasingly prefer shorter paid work
time over more income and consumption. In Denmark, for example, the
proportion reached 73% in 2007 as shown in Figure 5 (Nørgård, 2009). This
preference does not seem to be based on environmental concerns, but rather
expresses a wish for a lifestyle with more freedom to enjoy time with family
and friends, and leisure activities in general. However, social patterns and rigid
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[Nørgård, 2009].

12. In 1933, U.S. president F.D. Roosevelt was only weeks from passing a bill to solve unem-

ployment through paid work-sharing, by reducing the paid work week to 30 hours instead of the

normal 40 hours, when the industrial lobby blocked the bill (Beder, 2000; Hunnicutt, 1988).

Instead of a work-sharing policy, a work-creating policy aimed at increasing consumption and

production was implemented. This has been the standard solution to employment problems ever

since in Western industrialized countries.

13. Trainer reaches similar conclusions in this book’s Chapter 5.
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working rules have so far prevented many people from individually choosing
less paid work (Sanne, 1995).

With annual average working hours of around 1700 for full-time employ-
ment, Europeans seem to be ahead of Americans and Japanese who average
around 2000 hours per year (Sanne, 1995). This may be an illustration of higher
appreciation of free time in Europe, although part of the difference may be due
to a higher participation of women in the European work force and to a higher
level of social welfare paid over the tax. The lack of accounting for leisure time
was argued by the Nobel laureate in economics, Gunnar Myrdal, as early as the
1970s as one of the serious shortcomings in using GDP as a measure of citizen’s
general welfare (Myrdal, 1973).

Exchanging more consumption for more free time seems like an obvious
policy for coping with climate change and other environmental problems. To
start with, governments could stop their efforts to promote consumption through
appropriate marketing rules, tax policies, and campaigns, while simultaneously
preventing the misery of unemployment and poverty by distributing work and
wealth more evenly (Beder, 2000; Hunnicutt, 1988; Nørgård, 2006).

4.4. Equity as an Environmental Policy

Global and national equity become a rational and legitimate moral goal in the
context of a finite planet with limited resources. Globally, the lack of under-
standing the importance of equity or perhaps rather the lack of courage and
political will to act has been demonstrated by the COP15 failure in Copenhagen.
Governments in the affluentWesternworldwere unwilling to give up their future
GDP growth tomake environmental space for the emerging and poor economies.

The ultimate goal of an economy ought to be human wellbeing in the sense
of satisfaction and happiness. Due to the general observation of diminishing
returns of increased income and consumption, equity tends to increase total
human wellbeing (Daly, 2007). This is illustrated by the fact that the preference
for more leisure over more income is typically more prevalent in countries with
a high degree of equity and social security.

5. SHORTCOMINGS OF THE PRESENT ECONOMIC SYSTEM

The dominant world trade is supposed to be14 based on neoclassical free market
ideology. The basic assumption is that commercial competition in a free market
leads to more efficient production and lower consumer prices. This is an over-
simplified description of a complex economic system, where the market in many
cases is actually not free, but is embedded in a set of historically constructed

14. We write “supposed to be” as the rules and institutions in which the market is embedded in

many cases result in market outcomes that systematically deviates from what would happen under

textbook free market conditions. The cases in this section are a few examples of this.
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institutions. This has been analyzed in a large number of critical papers and books
(e.g., Hvelplund, 2005a; Lund, 2010). The global financial crisis that started in
2007 has amplified the critical view on the present profit making adventures of
the financial institutions. It has also emphasized the need for a new economic
paradigm supporting sustainable development. The report in 2009 from the
British Sustainable Development Commission chaired by Professor T. Jackson
(British Sustainable Development Commission, 2009) and the subsequent book
(Jackson, 2009) are constructive examples of this field of research. So far,
however, the proposed adjustments and regulations have not fundamentally
changed the basic paradigm of the present economic market system.

In most official economic reports and in applied neoclassical texts,
economic development is regarded as a result of an optimization process which
results in a GDP growth, and which optimizes societal welfare. This basic
assumption is built into most econometric models used by ministries of finance
in the industrial world. The reality of the assumptions and the shortcomings of
the GDP concept is, however, increasingly being criticized in the professional
economic discussions (Stiglitz et al., 2009; Jespersen, 2009; Hvelplund, 2005a;
Lund, 2010). This general criticism of neoclassical economics will not be
pursued further in this chapter except to note that the externality costs from
energy production are not adequately included - if at all - in most econometric
models. This applies especially to the externalities from global warming due to
burning of fossil fuels. Examples below illustrate a number of cases where the
optimization assumption is not fulfilled in practice in relation to a sustainable
energy development.

5.1. Nonoptimal Welfare

Middle class families in rich countries normally have one or two cars and drive
20,000e30,000 kilometers every year. They travel on holidays by air one or
more times per year, have a rather big house with fossil fuel based heating and
air-conditioning, many appliances, eat around 300 grams of meat a day, and buy
meat, fish, fruit, vegetables, and other consumer goods from all over the world.

As a result people in affluent societies have a yearly CO2 emission in the
range from 10e20 tons CO2 per person.

15 In applied neoclassical economics
this lifestyle is regarded as the result of an optimization process where free,
well-informed, and rational consumers are deciding what should be produced
in society by voting with their banknotes in the housing and transport sectors
and in supermarkets and shopping malls. According to this economic theory,
the resulting growth and distribution of production is therefore the result of the
multitude of choices made by these free and rational people pursuing their
individual wishes. In reality, more than six billion people in the world do not
have the opportunities implied by this model, but a large part of these people

15. See also this book’s Chapter 7 by Moran for per capita emission levels.
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appear to aim at the same rich middle class lifestyle. This is a basic problem for
sustainable development and in relation to the externality problem.

5.2. The Externality Problem

Some external costs, for instance arising from CO2 emission, are often not or
only partly included in the market prices. These costs have been calculated in
the EU ExternE Project, and for coal-based electricity production they range
between 3 and 8 euro cents per kWh in different European countries (European
Commission, 2003). The same applies for a number of other externalities.
A number of examples where the present market construction does not lead to
a sustainable welfare optimum are given in the following, partly based on
Danish case studies.

In many countries there is no CO2 taxation on production and trans-
portation. This is partly based on a wish to protect national production from
unfair competition as the rules of WTO accepts trade where neither the external
costs of production nor of transportation are internalized in the market prices.
The WTO rules do not allow a country with CO2 taxation to put a CO2 import
levy on goods produced in a country without a similar tax. Furthermore,
countries are allowed in practice to subsidize the use of fossil fuels. For
instance the U.S. subsidized technologically mature fossil fuel technologies by
U.S.$70.2 billion during the period 2002e2008 while the nascent renewable
energy technologies were subsidized at U.S.$29 billion during the same period
(Environmental Law Institute, 2009). Many countries including Iran, Russia,
and China also give heavy subsidies to fossil fuel consumption.

Consequently, international trade rules favor an international competition
process, where countries that do not internalize external environmental costs in
their prices have a better competitive position than countries that do. In addi-
tion, the rules accept a competition process where mature fossil fuel technol-
ogies are heavily subsidized in some countries.

A special problem within the transportation sector is the lack of CO2 tax on
air and sea transport for goods and passengers. Thus, airlines can buy their fuel
without paying energy tax, despite the fact that CO2 pollution at an altitude of
10 km gives rise to a two to three times stronger greenhouse effect compared to
the same emission at ground level.

The present market conditions thus do not represent a process that optimizes
sustainable welfare, and the resulting GDP therefore does not represent
a welfare optimum.

5.3. Historically Accumulated Market Institutions Often do not
Lead to Sustainable Growth in Welfare

All over the world market rules are embedded in legal, fiscal, and cultural
institutions that have accumulated as a result of an array of historical decisions.
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As a consequence, these institutions typically support the technologies of the
past. This is especially true in the energy sector, where coal, uranium, and oil
technologies receive much higher state subsidies than technologies based on
renewables, and where structural “support systems” for the old technologies are
built into market mechanisms and tax rules.

In many countries, car taxation, car insurance, and costs of using the roads
are fixed and thus do not depend on the number of kilometers driven. As
a consequence it is relatively expensive to buy a car, but cheap to use it once
you have bought one. The consequences of this system are illustrated by the
following Danish case study where the typical costs and taxation of an average
diesel car are shown in Table 1.

As can be seen from Table 1, the marginal cost of driving an extra km is 9.3
euro cents, and the total cost is 40 euro cents. This division of costs is strongly
influenced by the present tax system, where 15.2 euro cents per km is a tax that
is independent of the number of kilometers driven while 3.1 euro cents per km
is a function of the driven kilometers. This means that with present institu-
tionalized tax rules the system actually encourages people to drive more once
they have purchased a car. This is even further promoted by the Danish system
with tax deductions for commuting expenses between home and workplace.
Thus, in some cases the marginal costs of driving 1 km is reduced to minus 1.3
euro cents, so that people are actually earning money for each extra kilometer
they drive. For these people it does not pay either to buy a house close to work
or to use public transportation.

The costs for society of driving one kilometer in an average Danish car,
including pollution costs, are estimated to be between 27 and 53 euro cents, and
Denmark has designed an incentive system where the car driver encounters
a marginal cost of between �1.3 and 9.3 euro cents per km. This means that if
Danish car owners act in an economically rational way they will choose to drive

TABLE 1 Cost Elements of a Private Car in Vcent per km

Cost elements Costs in Vcent per km

Tax share of cost

in Vcent per km

Fixed costs/fixed tax 30.7 15.2

Variable costs /variable tax 9.3 3.1

Total cost per km 40

CO2 cost per km 0.27

Assumptions: Efficiency of diesel car: 20 km/liter; price of car including tax: V 32,000; technical

lifetime of the car: 10 years; discount rate 6% p.a.; diesel cost per litre including tax:

V1.33; CO2 price: 20 V/ton.
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one extra kilometer if it increases their welfare by at least 9.3 euro cents. But if
the car is driven one extra kilometer, society loses 27 to 53 euro cents as
described above. So the total welfare loss of this market system will be at least
40 minus 9.3 euro cents, which equals 30.7 euro cents per km driven. At the
same time this kilometer will result in a CO2 emission for an average family car
of around 150 grams. This example shows that the present Danish price and tax
scheme for cars encourages increased car traffic while at the same time
reducing sustainable welfare. Many other countries have systems with similar
irrational consequences in the transport sector.

The above discussion implies that a cap-and-trade system extended to car
transportation would have very limited effects compared to fixing the existing
institutionalized tax system in place. At a CO2 price ofV20 per tonnes, this will
only be 0.7% of total car expenses per kilometer (see Table 1). Instead, the
system should be changed to a tax per kilometer where the cost of driving one
extra kilometer equals the total societal costs including all environmental costs.

5.4. Fixed Energy Tariffs in the Danish District Heating System

In the Danish cogeneration energy system, the heat is distributed via a water-
based pipe distribution system. The tariffs linked to this system include a fixed
share and a share that depends on the consumption of heat. The fixed share
varies from company to company from around 25% to 60% of the annual heat
bill. Table 2 illustrates the data for a typical 140 m2 house in the Aalborg district
heating system.

In this case, the motivation for energy conservation is linked to the vari-
able tariff, which is heavily reduced by the structure of the tariff. A CO2 price
of V20 per tons CO2 only increases the economic conservation motivation
from V700 to V760, in other words, by less than 9%. If the tariff structure is
changed to a 100% variable tariff, the economic motivation is increased from
V700 to V1150, or by 64%. This example illustrates that the introduction of

TABLE 2 Tariff Distribution and CO2 Cost for a

140 m2 House in Aalborg District Heating System

[Calculations by Hvelplund]

V per year

Fixed tariff 450

Variable tariff 700

Annual heat bill 1.150

Annual CO2 emission: 3 tons 60
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a CO2 tax has very little effect on consumption, unless it is combined with
a radical change in tariff principles. Thus the change of market rulesdin this
case prevailing tariffsdmatters far more than the introduction of a CO2 tax on
top of an inefficient tariff structure that actually discourages energy
conservation.

5.5. Financing of Housing and Time Budgets of People

Adjustments in the number of annual working hours were discussed earlier in
this chapter. But this is not an easy task, unless it is combined with changes
in the cost structure of housing, transportation, and other necessities. Today, an
average Danish family has to allocate around 800 to 1200 working hours per
year to pay for housing costs. The number may be even higher in other
high-cost countries.

Houses can technically last for at least 100 years, but are typically financed
with a mixture of 20- and 30-year loans in Denmark. Thus the loans have
a much shorter running time than the lifetime of typical houses. If the housing
cost instead had a 70% share financed with 60-year low interest loans, the cost
pressure from housing would be reduced by around 40% compared to the
present financing system. This would make housing affordable with a lower
number of working hours.

The above examples illustrate that it is possible to redesign society toward
a direction where the consumption of fossil fuels and emission of CO2 would be
reduced while welfare is improved at the same time. This can be done without
removing the market system, but rather by changing the institutions and tax
structure in which the system is embedded.

5.6. Promotion of Intermittent RES

As already mentioned, the time horizon of commercial markets is too short to
govern the necessary long range planning of a sustainable energy development.
Thus, alternative economic schemes are needed.

The success of wind power in Denmark, Germany, and Spain is mainly
due to the so-called Feed-In Tariffs (FITs) where owners of wind turbines are
guaranteed a favorable tariff on a long-term basis, often combined with
priority access to the grid. The same type of scheme may be used for other
RES like PV and wave power. Flexibility is introduced by yearly reductions in
the tariffs for new plants as the technology matures (Bechberger and Reiche,
2007).

A competing scheme in Europe is called Trading of Green Certificates
(TGC) with certificates issued to individual wind power producers in accor-
dance with a specified government target for the total national wind power
production and with sanctions to utilities if the target is not fulfilled. In the U.S.
this scheme is called Renewable Portfolio Standard (RPS). A comparison of the
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European and the U.S. experiences may be found in (Rickerson and Grace,
2007).

Neither the FIT nor the TGC operates in accordance with traditional market
principles. In the case of FIT, the price of the wind electricity is fixed while the
volume is decided by the market; the opposite applies to TGC. A number of
variations of these two schemes may be found in different countries, for
example, in the U.S. (Schreurs, 2007). The advantages and problems of the FIT
and TGC schemes have been discussed by Hvelplund and Meyer (Hvelplund,
2001a, 2001b, 2006; Meyer, 2003). It is concluded that the FIT so far has been
most efficient for promotion of wind power as illustrated by the wind power
development in Denmark, Germany, and Spain (Meyer, 2003).

It is not relevant to force intermittent RES like wind power into the tradi-
tional market system, when the main goal is to accelerate its penetration into
the electricity supply system. After the investment has been made in a wind
turbine, there is no way that the investor can compete more efficiently by
a different production strategy. It all depends on the wind. This also supports
the priority for the FIT scheme.

CONCLUSIONS

The process of international climate negotiations from Bali to COP15 in
Copenhagen has illustrated the need for new and supplementary schemes for
mitigation of climate change. This chapter presents proposals for new strategic
thinking to overcome present barriers and promote efficient mitigation
schemes. The chapter’s main conclusions are summarized as follows:

l A new economic paradigm with less attention to GDP and more attention to
sustainability and welfare is needed. This involves, among other things,
a shift in the present balance between societal planning and commercial
market principles to the advantage of long-range planning. Economic
science should give high priority to the development of market constructs
that lead to sustainable development.

l The level of the global population is an important factor in relation to global
warming. Thus, regulation of birth rates should not be a taboo subject.

l Lack of economic and social equity is a serious barrier for sustainable
development. More equity globally and within nations is needed.

l Limits to growth on a finite planet should be recognized. It is necessary to
change the institutional market conditions in which households are
embedded. One of the potential policy means could be to introduce Personal
Carbon Allowances.

l Present employment policies promote material growth. The alternative is
sharing of paid work and more free time. Introduction of a general citizens
salary (basic income) may be worth pursuing.

l Stronger promotion of renewable energy and energy conservation is
strongly needed.
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1. INTRODUCTION

There has been rapid increase in awareness of the climate change, energy, and
environment situation. However three crucial assumptions have been evident
underlying the responses. The first is that the problems can be solved. The
second is that they can be solved without serious disruption to the economy
and at negligible cost. The third is that, therefore, there is no need to question
the universal belief in the possibility and desirability of pursuing ever more
affluent “living standards” and economic growth, the central theme of this
volume.

This chapter argues that all three of these assumptions are incorrect. It
offers a quantitative analysis of the global energy and greenhouse gas (GHG)
problems and of the technical possibilities for solving the problems, concluding
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that the difficulties involved in making a successful transition from the current
carbon-based economic system to alternative energy sources are insurmount-
able without dramatic reduction in levels of production and consumption.

There has been very little discussion of these issues in the literature to date
and it is taken for granted that the technologies required for a relatively smooth
transition to a post-carbon energy era already exist or are on the drawing board
and the problems are essentially only political and organizational. Many
analyses claim to show how alternative energy technologies can meet future
demand, but these typically do not deal satisfactorily, or at all, with limits and
difficulties. Renewable Energy Cannot Sustain a Consumer Society (Trainer,
2007) seems to have been only the second attempt to carry out a critical
analysis of the limits and problems in alternative energy sources.1 A more
recent account is available in Trainer 2008a.

The major reports influencing the discussion of the climate change problem
and the global energy situation have failed to deal with these issues, notably the
Intergovernmental Panel on Climate Change (IPCC) Third (2001) and Fourth
(2007) Assessment Reports, the Stern Review (2006) and the Australian Garnaut
report (2008). All essentially concluded that the problem can be solved at negli-
gible economic cost, for instance 1% of GDP by 2050 according to Stern.2 This
optimistic conclusion seems to have been universally accepted, although some
have argued that the cost will be much lower (e.g., Toll, 2006; Nordhaus, 2007).

Trainer (2009a) provides a detailed critique of this line of reasoning,
pointing out that none of these reports consider possible limits to the appli-
cation of alternative energy sources. The main two areas of difficulty are firstly
the immense extent to which the alternative technologies would have to be
scaled up to meet future demand, and secondly the variability and intermittency
of renewable energy resources.

This chapter argues that these highly influential studies assert invalid and
mistaken conclusions, and that it is not possible to explain how the required
energy supplies can be provided within safe greenhouse limits. If this argu-
ment is accepted, it would be difficult to exaggerate the importance of
implications for policy and indeed for the future of consumer society. It will
be claimed that such a society is not viable and cannot be made so, and that
the major global problems now accelerating cannot be solved without
a radical and historically unprecedented transition to what the author calls
“The Simpler Way.” It will be argued, however, that such a transition is
unlikely.

The perspective presented in this chapter is likely to be regarded as bleak
and extreme. It departs from most current analyses, including many other

1. In this book’s Chapter 4, Meyer et al. address the issue of limits to growth and similar

constraints.

2. In this book’s Chapter 6, Bollino et al. also discuss the cost issue, reaching similar conclusions.
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chapters in the present volume, in concluding that the current global problems
cannot be solved within or by the present society.3

The chapter is organized as follows: Section 2 outlines an analysis of the
global sustainability and equity situation; Section 3 describes the form that
a sustainable and just future socio-economic system must take if the author’s
main argument is accepted; and Section 4 offers some thoughts on the transition
issues, followed by the chapter’s conclusions.

2. WHY CONSUMER SOCIETY IS NOT SUSTAINABLE

Before looking in some detail at the greenhouse and energy problems, it is
important to clarify the nature and especially the magnitude of the global
predicament we find ourselves in. It is not commonly understood how grossly
unsustainable today’s consumer-capitalist society is. If we were just a little over
sustainable levels of resource use and environmental impact, the problems
might be tractable without radical social restructuring. But a glance at some
basic indicators shows that we are far beyond such levels.

Brief examination of the way the global economy works reveals that our
present system is also grossly unjust and far beyond moral acceptability. The
argument in the first part of this chapter suggests that these two issues constitute
an overwhelming case that an ecologically sustainable and a morally accept-
able society cannot be achieved unless we undertake a radical transition to
a different society of the kind sketched below.

2.1. Sustainability

The following points indicate the magnitude of some of the core sustainability
problems set by the material living standards taken for granted in today’s
consumer-capitalist society.

l If all the estimated 9þ billion people likely to be living on Earth in 2050
were to consume resources at the present per capita rate in rich countries,
world annual resource production rates would have to be about eight times
as great as they are now (Trainer, 1985, 2006a). At that rate all estimated
potentially recoverable resources of fossil fuelsdeven assuming 2 billion
tones of coaldwould be exhausted in about 18 years.

l If all 9þ billion were to have the present U.S. timber use per person, the
forest area harvested would have to be three to four times all the forest
area on the planet.

l It is now widely believed that global petroleum supply will peak within
a decade, and be down to half the present level by about 2030 (Campbell
1997).

3. This is in stark contrast to this book’s Chapter 6, by Bollino et al., who claim that we have both

the means and the resolve to address the problems and doing so will not ruin us economically.
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l Footprint analysis indicates that the amount of productive land required to
provide one person in Australia with food, water, energy, and settlement
area is about 8 hectares (ha), the U.S. figure is closer to 12 ha (World Wild-
life Fund, 2009). If 9þ billion people in 2050 were to live as Australians do
today, more than 70 billion ha of productive land would be required.
However, the total amount available on the planet is only in the region of
8 billion ha. In other words our rich world footprint is about ten times as
big as it will ever be possible for all people to have.

l The climate change problem is probably the most confronting testimony
to the unsustainability issue. As discussed below, we probably should
totally eliminate carbon dioxide (CO2) emissions by 2050. It will be argued
that this cannot be done in the context of our current consumer-capitalist
society.4

But why should we think in terms of 9þ billion people aspiring to live as we do
today in rich countries? Even if we ignore the moral issues, the Third World is
determined to live as affluently as we do, whether we like it or not, and that is
what conventional economics holds out as the goal of “development.” So we
have to consider whether it is possible and what is likely to happen if the goal is
pursued.

These facts and figures make clear that rich world ways, systems, and living
standards are grossly unsustainable, and it is impossible for all to rise to
anywhere near the living standards we take for granted.

2.2. Economic Growth

The main worry is not the present levels of resource use and ecological impact
discussed above but rather the levels we will rise to given the obsession with
economic growth. The supreme goal is to raise incomes, living standards, and
the GDP as much as possible, constantly, and without any limit. If we assume
a 3% per annum economic growth, a population of 9þ billion, and all the
world’s people rising to the living standards we in the rich world would have in
2080 given a 3% growth until then, the total volume of world economic output
would have to be 60 times as great as it is now.

So even though the present levels of production and consumption are
grossly unsustainable, the fundamental goal in consumer-capitalist society is to
continually increase incomes and economic output, multiplying them toward
what would appear to be absurdly impossible levels in coming decades.5

4. In this book’s Chapter 7, Moran also discusses the physical difficulties in meeting carbon

reduction targets that are believed to be necessary by the scientific community by 2050.

5. Meyer et al. in this book’s Chapter 4 are among numerous authors making similar observations

as do the likes of Meadows, Meadows, and Randers, 1972; Ehrlich, 1972; Heinberg, 2003; Speth,

2001; and Kunstler, 2005.
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2.3. Technical Fixes

The common response to these types of limits to growth arguments is to claim
that the problems can be solved by technical advances that do not require
fundamental change away from consumer-capitalist society. However, this
position is highly implausible, given the magnitude of the problems and the
multiples sketched above. Greater energy efficiency, recycling efforts, pollution
control, and so on, are not likely to deal with present resource and ecological
impacts, let alone those a growth economy will generate in future years.

Amory Lovins, possibly the best known “tech-fix” optimist, believes we
could cut the resource and ecological costs per unit of economic output to one
quarter of the present levels (von Weizacker and Lovins, 1997). But even if we
accept those arguments, this would be far from sufficient. Let us assume that
present resource and ecological impacts must be halved, although some of the
above figures indicate the need for a much greater reduction. Again, if we had
9 billion people on the living standards Australians would have by 2080 given
a 3% growth rate, then total world economic output would have to be 60 times
as great as it is now. How likely is it that we could have 60 times as much
production and consumption while we cut resource and ecological impacts to
half their present levels, that is, achieve a factor 120 reduction? Hueseman and
Hueseman (2008) document the way significant advances in efficiency
improvement and impact reduction in recent decades have been outweighed by
increasing consumption, resulting in considerable net increases in resource
demands and ecological impacts within industrial societies.

2.4. The Unjust Global Economy

We in rich countries could not have anywhere near our present living standards
if we were not getting far more than our fair share of world’s resources. Our
per-capita consumption of items such as petroleum is around 17 times that of
the poorest half of the world’s population. The rich one-fifth of the world’s
population are consuming around three-quarters of the resources produced
globally. Many people receive such a minute share that 850 million are hungry
and more than that number have dangerously dirty water to drink. Half the
world’s people live on an income of $2 per day or less (Fotopoulos, 1997;
Speth, 2001; Chossudovsky, 1997).

This grotesque injustice is primarily due to the fact that the global economy
operates on market principles. In a market-based system, need is irrelevant and
is ignored, while goods go mostly to those who are richer, because they can
offer to pay more for them. Thus, we in rich countries get almost all of the
planet’s scarce resources while billions of people in desperate need get little or
none. This explains why one-third of the world’s grain is fed to animals in rich
countries while around 30,000 children die every day because they have
insufficient food and clean water.
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Even more importantly, the market system explains why Third World
development is inappropriate to the needs of Third World people. What is
developed is not what is most needed, it is what will make most profit for the
few with capital to invest. Thus, there is development of export plantations and
cosmetics factories but there is no development of farms and firms in which
poor people can produce for themselves the basic items they need. In many
countries there is almost no development because it does not suit corporations
to develop anything there, even though those countries have the land, water,
skills, and labor to produce most of the things they need for a good quality
of life.6

Even when transnational corporations do invest in poor countries, wages
offered in their factories can be as low as 15e20 cents an hour. Compare the
miniscule benefit such workers get from conventional trickle-down develop-
ment with what they could be getting from an approach to development that
enabled them to receive all the benefits from their own labor, applied via mostly
cooperative local firms producing the goods and services they most need. But
development of this kind is explicitly prevented by the conditions written into
the Structural Adjustment Packages inflicted on poor countries by the World
Bank and IMF.

“Assistance” is given to indebted countries on the condition that they
deregulate and eliminate protection and subsidies for their people, cut
government spending on welfare and publicly beneficial infrastructure, open
their economies to more foreign investment, devalue their currencies (making
their exports cheaper for us and increasing what they must pay us for their
imports), sell off their public enterprises, and increase the freedom for market
forces to determine development. The beneficiaries of such policies are the
transnational corporations, banks, and people who shop in rich world super-
markets. The corporations can buy up firms cheaply and have greater access to
cheap labor, markets, forests, and land. The produce of the Third World’s soils,
labor, fisheries. and forests flows more readily to our supermarkets, not to Third
World people.

In addition to the normal functioning of the global economy, rich countries
go to considerable clandestine effort to keep Third World countries to the
policies that suit us. Rich countries support repressive regimes willing to keep
their economies to the policies that enable corporations to extract their
resources, use ThirdWorld land for export crops, exploit cheap labor, and so on.
They invade and control countries threatening to follow policies contrary to
rich world interests. Rich countries could not have such high “living standards”
if a great deal of repression and violence was not carried out to keep unjust
systems in place, and rich countries contribute significantly to this (Chomsky,
1992; Goldsmith, 1997; Klein, 2007; Chossudovsky, 1997).

6. On the concept of “appropriate development” see Trainer, 2006c.
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These are the reasons why conventional development can be regarded as
a form of plunder. The Third World has been developed into a state whereby its
land and labor benefit the rich few in the world, not the majority of Third World
people. Rich world living standards could not be anywhere near as high as they
are if the global economy was just and we had to live on something like our
fair share of world resources.

These considerations of sustainability and economic justice show not only
that our predicament is extreme, but more importantly that the problems cannot
be solved in consumer-capitalist society. The problems are caused by the
fundamental structure of our socio-economic system. The argument has been
that there is no possibility of having an ecologically sustainable, just, peaceful,
and morally satisfactory society if we continue to allow market forces and the
profit motive to be the major determinant of what happens and if we seek
economic growth and ever-higher “living standards” without limit.7

2.5. Can Alternative Energy Technologies Solve the Problems?

The faith in the capacity of alternative technologies to solve the problems and
save affluence and growth society depends heavily on assumptions about the
potential of nuclear energy, geo-sequestration, and renewable sources. It is
therefore important here to briefly indicate the grounds for concluding that
these alternatives cannot meet the energy demands set by consumer-capitalist
society within safe GHG emission limits.8

2.5.1. Emission Limits

The IPCC Fourth Assessment Report concluded that a 50e80% reduction in
emissions would be necessary by 2050 (IPCC, 2007; SPM 7). However these
targets are now increasingly regarded as too low because, in the last few years,
observed global warming effects have been more rapid than were anticipated by
the IPCC Fourth Assessment Report of 2007 (Hansen et al., 2008). Other
studies conclude in effect that emissions must be reduced to zero by 2050
(e.g., Meinschausen et al., 2009).

2.5.2. Geo-Sequestration

According to the IPCC, geo-sequestration is not likely to extract more than
80%e90% of the CO2 generated at the power station and Hazledyne (2009)
points out that when all elements in the process are taken into account,
including for instance fugitive emissions from mining, the figure is 75%. If the
2050 emission limit is 5.7 Gt/y, as the IPCC says might be required, and if

7. This book’s Chapter 16 by Stulz et al. proposes a system that attempts to share global resources

more equitably among world’s inhabitants without impinging on high quality of life.

8. Further details are given in Trainer (2006g, 2007, 2008a).
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geo-sequestration captures 80% of CO2 generated, then 28.5 Gt/y could
be generated, corresponding to about 280 EJ of primary energy or 98 EJ of
electricity. This would provide 9 billion people with 11 GJ per capita
p.a.dabout 33% of the present Australian per capita electricity consumption
and only 4% of total Australian per capita energy consumption. Also 280 EJ of
primary energy from coal would be more than twice the present rate of use and,
according to some estimates, at the present consumption rate, global coal
supply will plateau within two decades (Energy Watch Group, 2007).

Another major difficulty is that geo-sequestration is only applicable to
stationary generating sources and would therefore not apply to perhaps 50% of
carbon fuel use. At best, only about 60% of transport could be converted to
electrical drive. Aircraft, ships, and heavy trucks cannot be run on batteries.
This would still leave unaccounted the possibly 60% of present final energy
demand that is in nonelectrical form, after electricity and that 60% of transport
have been accounted for. To convert from electricity to these forms of energy
will involve large losses, further discussed below. Fuel cells can power vehicles
other than cars, but these involve the significant losses, costs, and other diffi-
culties associated with hydrogen, referred to below in the discussion of energy
conversion.

Other significant difficulties for geo-sequestration concern the availability
of storage sites and the energy cost of the process. It is therefore not likely that
that geo-sequestration of CO2 can make a significant difference to the problems
set by providing energy affluence to all people.

2.5.3. Nuclear Energy

Lenzen’s (2009) review concludes that Uranium resources can sustain the
present nuclear contribution for about 85 years, indicating a cumulative
contribution of ca. 650 EJ. World energy demand by 2050 is likely to be
1000 EJ/y, meaning that unless fusion or fourth-generation breeders are
introduced, nuclear energy cannot make a significant long term contribution to
the global energy supply problem.9

2.5.4. Wind10

If wind was to supply one-third of the 1000 EJ/y required by 2050 then installed
capacity would have to be around 600 times the earlyemid 2000s capacity
(derived from Coppin, 2008). It is not plausible that enough sites could be
found, onshore or offshore, within tolerable distances of population centers,
due to the density of settlement. Trieb, a strong believer in renewable energy

9. On the questions regarding the fourth-generation breeder that would have to be settled, see

Trainer (2008a).

10. This book’s Chapter 13 by Arent et al. covers future prospects for renewable energy tech-

nologies, including a discussion of biofuels.
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resources, estimates European wind potential as about 2 EJ/y from onshore
sites and another 2 EJ/y from offshore sites (Trieb, undated). Some European
regions are probably close to their limits now. The main difficulty regarding
wind, however, has to do with intermittency, which Lenzen’s review concludes
will limit its contribution to about 20% of electricity demand, meaning ca. 5%
of total energy demand (Lenzen, 2009).

2.5.5. Biomass

Biomass is not likely to make a major contribution to global energy supply, in
view of likely yields, conversion efficiencies, and land areas. Chapter 5 of
Trainer (2007) reports what seem to be the most plausible estimates, that is, that
the yield for very large scale cellulosic biomass production is not likely to
exceed 7 tonnes per ha, and that ethanol or methanol production is likely to be
around 7 GJ net per tonne of biomass. Mackay (2008) and Foran and Crane
(2002) arrive at similar estimates, while Foran believes future output might rise
to ca. 90 GJ/ha.

If all people were to consume the quantity of oil plus gas Australians now
consume per annumdmore than 128 GJ/ydvia ethanol from cellulosic inputs,
a plantation area of around 23 billion ha would be needededon a planet with
only 13 billion ha of land.

It is not likely that 1 billion ha could be put into biomass fuel production,
given that the amount of productive land is in the region of 8 billion ha and
cropland takes 1.4 billion ha. The conditions for biomass energy production
will probably deteriorate in future. Land, forest, and water resources are
already stretched. Fertilizer availability, especially phosphorus, and price are
likely to set increasing difficulties, population is going to increase by 35%, and
food demand by a greater amount, and the greenhouse problem is likely to
reduce yields markedly.

One billion ha would yield 50 EJ/y of liquid fuel, an average of 5.5 GJ/y per
capita for 9 billion compared with the present Australian per capita
consumption of 128 GJ/y of liquid fuel (oil plus gas). Field, Campbell, and
Lobell (2007) believe that the global biomass production limit is 27 EJ/y,
corresponding to only about 9 EJ/y of ethanol.

2.5.6. Solar PV

The difficulties with solar PVare not primarily to do with quantity and cost but
with their variability and their integration into supply systems. For instance if
PV was to provide 20% of total supply, on a sunny day all this capacity would
go off stream within perhaps two hours at the end of the day and would then
need to be substituted for by some other source. Even on a good day PV
provides no energy for about 15 hours, and an entire national capacity might
provide almost no energy for weeks on end in a cloudy winter. A supply system
would need enough plant of some other kind to substitute for the entire
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contribution its PV component makes in full sunshinedunless large-scale
storage becomes possible, further discussed below.

2.5.7. Solar Thermal Systems

Solar thermal systems are likely to be the most effective renewable energy
technologies, in view of their capacity to store energy as heat. However their
capacity to deliver in higher latitudes, and in winter, is problematic. Unfortu-
nately crucial data are not made available by generating companies. Trainer
(2008b) attempts to estimate the electricity these systems might deliver to
distant consumers from deserts in winter, net of all energy costs. The figure is
likely to correspond to a flow of 20 W/m2 of collection area. If this is so,
a power station capable of delivering 1000 MW at a distance would require
some 50 million square meters of collectors, or 125,000 ANU Big Dishes.11 At
the anticipated future cost for the Big Dish (Luzzi, 2000) the power station
would cost $18.4 billion, some five times the cost of a coal-fired station plus
coal for lifetime operation. Not included in this estimate are the energy costs of
constructing the dishes, the ammonia facility, the transmission lines, or the
operations and management energy costs of all components.

The dollar cost is not the main concern. The frequency of occurrence of
cloudy days would limit the capacity of solar thermal systems to bridge gaps in
supply from the wind and PV components of a system. Equipping solar thermal
plants with the capacity to supply over a four-day cloudy period would require
8 times the 12-hour storage capacity currently envisaged.

It would seem to be fairly clear, therefore, that in winter, solar thermal
systems could not be the means whereby the gaps in supply from other
components of a wholly renewable electricity supply system could be filled.

2.5.8. The Conversion Problem

Discussions of the potential of renewable energy sources usually fail to take
into account the need to convert energy from forms that are available to forms
that are needed. Conversion is typically quite energy-inefficient, meaning that
much more primary energy needs to be generated than might appear to be the
case. For instance, fuelling transport by hydrogen generated from electricity
could require generation of about four times the amount of energy that is to
drive wheels (Bossel, 2004).

Electricity accounts for only about 25% of Australian final energy
consumption. If we assume that 60% of transport is to be run via electric vehi-
cles, thiswould leave the question ofwhere the perhaps 45%of energy other than
direct electricity and transport electrical energy is to come from, and what the
losses of energy might be in conversion of electricity into the needed forms.

11. The Big Dish refers to a 400-square-metre solar thermal parabolic concentrator driving a steam

turbine that is being developed by the Australian National University.

128 PART | I Challenge of Sustainability



The variability between summer and winter would more or less double the
magnitude of the conversion and dumping problems for solar sources, given
that in good solar regions, winter insolation is about half the summer value; the
multiple is much greater in the higher latitudes.

2.5.9. Renewable Energy Conclusions

Trainer (2010) attempts to estimate an annual investment figure for a global
energy system capable of meeting average demand through a mid-winter
month, based on geo-sequestration, nuclear energy, and renewables. The key
assumptions made in the paper are summarized in the appendix to this chapter.
The sum is in the region of 30 times the present world annual energy investment
total. It should be noted that this amount of plant would not solve the problem
of intermittency; that is, there would still be times when long periods of calm
and cloudy weather would cause supply to fall below demand.

The foregoing discussion points to a number of significant difficulties
regarding the capacity of alternative energy sources to substitute for fossil fuels
while maintaining consumer-capitalist society’s energy requirements. The
highly influential reports by Stern (2006), the IPCC (2007) and by Garnaut
(2008) to the Australian government all fail to deal with these critical issues.
The above analysis seems to seriously challenge or clearly invalidate major
conclusions arrived at in these reports, as well as the general assumption held
by governments, economists, and the general public that renewable energy
resources can substitute for fossil fuels.

It should be stressed that these have not been arguments against the
adoption of renewable energy technologies. On the contrary, as described in
Trainer (2007, Chapter 11), we should move entirely to these sources and we
could live well on them, but not in a society committed to high rates of energy
consumption, affluence, and growth.

3. THE ALTERNATIVE PATH

If the foregoing analysis of the global situation is accepted, we must attempt
to transition to an alternative path that would allow us to live well on a small
fraction of our present per capita resource consumption and ecological
impact. This, I believe, cannot be done without abandoning some of the basic
systems and values of our current consumer-capitalist society. The basic
features of a sustainable and just future socio-economic system would have
to include:

l Far simpler material living standards. This does notmean hardship or depri-
vation but rather being content with what is sufficient.12

12. For a discussion of human needs, wants, and desires, refer to this book’s Chapter 3 by

Bartiaux et al.
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l High levels of self-sufficiency at household, neighborhood, local, and
national levels with relatively little travel, transport, or trade. This means
mostly small local economies using local resources to meet local needs,
and a relatively minor role for national governments.

l Control over these communities by participatory systems, such as citizen
assemblies.13

l An economic system that is not driven by market forces and the profit
motive, although it might have a significant role for private enterprise and
markets, and without any growth.

l Most problematic, for such a socio-economic system to work there must be
a radically different culture, in which competitive and acquisitive individu-
alism is replaced by frugal, self-sufficient collectivism.

This vision does not threaten desirable high-tech or the training of highly
skilled professionals. In an economy greatly reduced by the elimination of
unnecessary and wasteful production, a greater share of resources than present
could go into these purposes. Many could opt to continue full-time work in
normal professions and trades, and it is assumed that significant changes do not
need to be made to property relations or personal wealth and income
differentials.

Advocates of “The Simpler Way” firmly believe that it would provide
a much higher quality of life than most people experience in today’s consumer
society. Consider for example having to work for money only one day a week,
living in a supportive community, and not having to worry about unemploy-
ment or insecurity in old age. These are among the benefits experienced by
people presently living in alternative communities.14

4. HOW MIGHT THE TRANSITION BE MADE?

As has been noted, the chances of achieving such a radical transition would
seem to be remote, given that the mainstream denies, ignores, and rejects the
themes discussed in this chapter,15 and given that we probably have no more
than 30 years left to make the transition.

The task is essentially one of gradually altering the dominant ideology; in
other words, working to change the worldview and values of ordinary people
in existing towns and suburbs, so that there will eventually be a willingness to

13. Participatory democracy is distinguished from representative democracy by having all deci-

sions made by all citizens. It is most easily practiced in small local contexts, but is applicable to

larger communities via delegations to federated assemblies, from which recommendations are sent

back to local assemblies for decisions.

14. For example, refer to the Global Ecovillage Network, 2009. For a more detailed account of the

proposed vision, refer to The Simpler Way website, http://ssis.arts.unsw.edu.au/tsw/.

15. For example, this book’s Chapter 6 by Bollino et al. reaches starkly different conclusions.
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pursue “The Simpler Way,” firstly, because it is understood as the solution to the
global predicament, and secondly, because it is seen as enabling a higher
quality of life.

There is powerful reluctance, indeed refusal, to think about the possibility
that consumer-capitalist society with its determination to pursue limitless
affluence and growth cannot be made sustainable or just. Above all, there is
presently strong antipathy to suggestions that the salvation is not possible
unless simple lifestyles and a zero growth economy are embraced.

These themes can be especially unpalatable for those who work in fields
such as energy technology where experience has typically been of success at
meeting demands for more and better supply within existing social systemdat
declining costs.

The goal of a thriving local economy under the control of conscientious and
contented citizens cannot be achieved by the use of force, state power, or
a centralized authority. It can only be learned, developed by, discovered by the
people in the towns and suburbs where they live, as they find their way to the
systems and procedures that work best for them in their unique social and
economic conditions.

Therefore the most important action strategy is to join in the efforts to
establish the new ways and systems in the towns and suburbs where we live.
This is the strategy that the Anarchist philosophy terms “prefiguring,” in other
words, starting to build the new society here and now within the old one that is
to be replaced. The main reason to do this is not to have established the new
ways, important though that is, it is to be in the best position to influence the
thinking of people in those neighborhoods, to try to ensure that their actions are
driven by a critical global consciousness of the need for vast and radical
change, as distinct from merely striving for reforms within our present growth
and affluence society.

For 30 years now the Global Ecovillage Network (2009) has pioneered the
building of settlements more or less of the kind proposed in this chapter.
However since 2005 when the Transition Towns, now Transition Initiative
(2009), burst onto the scene, it has taken the leadership of what might be termed
the Global Alternative Society movement. Hundreds of towns are now seeking
to develop more locally self-sufficient communities, motivated by the prospect
of “peak oil” and similar concerns, including the threat of climate change (see,
for example, Hopkins, 2009). If we make it to a sustainable and just world
within the next few decades, it will have been through some kind of Transition
Initiative process.

CONCLUSIONS

Most, if not all, of the recent discussions of the global situation have been based
on the assumptiondusually implicitdthat consumer-capitalist society can be
reformed to be sustainable, just, and socially acceptable. However the argument
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in this chapter has been that this assumption is seriously mistaken. The
alarming problems now threatening our survival are being caused by some of
the fundamental, defining characteristics of our society, and the main purpose
of the discussion in Section 1 of this chapter has been to show that these must be
replaced before the problems can be solved.

Most resistance to this view comes from the faith that technical advance, in
general, and alternative energy sources, in particular, can head off any need for
fundamental change in systems and values. Reasons for doubting these beliefs
have been sketched, that is, for concluding that we “cannot have our cake and
eat it too.”

If this case is sound, the solution to our problems has to involve the
abandonment of the quest for affluence and growth and a transition to a more
sustainable path; but the prospects for achieving this would not seem to be
encouraging.

APPENDIX

The key assumptions for the discussion in the body of chapter follow:

l Total primary supply required 1000 EJ/y
l Final energy supply 690 EJ/y
l Conservation effort and energy saving reduces this to 455 EJ/y
l Direct electricity 25%, transport 33% of final energy
l 60% of transport electrified
l Nuclear 8 EJ/y
l Hydro almost double present contribution to 19 EJ/y
l Geo-sequestration provides 51 EJ/y of electricity, corresponding to 23 Gt/y

of CO2 sequestered
l Biomass from 1 billion ha, yielding 50 EJ/y of ethanol
l Wind capacity .38 in winter
l Windmills of 1.5 MW(p) capacity assumed, costing $2.25 million
l PV solar to electricity efficiency at .13, and $6.5/W fully installed,

2.8 kWh/m/d winter insolation (compared with under 1 kWh/m/d in mid-
European regions)

l Solar thermal 400 square meter dishes at .19 solar to electricity efficiency,
5.5 kWh/m/d DNI (the best U.S. locations but somewhat lower than for the
Sahara)

l Ammonia heat storage at .7 efficiency
l $146,000 per dish, one-third present estimated commercial cost
l 10% of final demand as low-temperature heat supplied by solar panels
l Conversion of electricity to nonelectrical energy forms needed at .5

efficiency
l Wind and PV each contributing 25% of final energy supply, solar thermal

50%
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1. INTRODUCTION

There are increasing concerns about the sustainability of continuing with the
type and pace of economic development that the world has enjoyed since the
WWII reconstruction period, especially considering the effects of economic
growth on the environment. As a few chapters in the book point out, the
continuation of business-as-usual economic growth path may not be compatible
with long-term sustainability.

In this chapter we argue that a strong effort toward new technologies and
investments can allow us to sustain economic growth without endangering the
environment. We define this effort toward a new sustainable paradigm as con-
sisting of a mix of renewable sources, energy efficiency, and energy
savingsdissues discussed by others in the present volume. The crucial question,
of course, is howmuch investment is required to achieve a sustainable paradigm
and whether it is a plausible sacrifice compared with similar past investments.

Many scholars argue that climate change has a scale and global dimension,
which is unprecedented in the history of our planet, and this represents the

* The authors are particularly grateful for the comments and suggestions of Fereidoon Sioshansi

and for the excellent research assistance of Gianfranco Di Vaio and Silvia Micheli; all errors

remain our own.
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greatest challenge and price tag that humanity has ever known. Furthermore,
some scholars believe that the challenge is evenmore daunting, requiring nothing
short of decoupling future economic growth from environmental degradation, or
even more radical ideas including resorting to no-growth economics, local
economics, or other drastic socio-economic and lifestyle changes.1 Other
scholars, however, point out that climate change is a typical public goodfinancing
problem with the usual tradeoffs: it requires the imposition of immediate and
painful private costs in exchange for uncertain future public benefits.2

In this chapter, we argue that the difficulty in finding feasible solutions to
address climate change is a political, not an economic problem. The lack of
political will and willingness to cooperate, however, is not an exclusive
characteristic of the climate change, as exemplified by the recent failure of the
Copenhagen meeting in December 2009. The lack of cooperation is typical of
many vexing global questions related to human rights issues, trade agreements,
financial capital taxation, offshore tax havens, property rights, and the safe-
guarding of biodiversity. Each of these issues requires time before a solution can
be found. For example, negotiations to admit China to the World Trade Organ-
izationda rather trivial matter compared to climate changedtook over 15 years.

On the other hand, we know that every dollar of additional investment
generates at least an additional dollar of GDP, if it is financed by taxation, and
even more, if it is financed through private savings, according to the macro-
economicKeynesianmultiplier.3 This simple lesson about the incomemultiplier
effect seems to have been forgottenwhen politicians discuss the cost ofmeasures
needed to implement a proper mix of renewable sources, energy efficiency, and
energy savings. This is among the issues examined in this chapter.

The chapter argues that the size, intensity, and scope of policies required to
achieve future sustainability are similar to those employed in the past to sustain
economic growth, and hence there is no need for radical measures or a major
departure from our current socio-economic system. In Section 2, we present
a review of economic and legal tools capable of moving toward the aim of
sustainable growth with high standards of living, and discuss the monetary
costs necessary to achieve it. In Section 3, we make an analysis of historical
data, to assess the magnitude of past investment efforts and their effectiveness
in promoting growth and development. In Section 4, we evaluate the monetary
costs of a transition to a new sustainable paradigm, assess its plausibility and
welfare implications, and propose effective mechanisms to achieve the desired
target. Section 5 concludes.

1. In this book’s Chapter 7, Moran refers to a “romanticized version of the pre-modern world,”

while in Chapter 5 Trainer argues for abolishment of our growth-focused, consumer-oriented

socio-economic system.

2. Acemoglu et al. (2010) argue that the socially optimal allocationmay be reached by using temporary

taxes on the use of dirty inputs and subsidies to clean technologies, without halting long-run growth.

3. P. Samuelson, Economics, McGraw Hill, 18th edition, 2007.
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2. MARKETS, INSTITUTIONS, AND SOCIETY

The new sustainable paradigm involves a comprehensive strategy (Labandeira
and Martı́n-Moreno, 2009) geared to producers, markets, and institutions to
shift energy production toward renewable resources, as well as at consumers
to adopt lifestyles with low environmental impact (Jackson, 2005).

The issue of consumer habits and lifestyles is crucial and yet controversial.
There is considerable debate, for example, on a universal definition of human
needs for energy to sustain an adequate living standard. While economic theory
considers basic human needs to be finite, reaching a satiation level beyond
which diminishing marginal returns applies (e.g., Jackson and Michaelis,
2003), human needs appear to be elastic, expandable, and dependent on social
and cultural factors.4 Hence it is not clear if we can achieve a future world
where happiness and wellbeing continue to increase, while using a finite
amount of resources and goods.

This leads to other dilemmas. For example, will it be possible to reshape
consumption in developed societies to reduce the environmental impact while
maintaining a high standard of living while simultaneously increasing the
standards of living in developing countries?5 In our view, these two aims cannot
possibly be achieved in a world with no economic growth because we need new
investment, and investment needs growth.These issues are further explored below.

2.1. Sustainability, Prices, and Taxes

There is no single satisfactory definition of sustainability, not even the classical
definition of the Bruntland Commission.6 This is partly due to the fact that in
the very long term, everything is going to change, adapt, and evolve. What, for
example, will be the needs of a future generation in the year 2100? Will these
needs require more physical assets and personal possessions or a greater sense
of spiritual awareness and living in harmony with the natural environment?
In view of the difficulties in defining the concept of sustainability precisely, we
propose a practical definition in economic terms.

In a world where there are both traditional resources, such as fossil fuels,
and new resourcesdsuch as a mix of renewable resources, more efficient
energy saving technologies, and so ondwe know for sure that in the long run,
sustainability means that the share of new resources should approach 100%, as
existing resources are finite and therefore doomed to become exhausted.

4. Refer to Chapter 3 by Bartiaux et al.

5. This is the basic idea covered in Chapter 16 by Stulz et al.

6. The Bruntland Commission’s definition of sustainability is: “development that meets the needs

of the present without compromising the ability of future generations to meet their own need.”

United Nations General Assembly Report of the World Commission on Environment and

Development: Our Common Future (1987). Transmitted to the General Assembly as an Annex

to document A/42/427 e Development and International Cooperation: Environment.

139Chapter | 6 Sustainability: Will There Be the Will and the Means?



In the medium run we can predict the share of renewables as a function of
prices because the proportion between traditional and new resources depends on
their relative prices and consumer preferences. The reasoning is as follow: As the
price of finite resources rises over time, the price of renewables drops in relative
terms. This, in turn, makes new resources more attractive, encourages new
investments, and leads to new behaviors including the adoption of greater effi-
ciency. Over time, as the adoption of new technologies spreads, the share of new
resources increases. If new energy technologies grow faster than total demand, the
share of new resources in total consumption accelerates.With economies of scale,
the relative price of renewable energy resources falls, leading to faster penetration.

In this context, we define sustainability as increased investment in new
resources recognizing that this may lead to a number of sustainable trajectories.
Obviously, the higher the level of investment in energy efficiency and renew-
able resources, the more sustainable the future is likely to be.7

To make investment in renewables more attractive, their price must
approach those of alternative fossil fuelsdthe so-called price parity concept.
To achieve price parity, there are two alternatives:

l Either we wait until fossil fuel prices rise gradually due to growing scarci-
ties. This option entails significant environmental degradation while we
wait; or

l We fully internalize the externality costs associated with the use of finite
fossil fuels by filling the gap between the private and social costs through
taxes. Alternatively, we can capture the shadow benefits of renewable
resources through subsidies and/or mandatory standards.

Raising fossil fuel prices by including externalities, however, are politically
unpopular. History helps to assess to what extent a price increase can be sus-
tained by an economic system before political reaction takes over. Quoting an
anecdote from the Italian Renaissance, we know that when the Pope imposed
a tax on salt in about 1530, the inhabitants of Florence and Perugia reacted by
introducing the famous Tuscan bread, which is unsalted. In Florence, which had
partial access to the sea, the sacrifice was bearable. But in land-locked Perugia,
the population rioted in the streets, which resulted in the Pope’s army taking
control.8

The lessonmay be that amodest price increasemay be acceptable if the cause
is justified. But how much of an externality price, say a carbon tax, may be
bearable to promote new investment in renewable energy technologies and/or

7. This may be viewed as a simplistic definition of sustainability, but we think that throwing certain

concentration of greenhouse gases into a computer and claiming that the planet will survive below

a certain number of degrees of temperature rise and not any more, is equally simplistic.

8. Examples such as this illustrate the limits of demand reduction in response to a price increase. In

cases where the commodity in question is an essential and demand is inelastic, as in the case of

salt, there are obvious limits to how much prices can be raised before it becomes unacceptable.
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support additional investment in energy efficiency? In principle: “The most
appropriate response would be to set up a global infrastructure investment
program that gives the appropriate market signals to the private sector and levels
the playing field for alternative energy technologies” (Banuri, 2007). In practice,
we know that there is the menace of all sorts of distorting administrative
procedures, opaque bureaucracies, and stranded costs that continue to hang over
the new sustainable development process. And these issues would be amplified
on a global scale with highly uneven application of the basic principles.

The key question in this context is whether the world at large is in fact ready
to adjust the current prices of fossil-based energy resources to include their full
externality costs. Such an adjustment is ultimately needed to spur investment in
renewable technologies, as well as more efficient energy using capital stock and
in eventually changing our lifestyles and personal habits toward a more
sustainable future.

Economic theory can determine the appropriate price for this to happen, and
markets are flexible and resourceful if given the necessary time to make the
needed adjustments. But if the politicians consider the price adjustments to be
too high to be politically acceptable, they will be reluctant to impose them.

2.2. New Resources and Support Schemes

The preceding discussion indicates that reasonable relative cost adjustments are
needed to support further investment in renewable resources through policies
such as the inclusion of externality prices in tandem with the promotion of
energy conservation and reduction of waste.

In a perfect world, with full information and no constraints on government
tax policy, the strategy to promote new energy resources consists of setting up
a Pigouvian tax,9 a tax levied on usage of fossil fuels relative to the level of
greenhouse gases (GHGs) attributed to their use. This will create the necessary
incentives to reduce fossil fuel usage and therefore emissions. The resulting tax
revenue can be used to support investments in new resources and energy effi-
cient infrastructure. This is the basic idea behind a carbon tax, simple and
elegant in theory but unpopular in practice.

In practice, support mechanisms for new energy resources could be either
price-oriented10 or quantity-oriented.11 Economic theory has already shown

9. A Pigouvian tax is a fee paid by the polluter per unit of pollution, and is set to be exactly equal

to the aggregate marginal damage caused by the pollution (Kolstad, 2000).

10. With regulatory price-driven strategies, financial support is given through investment subsidies,

soft loans, tax credits, fixed feed-in tariff, or a fixed premium which governments or utilities are

legally obliged to pay for renewable energy produced by eligible firmsdso-called Green Certif-

icatesdor a premium for energy savings actionsdso-called White Certificates (Meyer, 2002).

11. With regard to regulatory quantity-driven strategies, governments define the desired level of

energy generated from renewable resources though schemes such as renewable portfolio standard

(RPS), popular in the U.S.
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which is better; it depends on the relative variability, or uncertainty, of the
expected costs and benefits. If the uncertainties associated with the imple-
mentation costs of new technologies are high, the price mechanism would be
preferred. If, on the other hand, there is high uncertainty associated with the
benefits to be achieved, then quantity regulation is superior (Nordhaus,
2001).

But are such tax schemes effective in the long run? For empirical evidence,
we can examine the effect of energy tax policies of European countries, broadly
considered as leaders in the developed world in emission reduction efforts and
in having energy efficient economic systems compared to, say, those in the U.S.
Historical comparison shows that at the end of the nineteenth century, energy
consumption per capita was similar in Europe and North-America: 2.21 toe
(tonne of oil equivalent) in the U.K.dmore or less in line with the Continental
Europedversus 2.45 toe in the U.S. (Maddison, 2003).

A century later, at the beginning of the twenty-first century, per capita
energy consumption stood at 3.89 in the U.K. but 8.15 in the U.S. Even
allowing for geopolitical variables including the significant military role of the
U.S. as a superpower and the defender of freedom in the world, which entails
using more energy than the rest of the Western world, today Americans
consume more than double what Europeans consume on a per capita basis, and
they do not necessarily enjoy a double standard of living relative to Europe.
This is not a moral judgment, but the result of numerous policies including the
fact that overall, energy prices in Europe are nearly twice as high due to higher
taxes, which encourage energy conservation.

As illustrated in Figure 1, differences in taxation policies among the two
continents has resulted in retail gasoline prices in the U.S. being roughly half
those in Europe (the gray line in Figure 1).12 Needless to say, given that oil
prices are virtually the same globally, this difference is entirely due to
differences in taxation. Over the same period, the relative energy consump-
tion doubled in the U.S. relative to Europe (the black line in Figure 1). There
is striking evidence of a negative correlation between the two lines from 1870
to 2009: when relative prices moved down, relative consumption per capita
went up. In addition, in periods when relative prices were constant, relative
consumption was also stable. At the end of the twentieth century, the
relative consumption ratio was higher than 2 and the relative price ratio just
below 0.5.

These dramatic differences occurred over a period no longer than 30 years,
roughly from 1950 to 1980, as shown in Figure 1, during a period of large-scale
structural adjustments induced by price differentials. This time scale, inci-
dentally, is comparable with the future horizon of our debate on achieving
sustainability, say the timeframe between the present and 2050.

12. The graph compares the U.S. and the U.K., but similar arguments apply to Continental Europe

where petrol and energy taxes are high relative to the U.S.
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From our point of view, these figures demonstrate a simple fact: even
without a careful analysis of other structural factors, such as population density,
income levels and so on, it is possible to induce less energy use by resorting to
tax instruments with significant results over a reasonable time period13 without
affecting the standards of living. Stated differently, energy taxes applied
consistently over a reasonable period of time can modify the relative prices
between fossil fuelsdwhich have considerable externalitiesdand new
renewable energy resources and they can be used as powerful incentives to
increase investments to transition to a long-term path of sustainability.

2.3. Lifestyle and Energy Consumption

There is tremendous inertia in our personal habits and lifestyles, and these
multiplied by millions of individuals and households explains our massive
energy use in aggregate terms, and is among the root causes of the climate
change challenge. A recent study, for example, concludes that approximately
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FIGURE 1 US-UK comparison between energy consumption per capita and retail petrol prices

(USD per barrel at 1999 prices) during twentieth century. Sources: IEA (2009) and Maddison

(2003). The energy consumption ratio between the US and the UK in 1870, which was 1.10 toe/per

capita, is indexed to one; the retail gasoline price ratio in 1870, which was 1.08 USD per barrel, is

also indexed to one.

13. This contrasts with the book’s Chapter 9 by Gray and Zarnikau, which claims that green taxes

have modest impact on energy use. The authors take a short-term view and fail to capture the long

run structural changes that we have discussed here.
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40% of GHG emissions within OECD may be attributed to direct decisions
by individuals for services such as travel, heating, and other personal needs
(Liverani, 2009). Of course, in a free market, all energy is ultimately used by
individuals, but clearly individual lifestyle and habits determine the level of
consumption and emissions, and individuals can alter their habits to lower
both.14

The literature indicates that even modest changes in lifestyles, and conse-
quently in consumption patterns, multiplied across large populations can
contribute toward reducing energy use and resource depletion. Similarly, it is
broadly recognized that:

l People can enjoy different levels of high-standard lifestyle with different
levels of energy use and environmental impacts.

l A high standard of living does not necessarily translate into a high level of
happiness or wellbeing.

l There is considerable scope for changing personal habits in rich countries to
substantially reduce energy consumption with only modest changes in life-
style and welfare levels (Thorgerson and Olander, 2002; Reuss et al.,
2003).15

Practical examples of lifestyle changes toward sustainability already exist.
Jackson and Michaelis (2003), for example, note that, in “. Britain, a variety
of movements and networks has developed, in which participants meet in small
groups to learn about environmental and social issues, explore lifestyle options,
and take collective action. Through mutual support in developing their own
culture of consumption, such groups have achieved and sustained significant
reductions in household resource use and waste.” Referring to a survey con-
ducted in the Netherlands, Biesiot and Noorman (1999) report that, in all
income groups, there are households with relatively low energy consumption
and related CO2 emissions. This suggests that there are ample opportunities to
reduce energy use across all economic segments and income levels. Adjust-
ments in spending habits in certain key categoriesdfor example, in transport,
for vacations, for home insulation, and so ondresult in rather drastic changes
in primary energy requirements.16

In general, the potential for lifestyle change is greater in rich countries
where consumption is often disconnected from basic needs and mainly involves

14. For example, see Reusswig, 1994; Lutzenhiser, 1997; and Duchin, 1998.

15. Curran and Sherbinin (2004, p. 118) emphasize that “this has practical importance, since it is

often argued that engaging consumers in low-cost activities such as recycling can reduce their

incentive to undertake the more costly behavioral changes required for sustainable consumption

because they feel that they have already ‘‘done enough.”

16. As another example, consumption of seasonal fruit, instead of importing fruits out of season,

reduces the annual energy impact per household by 15 GJ. Globally, each household can reduce its

impact by more than 1500 GJ by simple adjustments without degrading their lifestyle.
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positional goods17 which provide little or no net benefit, because if somebody
gains from their consumption, others perceive a symmetric disutilitydsuch as
in cases where consumers compete for status (Litman, 2007).

A vivid example of the potential for influencing personal choice with signif-
icant energy and environmental impact is the personal car. Consider the
composition of different transport modes in selected cities in the developedworld
(Figure 2). Aside from the unavailability of public transportation options or
bicycle lanes, many cultures associate wealth and status with private car owner-
ship,18 which creates a strong bias toward driving rather than bicycling, walking,
or taking public transport, as in theU.S. In bicycle-friendly cities like Amsterdam
and Copenhagen, where public transportation systems are reliable and extensive
and where social attitudes favor public transport to private cars, citizens can
enjoy high levels of mobility and lifestyle with little environmental impact.19

The point is that one can influence the choice of transport mode through
taxation, mass transit, bike lanes, parking fees, and a host of other instruments,
including making public transport to be “politically correct.” While it would be
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17. Positional goods play an important role in our current social context. For example, Carlsson

et al. (2007, p. 586) conclude that, “People may prefer not only to have a high income and

consumption level, but also to have more than others,” and “People perceive that they are receiving

a disutility if they are surrounded by others who have more than they do.”

18. Litman (2007, p. 1) reminds us that in 1986, during a parliamentary debate, the British Prime

Minister Margaret Thatcher famously said, “A man who, beyond the age of 26, finds himself on

a bus can count himself as a failure.”

19. We don’t believe that the quality of life in Amsterdam, Copenhagen, or Brussels is lower than

in typical U.S. cities.
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difficult to imagine a transformation of huge urban areas such as Houston or
Los Angeles to resemble Amsterdam or Copenhagen, the stereotype American
lifestyle is the image of a middle-class housewife driving a heavy SUV to
a store and consuming a gallon of gasoline to buy a gallon of milk.

As the transportationmode example illustrates, personal habits and lifestyles
can be influenced over time in favor of more efficient and less ecologically
damaging habits. Public education campaigns, such as those discouraging
smoking, can be effective. Such efforts may add to few decimals of a percentage
in terms of world GDP but could result in big energy savings over time. Given
that in the U.S., at least 35% of CO2 emissions may be directly attributed to
individual decisions and the U.S. lifestyle is twice as energy-intensive as the
European lifestyle, if U.S. citizens would realign their consumption toward
European levels, their global CO2 emissions could decrease by more than 15%.

3. HISTORY LESSONS

In our recent history, there have been periods where economic growth, devel-
opment, or major social or institutional changes were achieved through the
deliberate introduction of policies using the existing socio-economic institu-
tions. Often, these changes required major sacrifices, typically in reduced
present personal consumption to finance future economic growth or whatever
the goal might have been. Politicians typically led the changes and the public
generally supported them because the end justified the means. These efforts
usually resulted in lasting changes for the better.

For instance, the Industrial Revolution of the late nineteenth century was
certainly a period of decoupling between physical or manual labor and
economic growth. The initial sacrifice of society to promote investment in new
machinery and equipment resulted in a considerable reduction of hours
workeddfrom 1251 hours worked per capita in the U.K. in 1870 to 657 in
1998dwhile GDP per man-hour increased from 2.55 to 27.45 in real dollars
(Maddison, 2003). Of course, this was accomplished mainly due to large-scale
substitution of capital and energy for labor.

The crucial question facing us today is how can we achieve a new industrial
revolution, enabling us to decouple future economic growth from increasing
energy use and associated GHG emissions? Clearly, this future scenario of
a clean and green society must include continued economic growth and
a decline of fossil energy use in both absolute and relative terms. The need for
acceleration of investment must be flanked by an increase in aggregate savings,
which originates from the private sectordhouseholds and firmsdand the
public sector.20

20. In macro-economic terms, savings equal investment and it does not matter whether the savings

needed to finance investment come from the balance of payments (i.e., from foreign savers), public

deficit (i.e., future generations), or the private sector (i.e., current generation).
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3.1. The Marshall Plan

The European post-WWII period of reconstruction was one of exceptional
development, technological change, and rapid growth. What lay at the root of
such economic development? Certainly, one major cause was the Marshall
Plan. As described in a World Bank assessment, “The European Recovery
Program (the Marshall Plan) after World War II showed how mobilizing
resources on a grand scale can build economies and transform enmity into
partnership. The architects of the Marshall Plan accepted the challenge of
tackling ‘hunger, poverty, desperation, and chaos’ by rebuilding a continent in
the interest of political stability, social development, and a healthy world
economy. The Marshall Plan broke a vicious cycle of poverty and regret; it
supported economic reconstruction and social order; and it injected money and
ideas to rebuild Europe and herald more than 50 years of unprecedented peace,
prosperity, and partnership” (World Bank, 2003).

The program, named after the U.S. Secretary of State George Marshall,
offered assistance to promote Western Europe’s recovery, transferring roughly
$13 billion in aid from the United States between 1948 and 195121 (Table 122).
It played a role in expanding Western European capital stock, financing the
reconstruction of infrastructures, and alleviating shortages in resources.

The Marshall Plan did play a key role in “making possible the rapid
economic growth of a continent that was devastated by World War II”
(Eichengreen, 2007, p. 2), inaugurating the post-war era of economic prosperity
and political stability in Western Europe, and it did this mainly in three ways:

l First, it played a role in providing large quantities of aid to the Western
countries, to cushion consumption during the years of readjustment and
reorganization.

l Second, it helped loosen foreign exchange constraints and improved
capacity utilization.

l Third, it encouraged reductions in government spending, relaxation of
controls, and the opening up of economies to foreign trade (De Long and
Eichengreen, 1991).

However, by most accounts, the greatest success of the Marshall Plan was to
accelerate economic growth “by altering the environment in which economic
policy was made” and to induce policy shifts which “pushed governments

21. “Between 1948 and 1951 the U.S. transferred $13 billion to the war-torn economies of Europe.

(The Administration requested $14.2 billion, Congress authorized $13.4 billion, and $12.5 billion,

was ultimately made available. The $14 billion figure frequently cited includes appropriations for

economic assistance in Asia, mostly to colonial dependencies of the European participants.”

(Eichengreen and Uzan, 1992, p. 14).

22. Table 1 does not cover Germany. West Germany in the same period received less aid than Italy,

France, or the U.K as % of GDP, but it achieved the greatest growth rate in Europe (Eichengreen

and Uzan, 1992, p. 20).
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toward political and economic orders that used the market to allocate resources
and the government to redistribute wealth” (De Long and Eichengreen, 1991,
p. 2). These shifts in policy led to the creation of the “mixed economy” that
were market- and growth-oriented. Overall, the Marshall Plan can be thought of
as a large and highly successful structural adjustment program. It allowed
Europe to “. grow rapidly simply by repairing wartime damage, rebuilding its
capital stock, and redeploying men drafted into the wartime task of destroying
output and productive capacity to the normal peacetime job of creating them”
(Eichengreen, 2007). The rapid economic expansion of the early post-war years
largely reflected “catch-up growth.” Moreover, Europe could sustain its rapid
growth by exploiting the backlog of new technologies developed between the
two world wars but not yet put to commercial use (ibid).

The success of the Marshall Plan, however, was not limited to its sheer
economic size, but rather its political inspirations:

l First, the American generation of the time agreed to sacrifice part of its
income to finance capital transfers to another part of the world.

l Second, after the tragedy of the war, Western Europe joined in a common
effort to rebuild its economy and society, even though the final results
appeared far and uncertain.

l Third, Western European countries laid the foundations for a new organiza-
tion of mixed public and private institutions, investing in new infrastructure

TABLE 1 Marshall Plan Allotments as a Share of GDP*

Country Marshall Plan ($) 1948-1951* GDP 1948-1951 ($) % GDP

Austria 634,000,000 18,905,423,200 3.4%

Belgium 546,000,000 28,684,034,305 1.9%

Denmark 267,000,000 72,027,872,435 0.4%

France 2,576,000,000 64,099,751,615 4.0%

Ireland 146,000,000 2,652,203,773 5.5%

Italy 1,347,000,000 28,730,581,315 4.7%

Netherlands 1,000,000,000 29,603,130,443 3.4%

Norway 241,000,000 53,791,268,949 0.4%

Portugal 50,000,000 2,533,118,906 2.0%

Sweden 118,000,000 101,858,646,527 0.1%

United Kingdom 2,866,000,000 41,202,068,822 7.0%

* Source: Fauri 2006 and Penn World Table Version 6.3 (Heston et al., 2009)
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and technology, improving standards of living including the development of
a welfare system, which resulted in self-sufficiency in agricultural produc-
tion, the eventual creation of the European Community, and industrial
policies that created a thriving manufacturing sector while supplying essen-
tial services such as clean water, civilian housing, and infrastructure.

3.2. Growth Savings and Investment in Europe

In what sense can we say that the Marshall Plan was an example of a major
stimulus to development? Immediately after the beginning of the Marshall Plan,
in the crucial reconstruction period from the early 1950s to the early 1960s,
Europe experienced an acceleration of the private investment ratio to GDP, as
shown in Figure 3, where the investment to GDP ratio in the initial year is
standardized for major European countries at the level equal to 1. Measuring
years along the horizontal axis, we note that after 10 years, investment to GDP
ratio was between 1.2 and 1.6 times the initial level. As this increase, on
average, was from 15% to 23%e25%, we can state that the acceleration of
investment ranged around 8%e10% of GDP.23

Starting from the fundamental equation stating that investment must equate
the sum of public and private savings plus the balance of the foreign sector, we
know that resources available for investment must come either from households
and firms, from the public sector through taxation, or the contribution of the
balance of payments.24

We can estimate that the initial contribution to investment injected into the
European economies by the Marshall Plan25 was around 1% per year in the
period 1948e1951. Before the creation of the European Common Market in
1960, the aggregate balance of payments of Europe between 1950 and 1960
was around equilibrium, or at most in surplus around 1%e2% of GDP. In the
same period, the public sector was not producing any structural deficit but was
in equilibrium. In all, these figures show that foreign and public sector
contributions to the investment increase was around 2%e3%.

Thus, given a total investment increase of 8%e10% (and subtracting the
2%e3% contribution calculated above), we conclude that private sector

23. In particular, it should be noted that, apart fromGreece and other small countries, Italy and theU.K.

showed the fastest trend,whereasNorwayandBelgiumhad the slowest. EichengreenandRitschl (2009,

p. 213) have recently computed private and public savings for Germany in the period 1950e1960.

During this period, global savings were on average 16% of GDP and, until 1957, the public component

was twice the private one. Only in 1958 the private saving became greater than public saving.

24. We start with the savings-investment identity for an open economy: S � l ¼ X �M, where S is

savings, / is investment, and X and M are exports and imports of goods and services. This is

a consolidated approach (see Chenery and Bruno, 1962; Bacha, 1990; McKinnon, 1964; and

Eichengreen and Uzan, 1992).

25. According to some reconstructions of aggregate GDP around 1950, the total Marshall Plan

injection was about 3e4% of GDP (1950 values) spread over a period of four years (1948e1951).
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contribution to investment was worth roughly 6%e7% of GDP. This implies,
given the savings investment identity, that the generation of the 1950s increased
the saving rate by 6%e7% of GDP for at least a decade. In other words,
European households were able to save that much and lend it to the business
sector to build their future development and growth.

Was it worth it? With additional savings of 6%e7% of GDP, which means
a sacrifice of current in favor of future consumption from the early 1950s to the
early 1960s, the final result was a growth rate of GDP of 5% per year (Table 2);
this policy resulted in a doubling of GDP per capita in roughly 17 yearsdmore
than double the initial level.

The direct implication of the Marshall Plan was that Europeans were able to
rebuild Europe after the devastation ofWWIIwhile foregoingmore than one-fifth
of their current income to futuregrowth. In the process, theymanaged to build new
capital equipment at the rate of one-fourth to almost one-third of GDP per year
resulting in new industries, new infrastructure, new consumer goods, and new
social institutions that led to today’s high living standards and affluent society.

What can we learn from this experience today? We must remember that
during that period household lifestyles changed dramatically, entire pop-
ulations in Europe moved from rural habits, fireplace heating, and water from
wells to an urban culture, efficient gas-fired central heating, and drinking-water
from taps. More important, Europeans managed to build a new and peaceful
union while withstanding considerable threats from the former Soviet Union
during the cold war.

There are stark similarities between the efforts and the sacrifices repre-
sented by the Marshall Plan and the challenges of sustainability and climate
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change today. We are searching for present investment to lower future emis-
sions while building a new climate-friendly society. The question is whether the
current generation, globally speaking, is willing to bear the necessary sacrifices
required to finance such new investment today, to reap the benefits of a more
just, equitable, and sustainable future. Naturally, if we interpret such a sacrifice
as “reduction of mileage with a given car fleet,” for example, then we have
a reduction in energy consumption, which results in a reduction of GDP and
therefore a reduction in growth. What would be the future benefit of pursuing
such a scheme?

However, this misconception is based on the faulty assumption that the only
way to reduce energy consumption is to reduce GDP level.26 This rejects the
possibility that new technological progress can lead to new investment, which
enhances energy efficiency. Sowe can havemoremileage,with a new car fleet and
lower emissions. For example, the latest energy-efficient European car models

TABLE 2 Average GDP Growth Rates for Selected European Economies,

1950-1960, in Percent

Countries 1950-1955 1955-1960 1950-1960

Austria 0.06 0.06 0.06

Denmark 0.02 0.05 0.03

Spain 0.07 0.05 0.06

Finland 0.06 0.04 0.05

France 0.04 0.05 0.05

United Kingdom 0.03 0.02 0.03

Greece (1951-1960) 0.04 0.06 0.05

Ireland 0.02 0.00 0.01

Italy 0.06 0.06 0.06

Netherlands 0.04 0.04 0.04

Norway 0.04 0.03 0.03

Portugal 0.05 0.05 0.05

Sweden 0.03 0.03 0.03

Sources: Penn World Table Version 6.3 (Heston et al., 2009).

26. Those who suggest that we must sacrifice 0.5%e1% of global GDP growth to address climate

change (e.g., Stern, 2006) are missing the point. Their logic is that decarbonising the energy sector

would lead to economic decline.
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consumeonly3.8 liters of fuel per 100km, or roughly onegallon for every 60miles
traveled. Experts believe that these numbers can be significantly improved.

3.3. The Need for Sacrifice

The evidence suggests that Western market economies have been able in the
past to undertake a sustained, long-lasting burden of resource shift from
current to future consumption. The question, therefore, is why are we not able
to replicate the miracle growth of the 1950s in Europe by shifting investment
toward a new sustainable paradigm as defined earlier in this chapter?

In the case of Marshall Plan, the causal chain was from private
savingsdfunding from American taxpayers to private and public investment in
Europedwhich resulted in both private and public returns. Private sector profit
was primarily driven by extraordinary growth in aggregate demand and
productivity and, in addition, there were public returns in terms of political
stability, social development, social order, and lasting peace. The combination
of private and social returns is what has made European reconstruction an
extraordinary event in history.

What is essentially needed today is an initial subsidy to spur investment
which can lead to a combination of social and private benefits. But a number of
formidable barriers, including the existence of externalities, discourage private
investors from undertaking the necessary investments. The surprising paradox
is that there are considerable positive benefits accruable to all sectors of the
economy in terms of better environmental quality, long-term sustainability, and
economic development, not to mention avoiding some of the negative conse-
quences of climate change.

The parallel to the Marshall Plan is to find an initial global subsidy to
mobilize forced savings necessary to invest in the new sustainable development
paradigm. In this case, public intervention is justified to fully internalize the
existing externalities because present market mechanisms alone cannot achieve
efficient resource allocation. From an economic perspective, a mechanism is
needed to channel additional private investments toward a mix of renewable
resources, energy efficiency, and energy savings where the aggregate return is
higher than the initial investment.

The problem is that such a plan must be undertaken on a global scale to be
effective. Cleaning up one city, state, country, or continent does not address the
whole problem. As Nordhaus (2009) stresses, there is a need for coordination to
implement such an ambitious scheme worldwide, but cooperation is difficult
to achieve and requires time.27 Many countries, governments, politicians, and
stakeholders must be convinced if opportunistic behavior is to be avoided.

27. The construction of the Monetary Union in Europe took more than a decade. The International

Monetary System of Bretton Woods collapsed in 1971, and we are still in search of a new, efficient,

world payment system.
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The order of magnitude of the level of investment required for a coordinated
global effort will be discussed in the next section. It suffices to point out that the
additional cost imposed by nonparticipants on those who participate increases
in a nonlinear fashion. This means that an agreement among a limited group of
participants, excludingdor rather excusingdothers, would impose an astro-
nomical cost on the participants. This is one reason why the full participation of
all countries, or nearly all, is a necessary condition for success.

During the cold war confrontation between the U.S. and the former
U.S.S.R., both sides quickly concluded that the only possible outcome of
a nuclear war would have been mutually assured destruction and this forced
both parties toward self-restraint. Today, the unbearable cost of a unilateral
“green solution” in some parts of the globe and the certainty of the “assured
destruction” of global natural resources if all the countries in the world continue
with business-as-usual, leads us to conclude that a coordinated political solu-
tion will eventually be found.28

4. THE NEW SUSTAINABLE PARADIGM

This section provides an order of magnitude assessment of the investment
required to reach a new sustainable paradigm including a discussion of whether
such an investment is feasible in the context of current economic conditions and
the reasons behind the failure to reach global consensus in Copenhagen.

4.1. What Level of Investment?

In trying to provide an order of magnitude assessment of the investment level
required to reach a new sustainable paradigm, previously defined, we examine
several prior studies29 while assuming a high level of international cooperation
and global commitment.30 We start with three main questions:

l First, what is the desired mix of fuels, that is, the share of renewable
resources and its composition in a new sustainable paradigm. This is an
important determinant of the required investment costs.

l Second, how much energy saving is envisaged for the new sustainable para-
digm, who will be responsible for achieving it, and who will be paying for it,

28. In Fast forward: Ethics & politics in the age of global warming (2010), authors W. Antholis

and S. Talbott reach a somewhat different conclusion, pointing out that the threat of nuclear

annihilation is starkly different than climate change, which is invisible and gradual and, hence, can

be easily ignored.

29. The European Union, the IEA, the United Nations, G7, the U.S. and China.

30. According to the World Bank, “The many global challenges are deeply linkeddto each other

and to local concerns. So are their solutions. Managing global spillovers, both environmental and

social, and taking advantage of a window of opportunity over the next 20e50 years, will require

a big push by global institutions and by national and local institutions.” (World Bank, 2003).
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including the investment cost for energy-saving efforts and the reduced
profits of existing producers?

l Third, what is the required increase in technical efficiency, what is the inten-
sity of technological progress, and how much would it cost?31

We build our strategy comparing a business-as-usual (BAU) scenario with
a scenario similar to the one described in the International Energy Agency’s
(IEA’s) “450 parts per million (ppm) scenario” (IEA, 2009), which is suffi-
ciently detailed to address all three questions.

The BAU scenario describes a future in which energy markets evolve
worldwide without governmental intervention. In the absence of changes to
existing energy policies, fossil fuels remain the main source of energy, resulting
in growing energy-related CO2 emissions at similar growth rates until 2050
(IEA, 2009), with serious consequences for the world’s climate as documented
in other studies (e.g., Stern, 2006). Figure 4 shows the share of primary energy
sources in the IEA’s BAU scenario.

The IEA target scenario consists of three main components that include new
renewable resources, new energy efficient technologies, and behavioral changes
and new lifestyles. Broadly speaking, the first component includes increased
reliance on hydro, wind, biomass, tidal, geothermal, solar energy, and so on.32

Energy from renewable resources is capital-intensive and presently more costly
than conventional fossil fuel technologies, but there are reasons to expect these
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31. For example, refer to P-L Koskimiaki (European Commission Directorate General for Energy

and Transport), Energy savings indicators for policy development in EU, IEA Energy Efficiency

Indicators Workshop, Paris, 21 January 2009.

32. This book’s Chapter 13 byArent et al. describes the prospects for renewable energy technologies.
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prices to decline over time for a number of reasons including growing economies
of scale and the effects of learning by doing. McDonald and Schrattenholzer
(2001) show that the estimated learning rates are 1.4% for hydroelectric power
plant, 18% for wind power electricity, and 22% for solar PV panels.33

The second component in the mix of new resources includes investment in
new technology, mainly on the supply side including new fuels such as hydrogen,
carbon capture and storage technology, nuclear power, and suchlike.34

The third component includes changes in the demand side including
behavioral and lifestyle aspects of energy consumption such as switching off
lights in empty rooms, adjusting thermostat settings, buying more efficient
appliances, cycling to work, investing in home insulation, and so on. Numerous
studies have demonstrated that individual behavior can be modified by
emphasizing that “climate change is anthropogenicdthe product of billions of
acts of daily consumption” (Liverani, 2009). The significance of the third
component is well-known in OECD countries. Gardner and Stern (2008, p. 3),
for example, estimate that U.S. households directly account for 35% of national
CO2 emissions. Other studies have documented the role of new technology.
According to Liverani (2009, p.1), “. if adopted, existing efficiency
measures35 for households and motor vehicles can allow energy savings of
almost 30 percent, 11 percent of total U.S. consumption.”

To estimate the cost of investment required to achieve the target scenario
and assess whether it is feasible and sustainable, we start using the same level of
resource requirement envisaged in the IEA scenario to stabilize GHG
concentrations in the atmosphere at 450 ppm CO2-eq.

36 The projected global
energy investment is estimated to be around $25.6 trillion in 2008 dollars, or
roughly 1.4% of global GDP on average between now and 203037 (IEA, 2009).

The feasibility of the target scenario is conditional on the willingness of
national and international institutions, as well as citizens and businesses, to
fundamentally change the way energy is produced and consumed. The relative
importance of the three componentsdrenewable, efficiency, and life-
styledrequired to reach the target is depicted in Figure 5.

33. The authors summarize 26 data sets and consider technological improvement in various

countries.

34. A sister volume, Electricity generation in a carbon constrained world, edited by F. Sioshansi

(2009) covers many low-carbon supply-side options.

35. The role of new technology also arises when we compare the energy saved by curtailment

versus that saved by increased efficiency; the latter reduces more carbon emission and saves more

energy (Gardner and Stern, 2008, pp. 4e5).

36. Most studies of reductions in CO2 emissions agree that, to achieve a 450 ppm scenario, world

GHG emissions should peak in 2020 at 30.9 Gt and decrease to 15 Gt by 2050.

37. The share is lower in OECD countries (about 0.8% of GDP) and is highest in India, Africa, the

Middle East, and Russia (about 3%) (World Energy Outlook, 2009, IEA). Stern (2006) and others

have arrived at roughly similar estimates.
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While estimating the investment costs is important, IEA and others who
have conducted similar studies consistently fail to address the more critical
question: How are we going to achieve this level of commitment of financial
resources? To answer this question, one must clarify who should pay for what.
In the case of IEA cost projections, we believe that the emission abatement cost
is underestimated for the following reason. The required household behavioral
changes toward energy efficiency and energy savings entail a profound change
in consumer lifestyle and preferences, which involves extra costsdboth in
terms of explicit adjustment costs, and indirect costs such as perceived
happiness, psychological costs, and so on.

These extra costs, we believe, are not adequately reflected in the IEA’s
analysis and this aspect cannot be neglected, because people are at the basis of
our democratic political system. If consumersdvotersdare not convinced,
there is no way to achieve political consensus because, in our democratic
societies, policy decisions must follow voters’ sentiments.38 To mobilize
consensus, education, information, and communication must be applied to
convince the masses to change their lifestyle. To reflect these additional costs,
we assume that an additional effort equivalent to roughly 5% of the education
budget in developed countries will be required. Since the cost of education is
approximately 6% of GDP in developing countries, the additional investment
may be of the order of 0.3%e0.35% of GDP. Thus, the required level
of investment rises from 1.4% to about 1.75% of global GDP, or around
$32 trillion on an annual basis through 2030.
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38. This book’s Chapter 16 by Stulz et al., for example, refers to a referendum in Switzerland

where 75% of voters adopted a proposal to reduce their energy and carbon footprint. This citizens’

mandate is now reflected in the municipalities’ constitution.
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In practice, investment decisions are made by businesses, households, and
governmental organizations. The relative share of each sector may depend on
the economic structure of each country, but we can approximately calculate it
as follows: 80% must come from private sources (businesses and households)
and 20% from public sources (Table 3). Based on this assumption, businesses
will bear 49% of total investment in 2030, which amounts to about
$15.68 trillion, households 37% or $11.84 trillion, with the remaining 14% or
$4.48 trillion coming from the governments.

Table 3 provides a breakdown of the shares of total investment required by
the year 2030 by sector. We have constructed Table 4 to be consistent with these
assumptions so that its last row has the same figures as the last row of Table 3
for 2030 and its last column is consistent with the investment proportions of
Figure 5. In this way, the distribution of the costs to various sectors are
represented even though in the final analysis, all costs eventually accrue to
individuals through prices and taxes.

In this construct, businesses will collectively bear the lion’s share of the
financing challenge, roughly burdened by 49% of the total costs. Their efforts

TABLE 3 “Target scenario”- Investment Required by Sectors (Sources)

Year Businesses Households Government organizations Total

2020 41% 40% 19% 100%

2030 49% 37% 14% 100%

2030 $ 15.68 trillion $ 11.84 trillion $ 4.48 trillion $ 32 trillion

Source: Our own calculations based on our scenario and World Energy Outlook, 2009 (IEA)

TABLE 4 Investment Required by Targets and Sectors e Year 2030

Private industrial

investment

Household

actions

Government

intervention

Total

share

Energy efficiency 45% 3% 48%

Renewable resources 2% 23% 10% 35%

Energy savings and
lifestyle

2% 14% 1% 17%

Total 49% 37% 14% 100%

Source: our own calculations based on data of Table 3 and Figure 5 Note: the percentages refer to the
total investment required for the target scenario (US $ 32 trillion).
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will play a crucial role in developing and investing in energy efficiency
technologies, more efficient processes in industry, the development of cleaner
transportation options, investment in renewable power plants, purchase
of low-carbon commercial vehicles, and myriad other investments. The
financing for such business investments will come from many sources,
including private cash reserves, bank loans, foreign capital investment, debt
issue, and governmental support. Government policies affect corporate
investment decisions by means of subsidies favoring lower-emission tech-
nologies and penalties for emissions through a carbon tax or cap-and-trade
system. These additional costs will ultimately be passed on to consumers in
higher prices.

Households are assumed to finance around 37% of the additional investment
required. Their effort has two main targets: 23% devoted to new investment in
renewable resources and 14% to energy-using consumer goods, such as
household appliances and vehicles. In the building sector, energy-efficiency
costs are already incorporated into the initial costs of buying the buildings.
People’s motivation can be activated through incentives, educational and
information campaigns, and regulatory regimes implemented by governments.

The government’s 14% share will be concentrated on supporting schemes
for renewable resources, such as feed-in tariff schemes. Governments play an
important function by indirectly influencing investment decisions across all
sectors of the economy and directly through investments in infrastructure
including public buildings, the transport sector, nationalized power grids, and
other energy-related infrastructures. Moreover, governments typically play an
active role in support of research and development and can engage in educa-
tional campaigns to sensitize citizens toward achieving environmental and
sustainability goals.

The preceding scenario is in line with similar studies conducted by others
and is plausible in terms of quantity of resources required and the allocation
of investments among different sectors and policies to be implemented.
Politicians in democratic societies are aware that there is a need for policy
credibility and to tie sustainability to job creation and longer-term economic
benefits, as shown by the language used by the European Union (EU): “The
opportunities offered by the transition are wide-ranging, given that the eco-
industry already accounts, in total, for some 3.4 million jobs in Europe
offering particular growth potential.39

39. In Europe, renewable energy technologies already account for a turnover of V20 billion and

have created 300,000 jobs. A 20% share for renewables is estimated to mean almost a million jobs

in this industry by 2020dmore if Europe exploits its full potential to be a world leader in this field.

In addition, the renewable energy sector is labor-intensive and reliant on many small- and

medium-sized enterprises, spreading jobs and development to every corner of Europe. The same is

true of energy efficiency in buildings and products. In this context, many view the transition to

a low-carbon economy as an opportunity for Europe, rather than a cost (European Union, 2008).
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4.2. Political Feasibility

As outlined in Table 4, the required investment to reach a new sustainable
paradigm is to be split among businesses, private households, and governments.
For the scheme to work, each sector must take necessary steps to finance its
share. In theory, and on paper, this appears trivial.

In practice, it is anything but trivial. What is the feasibility of adopting
a grand scheme such as the one outlined in the preceding discussion given the
current geopolitical and economic realities?40 Would such an unprecedented
level of investment, amounting to 1.75% of global GDP, be acceptable to the
public, the business community, and the politicians? Would it be realistic? And
most important, how would it be financed?

Four critical questions must be addressed in this context:

l How are we going to achieve this level of funding?
l Would this be realistic?
l Is it unprecedented?
l Is it necessary?

The answer to the first crucial question is simple: governments must act
first, imposing the required level of taxation, of the order of 0.65% of
GDP.41 This will spur consistent private behavior with additional resource
mobilization equivalent to 1.1% of GDP, to reach the total target of 1.75%
of GDP.

Is this realistic? We note that this level of additional taxation is in line with
present levels of government intervention in many parts of the world. In the
European context, for example, it represents roughly one-third of actual total
energy tax revenuedhence it would not be exceptional.

Is this unprecedented? To put it in context, we refer to the Marshall Plan
where American taxpayers’ money, amounting to roughly 1% of European
GDP, resulted in increased private investment of the order of 6%e7% of GDP.
This suggests that the required investment is not out of line with historical
precedentsdbut, of course, much bigger in absolute terms since we are dealing
with a global issue.

Is it necessary? According to the scientific consensus, it is absolutely
necessary to act and to act decisively, which suggests that governments must
make the necessary commitments. This is crucial because, as noted in Section
3.3 “The Need for Sacrifice,” public benefits associated with a new

40. We also assume long-term structural invariance of balance of payments and public savings

worldwide, which means that the basic rules of fair trade and competition throughout the world

still apply and that the welfare and healthcare are still financed through public policies.

41. Based on Table 4 figures, we add the 23% needed for renewable resources by household action

(additional taxes) to 14% accrued to government intervention to calculate the required total

increase in taxation (public savings) equal to 37% of 1.75% of GDP, or 0.65% of GDP.
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a sustainable paradigm cannot be internalized by private investors alone. There
must be public intervention to spur private investment.

A final question may be how long will it take for a global consensus to
emerge, which is briefly addressed in the following section. The short answer is
that it may take a while, as exemplified by the U.S. healthcare reform passed in
2010. It took a very long time for this legislation to be enacted. Why should we
not be optimistic for a similar global resolve on the issue of climate change and
sustainability?

4.3. A Post-Mortem of the Copenhagen Conference

At this point, it may be appropriate to ask why bother with all the reasoning and
arguments after the inconclusive results of the United Nations’ (UN’s) spon-
sored conference held in Copenhagen in December 2009? We believe that our
quantitative assessment explains why Copenhagen failed.

We estimate that additional investments of the order of 1.75% of world GDP
is required for a prolonged period to achieve a new sustainable paradigm.
Participants in Copenhagen agreed to commit to a level of financing roughly
equal to 5%e10% of what is considered necessary and for a much shorter
period to assist the developing countries to address the climate challenge. This
turned out to be off the mark on at least three levels:

l First, the vague financial commitments made by the rich were a fractional
down-payment of the actual amount needed. With insufficient public
commitment to internalize the difference between private and social bene-
fits, private investment will not flow.

l Second, for any commitment to be credible it must apply to both donors as
well as the recipients. Treating such an investment as foreign aid is inappro-
priate since the underlying message was to ask developing countries to
reduce the growth rate of their GHG emissions without commensurate
commitments by the donor countries that they were going to reduce their
own.

l Third, as illustrated in the case of the Marshall Plan earlier in this chapter,
short-term injection of resources, while absolutely necessary, is not suffi-
cient to spur continued growth and sustained investment. By pledging vague
commitments to provide financial resources without a strategic plan or
a vision to alter the underlying business environment or economic policy,
the donor countries lacked credibility.

While this is not intended as a critique of the protracted UN process
exemplified by the failure of Copenhagen, it is clear that a new and transparent
political commitment, shared by all, is ultimately needed. The sustainability of
the world’s future cannot be based solely on continual trickles of foreign aid
from the rich to the poor countries. In particular, the developed countries have
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at least three good reasons to support a new political commitment toward
a more sustainable future:

l First, making investment to achieve future sustainability targets provides an
opportunity to emerge from the current world financial crisis.

l Second, the U.S. has an opportunity to reclaim its technological and moral
leadership while maintaining global supremacy in view of the serious chal-
lenges from the lower cost emerging economies.

l Third, for the EU, climate challenge offers a unique opportunity to promote
not just European culture and products but a more sustainable and healthy
lifestyle.

CONCLUSIONS

This chapter concludes on a positive note. Its main message is that we can
indeed have our cake and eat it too: Sustainability with high standards of living
can be achieved provided we are prepared to make an investment of the order of
1.75% of world GDP or, approximately, double the amount for the richest half
of the world. This is comparable with the extraordinary effort of the post-WWII
reconstruction of Europe.

The required level of investmentdwhile unprecedented in absolute
termsdturns out to be smaller than the historical examples in relative terms.
Moreover, we can rely on existing technical, legal, regulatory, anddmost
importantdfinancial and economic systems to make the necessary transition to
a sustainable future. The transition will not be painless or cheap and it will take
time, but it appears feasible. It does not require a radical change in our socio-
economic system, and it does not require a lowering of living standards, nor
unacceptable changes in lifestyles.

The chapter’s title asks if there will be the means and the will. We believe
that the answer to both questions can be given in the positive, with the
obvious caveats. Regarding the means, we argue that existing policy instru-
ments are adequate and fall within acceptable ranges, provided that there is
the political will.

But what about the will? Our opinion is that politicians can learn from past
mistakesdand successes. Contrast the tragic imposition of costly war repara-
tions imposed on Germany at the Treaty of Versailles following the end of
WWI to the generosity of Marshall Plan after WWII.

There was no generosity in Versailles: “The Americans had made it clear in
the fall of 1918 that they would insist on repayment of the loans they had made
to European Allies during the war. They had also decided not to commit
Treasury Funds to European Economic restoration. Hence, the British and
French came to rely increasingly on German reparation payments to put their
countries back on a solid financial footing.” (Cipriano Venzon, 1995).
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As history shows, the harshness of the repayment obligations imposed on
Germany led to bitter resentment and ultimately to WWII. This was not
unforeseen. As early as 1919, Keynes predicted that the Versailles Treaty was
unjust, not enforceable, and warned about the danger of German economic
depression, hyperinflation, and the collapse of European living stand-
ardsdfactors which eventually contributed to WWII (Keynes, 1971, ch. 1).

Contrast this with the generositydand the visiondof the Marshall Plan
after WWII:42 “This program will cost our country billion of dollars. It will
impose a burden on the American taxpayer. It will require sacrifices today in
order that we may enjoy security and peace tomorrow. To be quite clear, this
unprecedented endeavor of the New World to help the Old is neither sure nor
easy.”

The question is how did the political will for the Marshall Plan emerge? The
answer, in retrospect, is that we learned from the failure of the Treaty of
Versailles. In this context, can we learn from the failures of Kyoto and
Copenhagen to reach a consensus in the next round of negotiations? Perhaps
more important, what are the parallels between the Marshall Plandto save
Western Europe and confront the former Soviet Uniondand the threat implied
by climate change and lack of long-term sustainability?

We know that history does not grant second chances. If our present poli-
ticians do not perceive the threat of climate change and respond accordingly,
they will simply not be part of history.
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1. INTRODUCTION

Most politicians across the world recognize that measures to reduce carbon
dioxide emissions impose costs on their economies. The costs are incurred
whether the approach used is a carbon tax, cap-and-trade, or more targeted
regulation.

Almost all political leaders have said they accept that should anthropogenic
emissions continue to rise, there would be serious, perhaps catastrophic losses
to the global economy1 and to ecologically valued features. Even so, whatever
their views of the costs of inactivity, politicians at Copenhagen (December
2009) and Cancun (December 2010) failed to agree on meaningful measures to
reduce emissions.

Some leaders may have hoped for an agreement whereby costs would be
incurred on their nations’ behalf by others. But the most likely explanation for
the failure is that political leaders could not accept the costs involved in taking

1. Note however the 2007 Synthesis Report at 5.7 says, “For increases in global average

temperature of less than 1 to 3�C above 1980e1999 levels, some impacts are projected to produce

market benefits in some places and sectors while, at the same time, imposing costs in other places

and sectors. By 2050, global mean losses could be 1 to 5% of GDP for 4�C of warming, but

regional losses could be substantially higher.” Table SPM 7 puts the costs of stabilization at

535e590 ppm at 1.3% of GDP in 2050.

Energy, Sustainability and the Environment.
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defrayment actions or that they consider the benefits from them to be
unachievable or inadequate.

Salvaged from the December 2009 Copenhagen Conference and the dozen
or so preparatory conferences leading up to it, was a “commitment” to maintain
global temperatures below a 2�C increase. The Copenhagen Accord said2:

To achieve the ultimate objective of the Convention to stabilize greenhouse gas

concentration in the atmosphere at a level that would prevent dangerous anthropogenic

interference with the climate system, we shall, recognizing the scientific view that the

increase in global temperature should be below 2 degrees Celsius, on the basis of equity

and in the context of sustainable development, enhance our long-term cooperative

action to combat climate change.

There was no detail of what this might entail in terms of CO2-e levels
globally. Nor were there concrete estimates provided of the measures necessary
to effect this by individual countries or country groups. The Accord confined
itself to noting that

“deep cuts in global emissions are required according to science.”

In line with the Accord, developed countries submitted “quantified
economy-wide emissions targets for 2020” by January 31, 2010. Those lodged
by major countries are shown in Table 1.

TABLE 1 Quantified Emission Reduction Targets for 2020 from Selected

Countries, Percent

Country Base year

Unconditional

commitment

Conditional

target

Australia (2000) 5 15-25

Canada (2005) - 17 aligned with US

EU (1990) - 20/30

Japan (1990) - 25

New Zealand (1990) - 10-20

Norway (1990) - 40

Russian
Federation

(1990) - 15-25

USA (2005) - 17

Source: UNFCCC http://unfccc.int/home/items/5264.php.

2. Decision -/CP.15. The Conference of the Parties takes note of the Copenhagen Accord of 18

December 2009.
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The only country registering an unconditional reduction commitment was
Australia, and that was just 5%. It was also made in spite of measures the
Government considers essential to reach such an abatement target having been
rejected by the Australian Parliament. In April 2010, the Australian Govern-
ment announced a deferral of its emission reduction tax, previously planned to
commence in 2010, until at least 2013.

To achieve stabilization of CO2 and its equivalent would require annual
emission reductions for the world as a whole in the region of 60%e80% by
2050dmore in per-capita terms. The IPCC reduction scenarios infer global
emission levels at 2.2 tonnes per capita3 to limit temperature rises to2�C, reductions
that would cut North American emissions to 12% of the current year’s level and
require a halving of China’s present (and rapidly growing) emissions. As indicated
in Table 1, conditional reductions by developed countries offered for the coming
decade are in the 15%e40% range. Developing countries have offered reductions
that would, at most, shave their expected business-as-usual emission levels.

For economies seeking to reach living standards comparable to those inOECD
nations, radical emission reductions present a challenge thatmay be impossible to
reach. The challenge is hardly less daunting for the developed nations, even those
already experiencing lower emission levels, since in many cases these levels
have been reached by relying on nuclear and other low-emitting sources, and
further replacement by these of other fuel sources is likely to be more difficult.

Of course, if people were to adopt radical changes in their lifestyles, major
emission reductions are conceivable. Some contributors to this book, for
example Trainer (Chapter 5), are confident that lifestyle changes, changes in
behavior, significant investments in energy efficiency, and increasing penetra-
tion of noncarbon energy resources will meet the challenge of climate change.

This chapter addresses current annual global emission levels and those
required to stabilize atmospheric concentrations. It explores the sources of
emissions and the possibilities of abatement across different sectors and uses,
and the costs that might be entailed in achieving abatement reductions,
culminating in the chapter’s main conclusions.

2. CURRENT GLOBAL EMISSION LEVELS

In agreeing to the Copenhagen Accord, political leaders declared that aggregate
annual levels of CO2-e emissions in the years to come must be reduced from
current levels that are said to be dangerously high and are rising. The energy
component of these is responsible for over three quarters of the total, and
globally stood at a level of 4.54 tonnes per capita in 2008.

Australian emissions were higher than those of other large- and medium-
sized economies at 21 tonnes per capita, though among smaller economies,
Singapore at 35 tonnes, UAR at 43 tonnes, and Qatar at 74 tonnes were higher.

3. http://co2now.org/index.php?option¼com_content&task¼view&id¼70&Itemid¼51.
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U.S. emissions were 19 tonnes and Canada’s 17. The EU’s emissions stood at
8 tonnes, Russia’s 12 tonnes, and Japan’s 9.5 tonnes.

Among the most rapidly growing developing countries, emissions were very
low in India at 1.3 tonnes per capita, but already exceeded the world average in
China at 4.9 tonnes. Africa had just 1.1 tonnes per capita, boosted somewhat by
South Africa and Libya (both over 9 tonnes per capita). The many impoverished
regionswithin theAfrican continent had very low emissions, for example Chad at
0.02 tonnes and Uganda at 0.06 tonnes. The pattern in Africa, where the poorest
countries generally have the lowest emission levels, is seen elsewheredthe Latin
American average was 2.6 tonnes, with particularly low emissions in the poorest
countries such as Haiti, 0.023 tonnes, and Paraguay, 0.058 tonnes (see Table 2).

An alternative way of addressing relative emission levels is by examining
them in relation to real income levels. For the world as a whole in 2008, there
were 0.46 metric tonnes of emissions per thousand dollars (U.S. 2005) of GDP.

TABLE 2 Per Capita emissions of CO2, Selected Countries and Groups,

tonnes per annum

2004 2005 2006 2007 2008

Canada 19.073 19.301 18.361 17.877 17.268

United States 20.367 20.26 19.803 19.925 19.183

Europe 7.958 7.932 7.974 7.905 7.805

Russia 11.452 11.455 11.823 11.666 12.291

Bahrain 34.104 36.663 39.775 41.03 43.215

Qatar 50.923 66.535 69.364 70.571 74.127

United Arab Emirates 34.167 34.208 36.411 38.461 43.105

Africa 1.156 1.169 1.154 1.163 1.145

Australia 19.407 20.326 20.233 20.321 20.823

China 3.951 4.255 4.461 4.726 4.912

India 1.053 1.09 1.164 1.233 1.311

Japan 9.889 9.766 9.757 9.908 9.539

Singapore 29.031 30.244 31.188 33.864 34.609

Latin America 2.401 2.467 2.52 2.581 2.664

World 4.325 4.406 4.442 4.517 4.54

Source: US Energy Information Administration, http://tonto.eia.doe.gov/cfapps/ipdbproject/
iedindex3.cfm?tid¼91&pid¼47&aid¼31&cid¼&syid¼2004&eyid¼2008&
unit¼MTCDPUSD&products¼47
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Several European countriesdespecially those with significant nuclear and
hydroelectricity facilitiesdare at about half of this level and some impov-
erished nations are even lower. Some countries like Australia and the U.S. with
high levels of emissions per capita are much closer to the average in terms of
emissions per unit of gross domestic product (GDP) (see Table 3).

TABLE 3 Metric tonnes of CO2 emitted per thousand dollars (US 2005) of

GDP

2004 2005 2006 2007 2008

Canada 0.54 0.535 0.499 0.478 0.463

United States 0.494 0.482 0.463 0.461 0.443

Latin America 0.311 0.307 0.301 0.294 0.292

Austria 0.292 0.291 0.267 0.251 0.24

Belgium 0.467 0.449 0.411 0.403 0.431

France 0.219 0.216 0.213 0.2 0.206

Germany 0.353 0.342 0.333 0.317 0.312

Italy 0.298 0.297 0.289 0.28 0.279

Poland 0.589 0.56 0.548 0.507 0.485

Portugal 0.301 0.311 0.285 0.278 0.262

Spain 0.338 0.338 0.319 0.313 0.29

Sweden 0.21 0.194 0.183 0.177 0.178

Switzerland 0.171 0.168 0.162 0.151 0.157

United Kingdom 0.286 0.28 0.273 0.256 0.257

Europe 0.332 0.324 0.316 0.304 0.298

Russia 1.027 0.961 0.916 0.832 0.826

Iran 0.671 0.702 0.709 0.678 0.67

Saudi Arabia 0.837 0.823 0.79 0.817 0.842

Africa 0.489 0.479 0.457 0.445 0.425

Chad 0.012 0.013 0.014 0.015 0.015

South Africa 1.638 1.526 1.489 1.466 1.383

Australia 0.579 0.598 0.586 0.573 0.582

China 1.048 1.028 0.971 0.916 0.88

(Continued)
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Based on Table 3, the relationship between income levels and emissions is
most evident with regard to the poorest countries. For the rest, nations’ economic
structures and fuel choice options carry greater weight, and the diversity of
outcomes is similar to that illustrated on a per-capita basis in Table 2.

As discussed in the next section, international trade means countries that
export energy intensive products incur emissions on behalf of other countries.
This tends to reduce the national emission levels of many developed countries
while exaggerating those of some developing countries and resource-rich
countries like Australia.

3. ANNUAL EMISSIONS LEVELS REQUIRED
FOR STABILIZATION

3.1. Overall Requirements

The Stern Report (2006) sought reductions in global emissions of CO2 by 80%
of current levels by 2050. Stern argued that the economic cost will be 1% of
world GDP, “which poses little threat to standards of living given that the
economic output in the OECD countries is likely to rise by over 200 percent
and in developing countries by more than 400 per cent” during this period
(P.239).

The Waxman-Markey Bill, which narrowly passed in the House, requires
a 20%reduction inU.S. emissions from2005 levels by2020 andan83%reduction
by 2050. The Senate version of the same bill envisioned a 17% reduction from
2005 level by2020, the targetmentionedbyPresidentObama atCopenhagen. The
longer term level of reduction would bring U.S. emissions to the present world
average and is consistent with stabilizing global CO2 equivalent emissions
somewhere between the present 450 and the projected 550 parts per million.

TABLE 3 Metric tonnes of CO2 emitted per thousand dollars (US 2005) of

GDPdcont’d

2004 2005 2006 2007 2008

India 0.507 0.487 0.482 0.475 0.483

Indonesia 0.463 0.47 0.486 0.509 0.518

Japan 0.332 0.322 0.315 0.312 0.303

New Zealand 0.384 0.383 0.369 0.349 0.355

World 0.502 0.495 0.481 0.471 0.464

Source: US Energy Information Administration, http://tonto.eia.doe.gov/cfapps/ipdbproject/
iedindex3.cfm?tid¼91&pid¼47&aid¼31&cid¼&syid¼2004&eyid¼2008&
unit¼MTCDPUSD&products¼47
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As shown in Table 4, most developed countries’ trajectory CO2-e plans are
similar.

Although the Copenhagen Accord was silent on what might be entailed in
its aspirational maximum 2�C increase in temperatures, from additional
material made available by the IPCC, it might be inferred that the objective was
to progress to an “immediate” 30% reduction in global emissions, which the
IPCC suggests is necessary to stabilize CO2-e levels (see footnote 2).

Targets generally do not take into consideration population increase. By
2050 the world population is expected to be 44% above that of 2005.4 Given the
per-capita levels of 4.5 tonnes of CO2 prevailing in 2004, if an aggregate 30%
reduction was the target, with a 44% population increase this means emissions
at 2.2 tonnes per capita as illustrated in Figure 1.

The 2.2 tonnes per capita target is comfortably above the African average of
1.14 tonnes per capita, a level that is accompanied by low living standards; as
previously mentioned South Africa, the continent’s most advanced country, at
9.8 tonnes has over fourfold the target levels. The target level is also below the
current Indian level but, though India has a large and growing middle class
enjoying living standards comparable with those of developed countries, this is
only 10% of the nation’s population. One evocative point about India is that, in
2005, 52% of households did not even have electric lighting in their homes.

An important and under-emphasized feature of country comparisons of
emission levels is the degree to which emissions are outsourced. Countries like
Australia have major export industries, like aluminum, that are energy intensive

TABLE 4 Jurisdictions’ proposals for emission reductions at Copenhagen

Comparisons in CO-e levels

Country 2020 targets 2020 per capita reduction 2050 targets

Australia 5-15 per cent below
2000 levels(4-14 per
cent below 1990 levels)

27-34 per cent below
2000 levels(34-41 per
cent below 1990 levels)

60 per cent below
2000 levels(60 per cent
below 1990 levels)

EU 20-30 per cent below
1990 levels

24-34 per cent below
1990 levels

60-80 per cent below
1990 levels

UK 26-32 per cent below
1990 levels

33-39 per cent below
1990 levels

80 per cent below
1990 levels

US Return to 1990 levels 25 per cent below
1990 levels

80 per cent below
1990 levels

Source: Carbon Pollution Reduction Scheme: Australia’s Low Pollution Future, Australian Depart-
ment of Climate Change, December 2008

4. www.npg.org/facts/world_pop_year.htm
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and therefore incur the emissions used by other countries. Davies and Caldeira5

estimate the United States outsources 11% of its total emissions to developing
countries, Japan outsources nearly 18%, and European nations from
20%e50%. Switzerland outsources over half of its total emissions.

Confusion about what the targeted emission reductions entail is further
illustrated by the statements of political leaders. Thus far the main agreement
negotiated at the Copenhagen precursor in L’Aquila, Italy in July 2009 required
the developed countries to reduce their emissions in 2050 by 80% and the
developing countries by 50%. Present per-capita emission levels of CO2 are
11.5 and 2.4 tonnes for the developed world and the developing world,
respectively. Using simple arithmetic, by 2050 the 80% cut would leave the
developed world with 2.9 tonnes of CO2 per capita and the developing world
with less than half of this at 1.2 tonnes per capita. Moreover, this is based on the
unlikely event of population growth in the developing countries slowing to the
level of that in the developed world.

3.2. Sectors and End-Use Activities Creating Emissions

Energydin the form of combustion of fossil fuelsdis responsible for the great
bulk of emissions and these are distributed roughly 30% to both industry and
transportation and 20% to commercial and residential activities. Figure 2
illustrates the sources and end uses of emissions globally.

U.S. EPA data demonstrate the extent to which the energy sector (the top
portion of Figure 2) dominates the greenhouse gas (GHG) emissions,
accounting for 85% of the total.

Looking at end-use emissions, the distribution is different. Land, like the
oceans, is both a natural source of emissions and a sink for those emissions. The
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FIGURE 1 Emission goals per capita compared with current levels. Source: Derived from UNDP,

Human Development Report, http://hdr.undp.org/en/statistics/data/hdi2008/.

5. Steven J. Davis and Ken Caldeira. Consumption-based accounting of CO2 emissions. PNAS.

www.pnas.org/cgi/doi/10.1073/pnas.0906974107
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CO2

World Greenhouse Gas Emissions by Sector

Sector

Transportation 13.5%

Carbon Dioxide

(CO2)   77%

Electricity & Heat

Other Fuel
Combustion

Industry 10.4%

Fugitive Emissions
Industrial Processes

Land Use Change

3.9%
3.4%

18.2%

13.5%

3.6%Waste

Agriculture

24.6%

9%

Road 9.9%

Air 1.6%
2.3%Rail, Ship

& Other Transport

Cement 3.8%

Oil/Gas Extraction,
Refining & Processing 6.3%

Agriculture Soils

Livestock & Manure 5.1%

6%

Deforestation 18.3%
-1.5%Afforestation
-0.5%Reforestation
2.5%Harvest/Management

-0.6%Other

Other Industry 5.0%

Chemicals 4.8%

Commercial Buildings 5.4%

Residential Buildings 9.9%

End Use/Activity Gas

E
N

E
R

G
Y

HFCs,
PFCs,
SF6
1%

(CH4)   14%

(N2O) 8%

Methane 

Nitrous Oxide

Aluminium/Non-Ferrous Metals 1.4%

Unallocated
Fuel Combustion 3.5%
Iron & Steel 3.2%

2%Landfills
1.6%Wastewater, Other Waste

All data is for 2000. All calculations are based on CO2 equivalents, using 100-year global warming potentials from the IPCC (1995),
based on a total global estimate of 41 755 MtCO2 equivalent. Land use change includes both emissions and absorptions. Dotted
lines represent flows of less than 0.1% of total GHG emissions. 

Source: World Resources Institute, Climate Analysis Indicator Tool (CAIT), Navigating the Numbers: Greenhouse Gas Data
and International Climate Policy, December 2005; Intergovernmental Panel on Climate Change, 1996 (data for 2000). 

(GHG)

FIGURE 2

1
7
3

C
h
ap

ter
|

7
Is
It
P
o
ssib

le
to

H
ave

It
B
o
th

W
ays?



extent of this differs country by country depending on the land-use activities,
population density, and other variables. The larger, sparsely populated
countries tend to be net sinks. Globally, one reputable estimate has land ann-
ually absorbing over 9 billion tonnes of CO2. On the basis of its share of the
world land area, even without any positive steps to enhance sinks, Australia is
likely to absorb a net 137million tonnes of CO2-e a year.

6 This is considerably in
excess of the 90million tonnes of emissions attributed to agriculture inAustralia.

As Table 5 shows, emission reductions from land use and its changes in the
U.S. also comfortably exceed emissions from agriculture. In the U.S. case, as
with many other countries, the natural absorption is augmented by agricultural
practices.

There is considerable overlap between different usages classifications. Thus
the above estimates put residential and commercial use at 2,480million tonnes of
CO2-e or 35% of gross emissions in the U.S. However, much of this total is the
burning of energy itself in heating and lighting within buildings. As shown in
Figure 3, the IPCC’s classification places buildings at around 10% of emissions.

3.3. Electricity Production and Consumption

Over the longer term, energy used per unit of GDP has dropped markedly in
OECD countries. The U.S. Energy Information Administration data (Figure 4)

TABLE 5 US Emissions by Usage Sector (m tonnes CO2-e)

Implied Sectors 1990 2007

Industry 2,166.5 2,081.2

Transportation 1,546.7 2,000.1

Commercial 942.2 1,251.2

Residential 950.0 1,229.8

Agriculture 459.2 530.1

U.S. Territories 34.1 57.7

Total Emissions 6,098.7 7,150.1

Land Use, Land-Use Change,
and Forestry (Sinks)

(841.4) (1,062.6)

Net Emissions (Sources and Sinks) 5,257.3 6,087.5

6. Pers. Comm. with CSIRO’s Dr Michael Raupach.
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show world energy in 1949 at 19.47 thousand BTUs per unit of GDP (2000
prices) had fallen to 8.52 by 2008.

Further reductions in energy intensity are likely, though much will depend
on energy price trends. Most of the reduction in the EIA energy to GDP ratio
came in the years after 1973 when prices increased in real terms. Figure 5
shows similar trends in lower energy usage are evident for developing countries
and the world as a whole.

Since 1980 GHG emissions relative to GDP have been on a fairly similar
downward trajectory to energy use (see Figures 4 and 5), largely reflecting little
change in share between fossil fuels and nonfossil fuels. But a trend in the mix
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of energy supply toward lower carbon inputs as a result of tax or other regu-
latory penalties would bring a lower emissions to GDP ratio by conferring
a relative price advantage on fuels with no CO2 emissions (like nuclear) or low
emissions (like gas).

The U.S. National Academy of Sciences (NAS) report America’s Energy
Future (AEF)7 argues that there are many ways that the U.S. could obtain
energy efficiency improvements “and reductions in GHG emissions through
accelerated deployment of existing and emerging energy supply and end-use
technologies.” Given such analysis and the observed trends in the emissions to
GDP ratio, further improvements are likely. Of course, on such trends this
would not bring about the sort of reductions in aggregate emissions that global
negotiations have been seeking, not least because if lower income countries are
to catch up with OECD living standards, notwithstanding efficiency gains, their
own emissions will strongly increase.

If CO2 emissions are to be reduced, electricity must be the main source of
those reductions. Electricity dominates nonpetroleum energy production and its
emissions can be attenuated only by a combination of:

l Reduced usage
l Shifting to low carbon sources

These two topics are further explored below.

4. REDUCED ENERGY USAGE

4.1. Overview

Lower levels of energy usage, if this could be accompanied by high living
standards would bring about the reduced emissions that most governments say

Energy to GDP (MTOE) 1971-2005
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FIGURE 5 Source: OECD Factbook 2007: Economic, Environmental and Social Statistics -

ISBN 92-64-02946-X.

7. America’s Energy Future, summary edition, National Academy of Sciences, 2009.
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they are seeking. Heinberg8 is one writer who concludes that the exotic (largely
CO2-free) renewables are never likely to replace current sources of energy. He
argues that lower energy use is compatible with high living standards and points
to the U.S. versus European usage rates, saying:

Since Europeans already live quite well using only half as much energy as Americans, it

is evident that a U.S. standard of living is an unnecessarily high goal for the world as

a whole. Suppose we aim for a global per-capita consumption rate 70 percent lower than

that in the United States

Achieving this standard, again assuming a population of 9 billion, would require total

energy production of 1800 quads per year, still over three times today’s level. Cheap

solar panels to provide this much energy would cost $150 trillion, a number over double

the current world annual GDP. This scenario is conceivable, but still highly unlikely.

His conclusion that reduced energy usage is the only path to a low carbon
economy is based on understandable doubts about the prospects for radical
development in technological developments for new energy sources of carbon
capture and storage. It is also profoundly and less justifiably pessimistic about
prospects for fast breeder nuclear power. Heinberg’s view is essentially that
resources will set limits to growth and amounts to requiring a return to pastoral
societies. These, as he envisages them, involve far less trade activity together
with some form of nationalization of energy.

Clearly such solutions would be unattractive outside of a romanticized
version of the pre-modern world. Nor is it possible to characterize the European
standard as a low energy goal that is widely achievabledSouth Africa with
a standard of living much less than half of Europe’s has a comparable level of
emissions. Emissions depend very much on the structure of an economy and
particularly its industrial profileda consideration that accounts for China
having four times the emission levels of India though the two nations have
similar average per capita income levels. China’s development is more heavily
focused than India’s on energy-intensive manufacturing industry; hence China
could not adopt India’s energy profile without severely damaging its living
standards and its government’s recognition of this led it to play the leading role
in the world’s leaders’ failure to agree to hard emission reduction standards at
Copenhagen in December 2009.

The McKinsey consultancy estimates that there are considerable savings
potential from applications of known technologies to promote lower emis-
sions. Based on “market failure” the consultants see a great deal of low
hanging fruit ready for plucking if only people are appropriately guided.
Figure 6 illustrates the detailed estimates of savings theoretically possible
with best practice usage.

8. Richard Heinberg, Searching for a Miracle, www.postcarbon.org/new-site-files/Reports/

Searching_for_a_Miracle_web10nov09.pdf.
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Government measures to force consumers to accept these gains amount to
a belief that they will not be made simply by relying on consumers’ wishes
leading to a supply structure that results in optimal value. Especially with
regard to the costless measures, regulatory forcing assumes that people could
make far better decisions if we were properly informed and, perhaps, if they
were more rational. This book’s Chapter 8 by Long et al. and Chapter 17 by
Rajkovich et al. discuss some of these issues.

Some pitfalls of uncritically accepting these theoretical savings are illus-
trated by the Australian experience with a subsidized retrofit of ceiling insu-
lation (estimated by McKinsey in Figure 6 to provide a saving ofV30 per tonne
of CO2). The Australian scheme was originally estimated to make savings of 50
million tonnes of CO2 at a total cost of $A2.5 billion. In fact, the over-hasty,
now discontinued, roll-out has led to four deaths of contractors and over 100
house fires. And the estimated 50 million tonnes of saving is now considered to
be more like 20 million tonnes.9 This increases the estimated cost of the savings
to some $200 per tonne of CO2.

Under scrutiny, many claims that expert guidance improves individuals’
decision-making are found to have little merit. Some acknowledgment of this
by governments is seen in them largely opting for a market-based solution to
bring about lower emissions. Governments have generally recognised that the
most efficient means of emission abatement make use of “economic instru-
ments.” These come in two forms.

One sets a ceiling on emissions and allows trading to take place and a price
to emerge. This chokes off the uses that less urgently require the inputs from
which emissions are a by-product. At the same time it stimulates the search for
low-emission alternatives and brings about substitutes within aggregate
demand from high-emission uses to those which entail lower emissions.

The alternative “economic instrument” is a carbon tax set at a level the
government expects will be optimal in bringing about the required level of
abatement for the cost involved. A tax has the same effect as a tradable right
system. It also attaches a price to GHG emissions and therefore to energy,
energy savings substitutes within energy sources, and products incorporating
energy in different concentrations. That price allows the market to bring about
the least cost abatement outcomes.

Emission trading schemes are in place or under development in the EU,
U.S., Canada, New Zealand, Australia, and South Korea. Only Switzerland has
adopted a CO2 tax and that is an interim measure pending the country’s
alignment with the EU scheme.

Of course, many countries have taxes on oil-based fuels which have
morphed into a highly specific form of carbon tax. In this and other respects,
governments are in fact seldom consistent in opting for economic instruments

9. www.theaustralian.com.au/news/features/woolly-claims-on-insulation/story-e6frg6z6-12258345

22839
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and in practice involve themselves actively in selective winner-picking policies.
These include expensive R&D and demonstration projects, subsidies for certain
uses, and have given special support to renewable energy. Such interventions
amount to a vote of low confidence in the market mechanisms forcibly advo-
cated in some agendas.

As previously mentioned, many governments justify such intervention on
the basis of a deficit of information on the part of consumers. Improving access
to information is a central feature of the “new paternalism” literature. New
paternalists argue that individuals need to be guideddnot ordereddto combat
their biases in favor of such things as the status quo, optimism, and lack of
willpower or self-control. Rizzo and Whitman10 describe this as, “claims that
careful policy interventions can help people make better decisions in terms of
their own welfare, with only mild or nonexistent infringement of personal
autonomy and choice.”

Among the savings that are said to be available from measures that people
would readily accept if well-informed and not prejudiced against by market
failure include:

l Smaller more fuel efficient cars
l Greater use of public transport
l Reduced urban sprawl
l Better designed buildings

Let us examine these in order.

4.2. Efficiency of Cars

Vehicle fuel economy is a prominent area where governments are confident that
they are better equipped to understand consumers’ true needs than those
revealed by the purchasing decisions of consumers themselves.

Fuel economy trends in vehicles have mirrored relative price changes for
gasoline. From 1935 U.S. fuel efficiency at 14 mpg (5.95 km/l) fell gradually to
11.9 mpg (5.08 km/l) in 1973. Following oil price in that and subsequent years,
the efficiency of the total fleet has risen by 42% on 1973 levels to 16.9 mpg
(7.18 km/l).11

Building on this, many countries have requirements similar to the U.S.
Corporate Average Fuel Economy (CAFE) standards, which mandate an
average increase in fuel efficiency of cars and trucks by over 40% between
2004 and 2016. This over-riding of consumer choice means the government is
mandating a tradeoff between different features of the product. The mandatory

10. Mario J. Rizzo and Douglas Glen Whitman. (2009). Little brother is watching you: New

paternalism on the slippery slopes, Arizona Law Review, 51, p. 685.

11. Michael Sivak and Omer Tsimhoni. (2009). Fuel efficiency of vehicles on US roads:

1923e2006.
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nature of the tradeoff means some consumers would not prefer it. The increased
priority to fuel economy may come at the expense of initial price, performance,
aesthetic features, or even vehicle safety.

It may be that the government is better informed than the manufacturers of
the true preferences of consumers, though in competitive markets like auto-
mobiles this is unlikely. It is equally unlikely that the government understands
the costs and tradeoffs involved. Governments may, however, be basing their
regulatory requirements on the notion that without them consumers’ divergent
preferences will deny the economies of scale necessary to create the priority to
fuel savings that consumers at large would prefer. This is a strong call and one
likely to shift us along the regulatory path that Rizzo and Whitman (footnote
10), among others, warn against.

Whatever the merits of government regulations on fuel economy, there is
considerable evidence that gains beyond those already realized are possible.
Thus cars are showing increased economy, as illustrated by Table 6.

The Toyota Prius uses only 64% of the fuel of a Volkswagen Golf die-
sel and only 40% of the fuel of a standard mid-range petrol vehicle. Its GHG
saving properties doubtless are responsible for the vehicle achieving a high
market share among the “environmentally aware” who see its ownership as
a means of demonstrating their credentials. This is assisted by claims that
the fuel savings pay for the additional costs of the car within 3e5 years.
Other vehicles like the GM Volt are likely to join the Prius as a low-emitting
vehicle and the technology itself appears set to further improve on fuel
economy.

TABLE 6 Fuel Efficiency Examples of Selected Models

Vehicle Details Fuel Type

Fuel Consumption L/100km
CO2g/
kmCombComb Urban Extra

Toyota Prius 1.8L 4cyl,
CVT 1 speed Hatch,
5 seats, 2WD

Elec/Petrol
95RON

3.9 3.9 3.7 89

Volkswagen Golf 103TDI
Comfortline 2.0L 4cyl (T),
Man 6 speed Hatch,
5 seats, 2WD

Diesel 5.3 6.8 4.4 139

Ford MB Mondeo LX2.3L
4cyl, Auto 6 speed
Wagon, 5 seats, 2WD

Petrol
91RON

9.5 14.1 6.8 227

Source: Manufacturers’ specifications, 2009.
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The IPCC saw considerable scope for further fuel economies with cars by
the use of lightweight materials, hybrids, and better aerodynamics.12

Based on known technologies, it would be relatively simple to move,
though at some price premium, to cars like the Prius that are twice as fuel (and
CO2-e) efficient as the average current stockdand indeed more efficient per
passenger mile than most forms of public transport. Doubtless further econo-
mies will be made in fuel usage and vehicle design.

4.3. Public Transport

The IPCC placed considerable emphasis on changed energy, urban density, and
spatial layouts. Working Group 3 (2007, Table SPM 3) said:

Modal shifts from road to rail and to inland and coastal shipping and from low-

occupancy to high-occupancy passenger transportation, as well as land-use, urban

planning, and non-motorized transport offer opportunities for GHG mitigation,

depending on local conditions and policies.13

Many foresee a strong potential for emission reductions if people were to
move away from personal car use toward public transport. However, as Table
7 illustrates, the emission reduction potential is not as great as some claim it
to be. Highly fuel efficient cars like the Prius are already comparable in
emissions per passenger mile with several forms of public transport, though

TABLE 7 US Average CO2 Equivalent Emissions by Transport Mode/Vehicle

Mode Passenger Miles

CO2 Equivalent

Grams

Grams per

Passenger Mile

Automated Guideway 11,647,000 7,892,000,000 678

Commuter Rail 9,470,134,000 1,827,018,000,000 193

Light Rail & Streetcar 1,650,204,000 282,883,000,000 171

Motorbus 19,323,463,000 6,696,660,000,000 347

Metro 14,407,097,000 1,676,605,000,000 116

Trolley Bus 172,982,000 21,480,000,000 124

Average 2006 model car 307

Average light truck 374

2007 Hybrid: Toyota Prius 147

Source: Demographia.

12. www.ipcc.ch/publications_and_data/ar4/wg3/en/ch5s5-3-1-2.html.

13. www.ipcc.ch/publications_and_data/ar4/wg3/en/spmsspm-c.html.
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there is also doubtless scope for further gains in fuel efficiency for some types
of public transport.

In addition to these matters, with respect to public transport, there is no easy
solution in terms of forcing a modal switch. The U.S. pattern, which is being
progressively seen throughout the world, is for a transit market share of only
5% of the average U.S. journey-to-work share (the only segment where it is
feasible for transit to serve with any efficiency), and pays for only a quarter of
its costs (one half in Europe).14

Increasing the share of public transport is likely to bring a more than
proportional increase in costs. Population density and concentrated work
destinations are crucial to allowing transit to work with any degree of effi-
ciency, and for the most part developed world cities’ concentration levels at
2000e4000 people per square kilometer are inadequate to support this. With
such concentration levels, the cost, frequency, and origin/destination practi-
calities give an overwhelming advantage to the flexibility offered by car travel.
City authorities may choose to override people’s preferences for flexibility by
banning cars or heavily taxing their use but this is likely to bring a deterioration
of the city’s efficiency and attractiveness and may lead to its decline.

The only affluent cities in which public transport retains a financial viability
and a high trip share is where population concentrations are high like Hong
Kong (25,000 people per square kilometer, and a 90% public transport share)
and Singapore (8000 people per square kilometer, with a 63% public transport
share).15 While many commentators applaud these as models for future city
developments, people’s preferences appear to be for greater personal space
including outdoor space and therefore for cities of lower density levels.

Moreover, the nature of production has meant smaller factories and other
commercial facilities that are not concentrated in a central business district
(CBD) readily served by radial public transport links. No longer do CBDs provide
the bulk of urban employment that can be readily served by radial train or bus lines.

Hence, even though telecommunications advances have meant many people
need not travel daily to work, the nature of modern cities and workplaces makes
the car indispensable. Diverse origin and destination locations mean that cars
are the only practical means of serving societies that are affluent enough to be
able to afford larger houses on their own land. It is difficult to see preferences
for this style of living changing. The corollary is a continuation of centuries-
long trends to lower urban densities, epitomized by the first million plus city,
ancient Rome, having a density of 57,000 people per square kilometer,
compared with 3000 in modern Rome.

The extraordinary difficulty transit systems have in securing high shares of
the total transport modal split within modern economies is illustrated by the
map of Melbourne (Figure 7). This shows the magnitudes of the task for public

14. www.ipcc.ch/publications_and_data/ar4/wg3/en/ch5s5-5-3.html.

15. ibid.
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transport as a result of consumer preferences for more spacious accommodation
and the changed concentrations of work locations. Typically the jobs accessible
with a 40-minute trip by public transport are concentrated in CBDs, which
comprise a relatively small share (usually around 12%) of total employment.
Aside from these areas, access to jobs in acceptable travel times is only possible
by using cars.

4.4. Urban Design

Long-standing opposition to “urban sprawl” has recruited the support of GHG
concerns. The claim is that if urban areas are more concentrated, we will use
less energy for heating and such things as well as needing less energy for
transport.

The IPCC argued that:

The potential exists to greatly reduce transport energy use and GHG emissions by shaping

the design of cities, restraining motorization, and altering the attributes of vehicles and

fuels. Indeed, slowing the growth in vehicle use through land-use planning and through

policies that restrain increases in vehicle use would be an important accomplishment.

Planning and policy to restrainvehicles and densify land use not only lead to reducedGHG

emissions, but also reduced pollution, traffic congestion, oil use, and infrastructure

expenditures and are generally consistent with social equity goals as well.16

Plausible though this may be, empirically it appears to be false. Careful
assessments of GHG emissions per capita have shown that households in the
less concentrated outer areas of cities emit less than those in the inner cities.

Thus, the Australian Conservation Foundation has documented emissions by
suburb.17 Typical findings are those for Sydney. Inner Sydney showed 37 tonnes
per capita, Burwood in the inner west showed 22 tonnes, and Parramatta in the
outer west showed 20 tonnes. Similarly in Melbourne, centrally located Port
Phillip had 27 tonnes per capita, inner Darebin had 23 tonnes, and outer Melton
had 18 tonnes. The reasons behind such differences are partly due to the inner
suburbs having higher income levels but also due to the increased energy spent
on clothes drying and heating, elevators, and lighting in apartment blocks.

4.5. Buildings

Buildings are a further area of energy savings identified in reports by McKinsey
and others, including Chapter 9 by Gray and Zarnikau and Chapter 17 by
Rajkovich et al. in this volume. They account for some 10% of emissions (or
perhaps 40% if the use of energy within the buildings is included). The IPCC
argued that “By 2030, about 30% of the projected GHG emissions in the
building sector can be avoided with net economic benefit.”

16. www.ipcc.ch/publications_and_data/ar4/wg3/en/ch5s5-5-1.html.

17. www.acfonline.org.au/consumptionatlas/.
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Vattenfall has estimated potential savings from greater efficiency, savings
that average 30%e40%18 as shown in Table 8.

The consultancy firm CIE, in work undertaken for the Australian Sustain-
able Built Environment Council, estimated the costs of complying with emis-
sion reductions with and without measures that regulate buildings to ensure the
use of the “state of the art” energy saving measures.19 Measured in terms of the
tax effect necessary to force the necessary reductions in emissions, it estimated
considerable savings would be available. It concluded, “By 2050, the price of
GHG emissions is just under $160 per tonne or 14 percent lower when the
building sector contributes through energy efficiency.”

Doubtless major savings of energy are possible with designs that place
a greater priority on this attribute. However many consumersdespecially the
more affluentdseek out features that make considerable use of energy in
requiring areas be permanently heated/air-conditioned and lighted and have
panoramic views that militate against energy saving (Figure 8).

Of course, should energy costs show relative increases, in addition to
technological improvements that make for cheaper energy services, consumers
are likely to demand more substantial savings in selecting building designs.

Central to claims that buildings poorly cater for consumer needs is an
assertion that many consumers do not have full access to information and their
decisions are taken for them, for example by landlords. As the latter do not pay
the energy bills, they are said to be indifferent to this aspect of aggregate costs.

Such claims of principaleagent problems are often the basis for paeans in
favor of regulation but are no more plausible in this than in other areas. Thus

TABLE 8 Estimated Scope for Abatement

Category of energy end use

Potential abatement

(% of BAU energy consumption)

Air conditioning 37

Appliances 38

Heating and ventilation 59

Lighting 12

Water heating 28

18. Vattenfall AB. (2007). Global mapping of greenhouse gas abatement opportunities up to 2030.

Buildings sector deep-dive.

19. CIE. (2007). Capitalising on the building sector’s potential to lessen the costs of a broad based

GHG emissions cut. Canberra.
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people could maintain that “market failure” would frustrate the best value
being offered in cars, TV sets, computers, even furniture because the
multiplicity of components make decisions too difficult for a consumer to
estimate good value for money in terms of fuel economy. Nobody has ever
claimed perfect outcomes from markets but their “workable efficiency”
seems preferable than outcomes that are imposed even by the most talented
regulatory authorities. In addition to competition between suppliers, a wide
range of independent expertise is available to assist consumers in making
informed choices.

Moreover, notwithstanding the frequent assertion that the derived demand
for buildings means that consumers place inadequate priority on the energy
costs involved in their use,20 there is remarkably little evidence to support this.
Some surveys have indicated the contrary. Thus according to work conducted
by the American Council for an Energy-Efficient Economy and prepared by
Arthur D. Little:21

Most rental housing incorporates residential grade windows. From strictly an energy-

efficiency perspective, landlords have little incentive to invest in upgrading windows in

their rental units, since typically the tenant pays the utility bills. However, landlords are

motivated by maintaining their properties as modern and aesthetically pleasing, so as to

maintain high occupancy rates. They know that windows are one of the most noticeable

features in a rental unit. Updated, easy-to-operate windows are a very positive feature,

whereas outdated, stuck, or non-functional windows can affect occupancy. In

FIGURE 8 Tax effect necessary for designated emission reductions.

20. See for example, Carl Blumstein, Betsy Krieg, and Lee Schipper. (1980). Overcoming social

and institutional barriers to energy conservation. Energy, 5, pp. 355e371; Kenneth Gillingham,

Richard Newell, and Karen Palmer. (2009). Energy efficiency economics and policy. Annual

Review of Resource Economics, 1, pp. 597e619

21. Philip E. Mihlmester, Michael Gibbs, William F. Grimm, and James Stimmel. Millwork 101:

Transforming the market for energy-efficient windows. Proceedings of the American Council for

an Energy-Efficient Economy, Washington 2000, “http://www.aceee.org/”
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weatherization programs in New York City, with its very high concentration of multi-

family housing, window upgrades are always the single most sought after item by

landlords (though they cannot be cost justified on a strictly energy savings basis).

In fact homes built for rent may incorporate more energy-saving features
than those built for owner-occupiers. This is because the latter see the home as
an investment and are commonly cash-constrained and inclined to see energy-
saving features as being expenditure that can be deferred.

One study that has rigorously researched the data on renting and energy use
is by Davis,22 who used the Department of Energy’s Residential Energy
Consumption Survey to establish different usages of energy-efficient lighting
and appliances. Adjusting for income and other factors, Davies finds evidence
of a small but significant reduced usage of these products by renters compared
to owners.

While this is indicative of an agenteprincipal problem, as Davis points out,
the difference might be because of other factors. Renters for example may be
less “green” than homeowners. In addition, the less energy efficient products
may be more durable and cheaper, offering lower maintenance costs, which is
an important consideration in view of the harsher treatment they are likely to
receive from renters.

These caveats aside, the actual savings estimated by the study is that if
renters behaved like homeowners for the products analyzed they would
consume 0.5% less energy and if the same results applied to total household
energy consumption, renters would save a still modest 2% of their energy costs.

Important also in the assessment of the role that buildings can play in
bringing lower emissions is their life. Typically only 2%e3% of the building
and housing stock is replaced each year.

5. SHIFTING TO LOWER CARBON EMITTING SOURCES

Aside from higher energy efficiency, carbon emission reductions are possible
through changing the nature of energy supply to lower carbon emitting sources
or collecting and storing carbon emissions.

In the energy share of noncarboniferous fuels, Sweden, Switzerland, and
France with nuclear and hydro are at over 40% and most other countries are
10%e20%. This has contributed to the countries where nuclear/hydro is
prominent having lower CO2 emissions per capitada little over 6 tonnes for
France, Switzerland, and Swedendthan others like the U.S. (19 tonnes) and
Australia (21 tonnes). Only about 5% of Australian energy is derived from
other than fossil fuels. Figure 9 illustrates the nonfossil fuel share of selected
economies’ energy supply.

22. Lucas W. Davis. (2010). Evaluating the slow adoption of energy efficient investments: Are

renters less likely to have energy efficient appliances?” http://ei.haas.berkeley.edu/pdf/working_

papers/WP205.pdf
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Among supply side measures that can bring lower emissions are shifts
to nuclear power and for coal, the dominant source of electricity, and
development of carbon capture and storage (CCS). CCS is attracting consid-
erable funding but has yet to demonstrate an ability to operate at acceptable
cost.

Vattenfall opened its 30 MW coal plant in 2008, which, with EU support, it
hopes to move to commercialization by 2020.23 Many other projects have also
attracted support from the EU and U.S. in particular. (See Sioshansi, 2010.)

There are multitudes of views about the prospects for renewables and other
kinds of energy, including this book’s Chapter 13 by Arent et al. Although
some analysts, including Bjorn Lomborg,24 maintain that renewables will
become competitive, at present they clearly are not. Moreover, Lomborg’s
own analysis is derived from a simple extrapolation of relative costs and
efficiencies of wind power during its infancies at a time when easy gains were
readily available.

Many reports by governments and others foresee breakthroughs in low cost,
low carbon-emitting energy sources as being imminent, and couch their
forecasts accordingly. However, there can be no confidence that novel low-cost
dramatic innovations will emerge.
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reports_and_publications/statistical_energy_review_2008/STAGING/local_assets/2009_downloads/

statistical_review_of_world_energy_full_report_2009.xls#’Primary Energy - Consumption’!A1.

23. Sioshansi F.P. (2010). Generating Electricity in a Carbon Constrained World, Elsevier. www.

vattenfall.com/en/ccs/technology.htm.

24. Bjørn Lomborg. (2001). The skeptical environmentalist: Measuring the real state of the world.

Cambridge University Press.
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Even so, heroic assumptions about the rate of technological discovery
and adoption are often the basis of government energy composition forecasts.
As Figure 10 indicates, the Australian Treasury (which was politically con-
strained from incorporating a nuclear option) sees renewablesdcurrently
dominated by hydrodrising from under 10% to over 50%, almost all of which
would be wind. It also sees the unproven technology of carbon capture and
storage comprising over 30% of supply. Such projections are, therefore, little
more than fantasies, which is not to say that we will not see technologies
materialize that at present seem unlikely to be viable or are even currently
unknown.

The OECD climate change projections forecast only a miniscule role for
renewable energy and are enhanced by envisaging a sizeable increase in
nuclear. But the OECD too has CCS playing a major role at some 30%, as
shown in Figure 11.

Though the economic modeling driving these numbers is based on
empirical observation, uncertainties of their projections going decades into
the future are seldom raised. The effects of this deficiency are compounded
by government reports greatly inflating the costs of any increase in
temperatures while downplaying the economic costs of carbon constraining
measures.
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6. IS IT WORTH THE PRICE?

Tol25 points out that for the effects of two and a half degrees warming, ten peer
reviewed studies have been published and these have estimated the impacts on
global income levels ranging from a positive 1% to�2.5%. But the Stern report
(which, as Tol noted, was not peer reviewed) came up with 12.5% loss with this
continuing to grow.

Similarly, policy studies by government bodies have tended to understate
the effects of the forced change on economies. The Australian Treasury, for
example, estimates the net cost to GDP if Australia reduces its emissions by
80%, in line with the goals set out under Waxman-Markey as 8% of GDP per
capita by 2050 (see26). In the context of a half century of economic activity this
is not great since if no mitigation measures were to be taken, per capita GDP
would be 66% higher than present; with emissions reduced by 80%, the GDP
increase is brought back to 58%.

Present-day energy consumption is extremely reliant on carboniferous
fuels. Energy itself is, second to food, the basic building block of all human
activities. We have only the flimsiest of experience on which to model the
effects of a carbon tax. Unlike the case with oil, which experienced a form of
new tax in the OPEC supply restraint in the 1970s, substitutes for the totality
of carboniferous fuels do not exist, except for nuclear, and to enable that as
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25. Richard S. J. Tol. (2009). An analysis of mitigation as a response to climate change.

Copenhagen Consensus Centre.

26. Australia’s low pollution future, Commonwealth of Australia, 2008.
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a replacement requires great ingenuitydespecially in finding ways to replace
oil for motor vehicles, ships, and aircraft.

In addition to such considerations, the modeling assumes a steady state
movement from one pattern of the economy to anotherdit assumes that we
simply move from coal to gas to some as-yet-undiscovered renewable, carbon
capture, or nuclear. Such a movement is unlikely to occur without, at the very
least, considerable transitory turmoil.

In this sort of long-term economic modeling new technologies are
assumed to develop in the absence of persuasive evidence that this is possible.
Without such new technologies the costs of forcing emission reductions would
be driven to unacceptably high levels, resulting in rapid reductions in living
standards.

The Australian Treasury’s relatively modest 8% estimate of the net cost of
the cap-and-trade tax measures to GDP is based on assumptions that include:

l A very rapid technological development of carbon capture and storage (the
feasibility about which is questioned by many, including Al Gore)

l Nonhydro renewables comprising half of national supply by 2050, up from
less than 1% currently; to achieve this means not only massive subsidized
investment but resolving the many issues associated with the intermittent
nature of wind and other solar-based power

l A rapid replacement of energy-based businesses with others of similar
productivity and an inertia that prevents a rapid relocation of current facil-
ities to lower energy cost locations

l A continued expansion of coal and other energy exports in spite of carbon
restraining measures overseas (without which the whole policy is pointless)

It might be argued that energy cannot be that important since it is only 5%
of GDP and rather less than this if its distribution costs are excluded. But much
the same can be said of food, which in rich countries comprises only some 12%
of GDP and most of this is accounted for by distribution and value-added
features.

The danger of serious adverse economic outcomes from actions that try to
force major structural change suggests a gradual and progressive response to
the threat unless such a strategy carries risks of irretrievable damage. The case
for a gradual response is reinforced by some of the estimates of alternative
policy responses. For Australia, the Treasury’s modeling estimates the effects
of Australia taking no mitigatory action until 2020 then catching up in the years
to 2050 if the need is confirmed and should the necessary huge preponderance
of countries also agree to take comparable actions. The net cost to GDP of such
a strategy is 0.3%. By 2020 the need for emission reduction policies will be
clearer and we will, presumably, have access to all the technological advances
that the Treasury claim will be forthcoming.

It is often said that we should “give the planet the benefit of the doubt”
by acting to radically reduce GHG emissions, even if the necessity is unclear.
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Such a risk-averse approach is often associated with the “precautionary
principle.”

However, risk has symmetrical features. Focusing only on the possible
damage to the environment fails to consider the risks that peopledespecially in
the Third Worlddwill, as a result of forcing lower emissions, fall short of the
living standards they seek and which would otherwise seem to be available. We
can never be certain about the future and its possibilities, and, if feasible, we
should avoid foreclosing opportunities for higher living standards that people
appear to want.
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1. INTRODUCTION

Rapid uptake of energy efficiency is the single largest and most cost effective
means of meeting rising global demand for energy services while reducing
greenhouse gas (GHG) emissions. For example, a recent McKinsey report
estimates that investments in efficiency could realistically cut U.S. energy
consumption 23% by 2020, saving consumers $700 billion and creating over
600,000 jobs.1 Over the longer term, even conservative estimates show
immense savings opportunities from efficiencydin the range of 30% over
30 years, which could save Americans $7.5 trillion.2 Policies that realign
market incentives and remove barriers to promote innovation and reward
successful technologies and practices will reduce energy use while meeting
energy service demands. Efficiency is possible in every industry in a variety of

1. McKinsey & Company. (July 2009). Unlocking energy efficiency in the U.S. economy. www.

mckinsey.com/clientservice/electricpowernaturalgas/US_energy_efficiency/; see also McKinsey &

Company. (2009). Pathways to a low carbon economy: Version two of the global greenhouse gas

abatement cost curve, pp. 38e42

2. David Goldstein. (2010). Invisible Energy: Strategies Rescue the Economy and Save the Planet

(pp. 32e35). Point Richmond: Bay Tree Publishing. Goldstein discusses more aggressive

scenarios with higher rates of technological change under which 70e80% savings would be

possible (see pp. 38e43).

Energy, Sustainability and the Environment.

Copyright � 2011 Elsevier Inc. All rights reserved. 195



forms: improved efficiency of computer servers, industrial process, commercial
heating and cooling, video games, televisions and our homes, even location
efficiency in land-use planning that can vastly reduce the number of miles
traveled by commuters.

Huge progress has already been made in increasing energy efficiency in
a number of products and jurisdictions. Some new desk lamps, for example, can
now operate with only 10% of the power a common desk lamp would have
useddand too many still usedonly a few years ago. And in perhaps the most
famous example of effective energy efficiency improvement, California
efficiency standards spurred innovation that led to vastly more efficient, inex-
pensive, and feature-laden refrigerators, which displaced massive expansion of
fossil and nuclear generation. Whereas entropy and natural resource degrada-
tion frame the limits and economic tradeoffs for fossil, nuclear, and even
renewable energy generation, efficiency exploration and discovery proves
continually dynamic and unbounded: today’s efficiency gains serve as guiding
pathways toward greater innovation and adoption of new practices with ever
deeper energy savings as the result.

The promise of energy efficiency to bring about sustainable economic
growth is not a reason for “technological optimism.” Technological innovation
alone will not solve the climate crisis or lead to a “sustainable” economy.3

Instead, the focus must shift to the social-institutional arena, framed by the
dynamic of government regulation and industry players who ultimately direct
the capital that designs, produces, and delivers the goods and services that is
valued in our economy. Indeed, the experience of energy efficiency is that well-
designed government regulation is key to transforming markets and the
behavior of market actors. Well-designed government regulation does not mean
more regulation; in many cases, it means reduction in regulation and greater
dependence on market forces.4 Rather, well-designed regulations shift the
motivations of market actors through changes in incentives and mandates to
pursue energy efficiency intensely, without undermining the performance or
quality of the product or service provideddmore often improving the quality of
the products or energy services provided.5

While energy efficiency alone will not bring about a sustainable economy,
rapid uptake of existing efficiency technologies will facilitate development of
further energy saving technologies, which will be key to improving living

3. On the impacts of behavior modification and improved building energy efficiency, see this

book’s Chapter 11 by William Prindle.

4. The best example of less regulation being better may be in increasing location efficiency, where

local zoning often forbids mixed uses. In this chapter, much of the regulation discussed is of

electric and gas utilities, which are already heavily regulated. This chapter encourages different,

not more, regulation of utilities to bring about energy efficiency.

5. Energy efficiency is a prime example of what leading business and media strategist Umair

Haque calls “thick value” creation. Umair Haque. (2009). The value every business needs to create

now. http://blogs.hbr.org/haque/2009/07/the_value_every_business_needs.html
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standards and environmental sustainability. Buildings use approximately 40%6

of the energy consumed in the Unites States and account for 30%7 of GHG
emissions. Appliances make up a large and growing percentage of the energy
consumed in buildings, over 40% overall.8 Meanwhile, electric and gas utilities
supply the vast majority of nontransit energy consumed in homes, businesses,
and by industry. Utilities have a range of supply options to meet energy
demand, most of which have multiple adverse environmental impacts, inc-
luding contributing to climate change. Efficiency is the least costly, but often
least considered, source of “new” energy supply.

This chapter examines the three essential policy components to unlock
efficiency in the marketplace, namely,

l Establishing and periodically updating minimum energy performance
standards

l Removing market barriers to greater use of efficiency
l Incentivizing high efficiency performance

1.1. Minimum Energy Performance Standards

The far left end of the spectrum in Figure 1 presents the segment of the market
that resists progress on efficiency, who we term the “laggards.” In the private
sector, laggards include noncompliant products and equipment where
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FIGURE 1 A Transformative Market Design for Efficiency Source: NRDC (2010)

6. U.S. Department of Energy. (2007). Annual energy review 2006.

7. U.S. Department of Energy. (2008). Building technologies program: Planned program activities

for 2008e2012 (pp. 1e5). www.eere.energy.gov/buildings/publications/pdfs/corporate/myp08

complete.pdf

8. U.S. DOE. (2009). Energy information administration buildings databook. http://

buildingsdatabook.eren.doe.gov/TableView.aspx?table¼1.1.4
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minimum appliance energy efficiency standards apply, buildings that do not
meet minimum energy code requirements, and utilities that fail to utilize cost
effective efficiency as an alternative to generation. In the public sector, laggards
include regulatory bodies who fail to keep up with legislated schedules for
adopting minimum appliance standardsdregions without mandatory building
code requirements or local jurisdictions lacking appropriate resources to
enforce the code, and in the utility realm, the public regulatory authorities that
refuse to recognize the value that efficiency can bring to the entire utility
system. Well-designed and rigorously enforced minimum performance stan-
dards are the best tool for eliminating the private sector laggards in the market.
As markets transform, these minimum standards should ratchet upward to keep
pace with market-wide efficiency improvements. A suite of advocacy
approaches, including education, outreach, top-down political pressure, and
legal challenge is often required to motivate public sector laggards.

1.2. Removing Market Barriers to Greater Efficiency

Energy efficiency will only be pushed into the mainstream by removing some of
the key market barriers blocking its widespread uptake for the majority of market
participants (the middle segment in Figure 1). While efficient buildings and
appliances have lower lifetime costs, their upfront cost can be higher, and access to
capital to finance efficiency investments can often prove scarce. Similarly,
investing in energy efficiency is almost always cheaper and cleaner for utilities
than new generation resourcesdor even the fuel costs of existing generationdbut
such investments lead to reduced earnings potential under the traditional utility
business model. In both cases, appropriate policy intervention can reshape the
market to put efficiency on a level playing field. Utilities need regulatory incen-
tives to recover investments in fixed costs and efficiency if they are to use energy
efficiency to displace additional generation. For buildings and appliances, the
primary market barriers stem from lack of information and high upfront costs,
which often prevent consumers from choosing the most efficient product.

1.3. Incentives for Greater Efficiency

To move the market toward ever-higher efficiency performance (the far right of
the spectrum in Figure 1), policymakers should create incentives for the best
performers. Encouraging the highest levels of efficiency drives further inno-
vation, which leads to higher energy savings. If efficiency is to play a truly
meaningful role in preventing a climate disaster and increasing the benefits of
energy services in the long run, we must accelerate the widespread adoption of
today’s cutting-edge efficiency technologies and ideas. In practice, this means
revolutionizing utility compensation frameworks, directing upstream industry
capital flows to value efficiency in buildings and appliances, and continuing to
build consumer demand on energy performance.
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2. UTILITY REGULATION

Experience shows that while well-regulated utilities can substantially advance
the uptake of efficiency, poorly regulated utilities can impede progress on
energy efficiency by over-investing in costly supply side resources. Utility
regulation does not, by itself, improve the efficiency of any given product, but
transitioning utilities from sellers of energy to providers of energy services can
vastly reduce the societal cost of energy services, as well as provide an engine
for efficiency investment and innovation in energy end-use technologies.9

2.1. The Traditional Utility Business Model

Traditional utility regulation incentivizes utilities to build infrastructure and
maximize electricity and gas sales to their customers. While a discussion of the
merits of regulated monopolies is outside the scope of this chapter, utilities are
mostly large organizations owned either by governments, private investors, or
municipalities. For the investor-owned utilities (IOUs) that dominate many
markets, including the U.S., the basic bargain struck between regulators and
for-profit monopolistic utilities requires utilities to guarantee that they will
make adequate investments to keep the lights on for customers within their
service territories. In return, regulators allow utilities the opportunity to earn
a reasonable return on investments prudently made toward that purpose.
Traditional regulation assumed that the only way to “keep the lights on” was to
ensure that utilities could generate enough power and maintain enough trans-
mission and distribution infrastructure to serve a forever-growing demand for
energy.

Under traditional utility regulation, the cost per unit of energydthat is,
“rate”dis generally set at a level to allow utilities to pay back investments in
infrastructure and cover fuel costs, plus a “reasonable rate of return” on
invested capital.10 Utilities’ fixed costs are typically recovered in volumetric

9. The National Action plan for Energy Efficiency recently included the following recommen-

dation as key to pursuit of energy efficiency: “Modify policies to align utility incentives with the

delivery of cost-effective energy efficiency and modify ratemaking practices to promote energy

efficiency investments.” U.S. Department of Energy and U.S. Environmental Protection Agency.

(2006). National action plan for energy efficiency report. www.epa.gov/cleanenergy/documents/

napee/napee_report.pdf; Stow Walker. (2005). Will utility rate reforms open the door wider for

distributed generation and demand side management? CERA Decision Brief, April 2005. See also:

Ralph Cavanagh. (2009). Graphs, words and deeds: Reflections on commissioner Rosenfeld and

California’s energy efficiency leadership. MIT: Innovations, 4(4 November), 81e89.

10. The fair and reasonable rate depends on the risk and cost of capital; the rates selected vary

considerably across jurisdictions. The impact of the rate of return on utility incentives to grow is

beyond the scope of this paper. Suffice it to say that high rates of return are more likely to spur

investment, but investment itself is not the “problem,” since investment can be in clean or dirty

generation as well as in technologies that reduce emissions or improve operational or end-use

efficiency.
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rather than fixed charges. These costs include the capital costs of building new
generation, transmission, and distribution, but do not typically include invest-
ments in energy efficiency. Once a volumetric charge or rate is set, utilities have
a strong incentive to sell as much power as they candif they sell more than
regulators anticipated when they set the rate, each additional unit brings
a windfall by over-compensating the utility for nonfuel costs. If they sell less
than expected, each unsold unit represents costs eaten either by shareholders of
the company, in the case of IOUs, or taxpayers, in the case of publicly held
utilities.

The resulting desire to maximize sales is called the “throughput incentive,”
which results in utilities benefiting from selling more electricity than expected
and losing out by selling less electricity than expected.11 As a result, under
traditional utility regulation, the financial health of utilities is inextricably tied
to its volume of electric and gas sales.

This model encourages utilities to build infrastructure and sell electricity, it
discourages them from investing in or promoting the lowest-cost means of
providing energy services to their customers: energy efficiency.

Traditional utility regulation thus aligns utility incentives with increasing
sales, and utilities have responded accordingly, often encouraging energy
consumption at a rate that even outpaces population growth. Some economists
and casual observers believe that energy consumption either drives economic
growth or is caused by economic growth, but there is little evidence for either.
Energy consumption is expensive and has dire environmental consequences
that are often paid for in other sectors of the economy (with health care and
environmental degradation being the most obvious).12 High energy costs also
reduce consumer spending and business investment in cleaner and more
job-intensive sectors. In fact, California presents a striking example of the
opposite: effective efficiency policies have nearly halted energy consumption
growth per capita while economic productivity has continued to climb.13

Efficiency is often called an “invisible resource” and it is perhaps under-
standable that in the time when electricity grids were first built, the concept
of deploying efficiency as a resource to reduce consumption was not yet

11. See, e.g., Lisa Schwartz. (2009). The role of decoupling where energy efficiency is required by

law. Regulatory Assistance Project Issue Letter, September 2009; Joseph Eto, Steven Stoft, and

Timothy Belden. (1994). The theory and practice of decoupling. Energy Division, Lawrence

Berkeley Laboratory, University of California Berkeley; Chris Marnay and G. Alan Comnes.

(1990). Ratemaking for conservation: The California ERAM experience. Applied Sciences

Division, Lawrence Berkeley Laboratory.

12. National Research Council. (2009). Hidden costs of energy: Unpriced consequences of energy

production and use. National Academies Press.

13. Ralph Cavanagh. (2009). Graphs, words and deeds: Reflections on commissioner Rosenfeld

and California’s Energy Efficiency Leadership. MIT: Innovations, 4(4), 81e89; David Roland-

Holst. (2008). Energy efficiency, innovation and job creation in California. Center for Energy,

Resources, and Economic Sustainability (Ceres), University of California Berkeley.
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well-understood. But a century later, when the benefits of energy efficiency are
well-documented, utility regulatory structure remains woefully out of date in
most jurisdictions. In states where policy frameworks for efficiency are in
place, a utility can pay its customers to use more efficient technologies at much
lower cost than it can build new resources. Customers benefit in two ways from
these investments: first, they are often eligible for financial assistance from
utilities for efficiency upgrades, creating upfront benefits in the form of rebates
or lower-cost products and longer term energy bill savings; and second, those
customers that do not directly participate in the energy efficiency programs also
benefit because utilities need to make fewer supply-side investments as demand
levels off, lowering the total system costs for all customers.

Another way to think about the importance of energy efficiency is to
consider the magnitude of the investmentdbetween $1.5 and $2 trilliond
utilities will need to make over the next two decades to meet projected
customer demand.14 The U.S. utility electric bill was $364 billion in 2008
(Figure 2). To avoid that bill rising dramatically, it is imperative that utilities
direct that investment in clean, low-cost solutions. With the right policy
framework in place, it is almost always cheaper to invest in reducing demand
through energy efficiency than to increase the supply of energy. As a result,
utilities can provide increased energy services with less generation than usually
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projected, at lower societal and environmental cost. Customers and utilities will
be better off if these resources are leveraged to investment in cost-effective
demand side efficiency rather than ever-increasing generation but only with
proper regulations that still do not exist in most states.

In rapidly developing countries like India, China, Brazil, and Mexico,
where electricity consumption per capita is growing, the scale of required
investment to meet increasing demand is even larger. If that investment is
turned toward reducing demand through efficiency rather than increased
generation, the total energy bill, and total environmental impact of the energy
sector, will be reduced substantially.

2.2. Minimum Efficiency Performance Standards

Minimum efficiency performance standards ensure utilities invest appropriately
in energy efficiency. Various jurisdictions have attempted different versions of
minimum efficiency performance standards, using either investmentmetrics, for
example dollar amounts or percents of revenue, or savings metrics, kW, kWh,
and therms. This requirement is often enforced with per-unit penalties for under-
performance, providing an established enforcement mechanism and a clear,
though incomplete, incentive for utility compliance. Probably the best minimum
performance standard is a requirement that utilities acquire all cost-effective
energy efficiency before investing in supply-side generation, as is required in
Washington and California.15 This standard requires a transparent process for
determining the total efficiency savings potential.16 The ultimate size of the
efficiency resource will depend on key details in this calculation, including
which test for cost effectiveness is used: Are all customer and societal costs of
resource acquisition considered, or only utility costs? What discount rate is
selected? Which avoided costs are included in the calculationdare all envi-
ronmental costs included or just some pollutants? If the full costs of generation
are included, utilities will quickly discover that they need to make substantial
investments in efficiency to meet minimum performance standards.

However, simply requiring investment in energy efficiency does not go far
enough: if the regulatory environment encourages increased sales, a minimum
efficiency procurement requirement will, at best, mix utility incentives.
Regulators can do better, first by making utilities neutral to cost-effective
investment in energy efficiency, and then by providing incentives that
encourages maximizing efficiency savings.

15. Evaluation, measurement, and verification of efficiency savings is also relevant here.

Particularly where utilities stand to pay penalties, minimum performance standards should be

enforced with a transparent process for program evaluation and savings measurement with

a dispute resolution process.

16. Various states require a utility-run Integrated Resource Planning process, while others use

independent evaluation of efficiency potential.
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2.3. Breaking the Link between Sales and Financial Stability

Tomake utilities able to achieve energy efficiency requirements, regulators must
allow them to recover costs in energy efficiency investment. Whether admin-
istered by utilities or third parties, efficiency investments have to be paid for. In
the U.S., some jurisdictions allow these expenses to be “capitalized” and added
to the rate base, or even to earn a higher rate of return than alternative invest-
ments.17 This policy generally vastly over-compensates utilities for expenses,
without regard to the effectiveness of the investment. Other jurisdictions set
“system benefit charges” at a certain percent of revenue that must be spent on
efficiency and often renewable energy resources.18 Although this system can
guarantee efficiency spending, it does not guarantee that enough funds will be
available to pursue all cost-effective energy efficiency. The simplest regulatory
fix is to require utilities to achieve all cost-effective energy efficiency and allow
them to recover the costs of those investments in their volumetric rates.

In order for a utility to support efficiency without undermining its ability to
recover costs, regulators must eliminate the “throughput incentive” that
encourages utilities tomaximize sales between rate cases. This can be donemost
effectively through a concept called decoupling, which “trues up” expected sales
volumeswith actual sales volumes, so that utilities recover enough revenue from
customers to cover the allowed nonfuel costs but no more. Recent evidence
demonstrates that decoupling can be implemented with very modest impacts on
customer bills, with rate impacts in the þ/L 2% range.19 Figure 3 shows the
states where electric and gas decoupling is either in place or pending.

Decoupling is not the only mechanism, however, with which state utility
regulatory bodies have experimented to make utilities neutral to changes in
sales volumes. A variety of mechanisms have been used or discussed to
eliminate the incentive for utilities to maximize sales, but many of these
mechanisms either fail to solve the problem or create other difficulties. Table 1
outlines various mechanisms that are frequently put forward to make utilities
amenable to efficiency, with a brief discussion of the advantages and disad-
vantages of each.

By itself, decoupling will not create incentives for highly effective energy
efficiency programs: it will only make utilities neutral to increases or
decreases in sales between rate cases. It is an important first step toward
changing the business model of utilities, but only a first step. Turning utilities
into energy-service companies with incentives for achieving greater efficiency

17. This mechanism is mentioned in the Section 3 of this chapter as a mechanism for incentivizing

high levels of investment.

18. Twenty states and the District of the Columbia have some state or local system benefit charge

for energy efficiency or renewable energy. Refer to Database on state incentive for renewables and

efficiency; www.dsireusa.org/

19. Pamela Lesh. (2009). Rate impacts and key design elements of gas and electric utility

decoupling: A comprehensive review.
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in place of new energy generation should be the second step in the trans-
formation. Incentives for efficiency investments without decoupling can lead
to perverse impacts: for example, a utility might promote its own energy
efficiency programs, but oppose governmental investment in efficiency or
improved building codes and appliance standards that would reduce utility
sales and revenue.

2.4. Utility Efficiency Incentive Mechanisms

Even with decoupling, however, privately owned utilities have no opportunity
to earn a return on investments in efficiency, unlike investments in infrastruc-
ture, new power plants, or transmission and delivery networks that accompany
additional generation. Thus, even when a utility can recover costs of efficiency
investments, and is made neutral to sales impacts of efficiency programs,
a utility will likely choose supply side investment over energy efficiency
alternatives. This is true even though energy efficiency offers a far less
expensive means of ensuring adequate energy to meet customer demand.
Regulators should seek more than utility neutrality to efficiencydthey should
seek to align shareholder interests with customer interests in minimizing
system costs and environmental impacts.

Various mechanisms are in use around the country to promote utility
activity on energy efficiency and a number of these reform efforts have lead to

FIGURE 3 U.S. State Adoption of Electric and Gas Decoupling Source: NRDC (2010)

204 PART | I Challenge of Sustainability



TABLE 1 Mechanisms to make Utilities Neutral to Decreases in Sales Volume Between Rate-Cases1

Mechanism Description Discussion

Decoupling Regular adjustments in retail rates to allow
recovery of fixed (non-fuel) costs based on
actual rather than predicted sales.

If implemented properly, this mechanism
removes the “throughput incentive to
utilities. Utilities recover all allowed
investments and fuel, but no more or less.
Requires regular true ups, although
experience shows impact on customer
bills to be minor.

Lost Margin Recovery Assured recovery of the lost revenues net
of avoided variable costs due to energy
efficiency programs administered by the
utility.

Compensates utilities for lost sales from
energy efficiency programs, but does not
eliminate incentive to maximize sales to
over-recover fixed costs. Requires
adequate measurement to assure “lost
revenues” actually exist. Also, does not
include impacts efficiency actions taken
by others, including codes and standards

Straight Fixed-Variable Rate Design Rate design that recovers all costs that do
not vary with sales volume in a fixed
charge (volumetric pricing only for fuel/
power costs).

Reduces efficiency and conservation
incentives for customers as large and small
consumers pay equal fixed charges.

Frequent Rate Cases Rates are regularly adjusted to reflect
current or predicted sales.

Utility incentive to increase sales between
rate cases remains. In practice, utilities are
always between rate cases.
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TABLE 1 Mechanisms to make Utilities Neutral to Decreases in Sales Volume Between Rate-Cases1dcont’d

Mechanism Description Discussion

Future Test Period Set rates in a rate case based on “next year”
costs rather than on a historical test year
basis.

Utility incentive to increase sales between
rate cases remains.

Eliminate Purchased Gas Adjustments
and Power Cost Adjustments.

Eliminate adjustment of retail rates that
pass through changes in power supply or
gas supply costs.

If marginal power costs are higher than
retail rates, utility will have incentive to
reduce sales, but does not permanently
eliminate the incentive to increase sales.

Minimum Energy Efficiency Performance
Standard

Utilities required to achieve a defined
level of energy efficiency

If coupled with penalties for failure, can
create a meaningful incentive to promote
energy efficiency, up to the specified level.
Does not eliminate the throughput
incentive.

Reduce Return on Equity2 Reduce allowed return on equity to
minimize incentive to invest.

Reductions of allowed rates of return will
reduce the utilities incentive (or ability) to
invest, but does not affect the incentive to
maximize sales between rate cases.

1Much of the information in this table was influenced by a collaborative process on utility incentives in the Northwest Energy Coalition. The authors take full responsibility

for any errors and for the opinions expressed.
2Utility regulatory commissions set the allowed return on equity when determining rates for electricity and gas. This mechanism is favored by those who believe utilities

cannot be transformed into energy services companies. Whether they select the appropriate rate is always subject to debate (and the uncertainty is emphasized by the range

of rates selected by commissions). This mechanism has the negative result of reducing a utilities ability to invest in anything, including technologies favorable to envi-

ronmental performance and efficiency.
Source: NRDC (2010)
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significant efficiency achievements. Table 2 shows the incentive mechanisms in
operation in the Unites States.

Source: The Edison Foundation Institute for Electric Efficiency. (2009).
State energy efficiency regulatory frameworks.

Unfortunately, some mechanisms miss the mark by encouraging investment
rather than efficiency performance. Table 3 describes and briefly lists advan-
tages and disadvantages of various efficiency incentive mechanisms.

Given the potential cost to utility customers of providing an earnings
opportunity to utility shareholders for energy efficiency, preferred mechanisms
provide an earnings opportunity to utilities based on independently verified
customer savings from efficiency programs. Such an earnings opportunity can
also be reasonably linked with a risk of penalties for poor performance.

Performance assessment of utility energy efficiency acquisition will require
some level of evaluation, measurement, and verification (EM &V) of programs
and claimed savings. While a sizeable industry now exists for the purpose of
evaluating program administration and implementation and measuring savings
results in the United States, the very nature of the fieldddetermining what
would have happened if utilities had not interveneddimplies a certain level of
uncertainty. Jurisdictions vary widely on their protocols for measuring energy
savings: some efficiency savings programs are hardly measured at all, while
others are subject extensive review. Evaluation of energy programs is very
useful for program improvement, but can also lead to controversy when
performance evaluation is linked to utility earnings. Successful evaluation
programs include transparent and collaborative evaluation plans and mean-
ingful dispute resolution mechanisms to prevent regulatory paralysis.

California’s “shared savings” mechanism, approved in 2007, provides the
state’s IOUs an opportunity to profit from energy efficiency investments by
keeping a small percentage of the net benefits from efficiency programs
(Figure 4).20 California’s publicly owned utilities were only recently required to

TABLE 2 State adoption of utility efficiency incentive mechanisms

Incentive Mechanism State

Shared Savings Incentive AZ, CA, GA, OK, CO, CT, RI, KY, MA,
MI, MN, NH, RI, TX, VT

Rate of Return Incentive NV, WI

Power Plant Pricing for Energy Efficiency OH

20. CPUC, D. 07-09-043. (2007). Interim opinion on phase 1 issues: Shareholder risk/reward

incentive mechanism for energy efficiency programs.
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TABLE 3 Mechanisms to Encourage Utility Energy Efficiency Resource

Procurement3

Title of

Mechanism Description

Advantages/

Disadvantages

Rate of Return
Incentives

Utility receives a higher
return on equity for
investment in energy
efficiency

Incentivizes investment,
rather than actual
savings, can lead to very
high earnings on
efficiency investments

Shared Savings
Incentives

Utility receives a share of
the net benefits or
percentage of program
costs based on energy
efficiency achievement,
or achievement above
a certain threshold.

Can require
complicated and
contentious
measurement, but
generally aligns
shareholder and
customer interests for
efficiency

Power Plant Pricing
for Energy Efficiency

Utility receives a payment
for energy efficiency
investment that based on
the cost of power from
a new power plant.

Can lead to much higher
payments to utilities
than other mechanisms,
and ensures adversarial
discord over necessarily
imperfect measurement
of savings

Tax credits to the
Utility for Energy
Efficiency
Investment

Utility receives a reduction
in state taxes if it invests in
energy efficiency.

Requires state tax
subsidies for efficiency
spending, which could
be covered by utility
customers; incentivizes
investment not
performance

Penalties for Non-
achievement of
Energy Efficiency
Requirements

Utility pays penalty if it
falls short of the required
level of energy efficiency
savings achievement

Solely punitive
“incentives” promote
utility orientation
toward compliance
rather than
entrepreneurialism;
may work better if
combined with
a meaningful earnings
opportunity for high
performance

3Much of the information in this table was influenced by a collaborative process on utility incentives

in the Northwest Energy Coalition. The authors take full responsibility for any errors and for the

opinions expressed.
Source: NRDC (2010)
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set efficiency savings goals and report savings, but have nomechanisms currently
in place to eliminate the throughput incentive, nor is there any statewide policy
that requires a positive incentive for delivering effective programs.

In addition to California’s success in utility efficiency program adminis-
tration, the state has some of the most advanced building codes and appliance
standards in the United States. These regulatory programs have been advanced
and supported by utilities. Managers of California utility support energy saving
regulatory programs know that reduced energy sales will not undermine their
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FIGURE 4 Annual California Utilities’dInvestor-Owned (IOU) and Publicly-Owned (POU)d

Program Energy Savings in gigawatts-hours (GWh) from 1976 to 2008)

)1976-1997 data from the California Energy Commission, provided by Sylvia Bender; 1998-2003

data is from Investor-Owned Utilities’ (IOUs) Annual Earnings Assessment Proceeding (AEAP)

reports, including savings from the "Summer Initiatives" during California’s electricity crisis;

2004-08 IOU annual savings data are calculated by scaling program totals by utility-reported

annual savings. PUC, Energy Efficiency 2006-2008 Interim Verification Report, Resolution E-

4272, Table 8: 2004-2005 Cumulative Savings Estimates, Final VR Ex-Post Evaluation, p.37

(October 15, 2009) (2004-2005 savings). Available at: http://docs.cpuc.ca.gov/PUBLISHED/

FINAL_RESOLUTION/108628.htm. PG&E, Annual Earnings Assessment Proceeding, Application

No. 05-05-001 (May 2, 2005); SCE, Annual Earnings Assessment Proceeding, Application No. 05-

05-005 (May 2, 2005) ; SDG&E, Annual Earnings Assessment Proceeding, (May 2, 2005) ;

SoCalGas, Annual Earnings Assessment Proceeding, (May 2, 2005) (utility-reported program

savings used for scaling purposes only). PUC,Decision Regarding RRIM Claims for the 2006-2008

Program Cycle, D.09-12-045, R.09-01-019, Table ES2b: Impacts with Positive and Negative

Interactive Effects, 2nd Earnings Claim for PY 2006-2008, p.C3 (December 17, 2009) (2006-2008

program cycle total savings). PG&E, 2008 Annual Report, EEGA, Table 1 (May 1, 2009); SCE,

2008 Annual Report, EEGA, Table 1 (August 3, 2009); SDG&E, 2008 Annual Report, EEGA, Table

1 (August 12, 2009); SoCalGas, 2008 Annual Report, EEGA, Table 1 (September 5, 2009) (utility-

reported program savings used for scaling purposes only). Source: NRDC (2009)
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business model. In fact, some savings from efficiency codes and standards are
counted toward utility efficiency goals, thus providing utilities a mechanism to
earn from advocating more advanced energy saving codes.

Some states, such as Vermont and Oregon, have opted to place efficiency
portfolio administration in the hands of third-party administrators. This
approach can be very successful at administering energy efficiency funds, but
handing over efficiency administration to a third party does not deal with the
problem of utility incentives. Utilities will continue to seek profitable invest-
ments in supply-side alternatives and be less than fully motivated advocates for
efficiency standards unless they are regulated to provide low cost energy
services instead of just units of energy.

Even as renewable energy becomes a reality, energy efficiency is likely to
remain the cheapest and lowest impact way to meet society energy service
needs. Over the long term, utilities should be motivated to sell and advocate for
what works best for their customers and the planet.

3. BUILDINGS AND APPLIANCES

A number of parallels exist between successful utility efficiency policies and
policies promoting efficiency for buildings and appliances. However, differ-
ences in the market structures and market actors for buildings and appliances
require a different regulatory and policy approach than utilities in reaching
efficiency objectives.

3.1. Minimum Standards

The process for state or national standard development can be generalized into
three steps and can be done either through direct legislation or a regulatory
process:

l Understand the market characteristics of the particular product or building
type and set an appropriate standard. This step requires looking at specific
technical and economic data that includes market size, potential upfront
incremental cost to industry and consumers, and energy cost savings.

l Define a suitable test method that tests the product in all relevant usage modes
and general consumer behavior patterns. Ideally, this includes energy rating
procedures for a given product or building type. This step both allows for
apples-to-apples testing and is the first step toward informing the consumer.

l Enforce the standards through certification procedures (building officials
and energy raters) and “off-the-shelf” testing for appliances.

3.1.1. Minimum Standards: Buildings

Much like in the utility industry, the building construction industry often
ignores energy efficiency if there is no energy efficiency building code, or
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compliance is not adequately enforced. Builders typically don’t consider
operating costs during construction because consumers don’t look for it and it is
often initially more expensive to build more efficiently. Without consideration
of operating cost, builders may build the least efficient building possible, even
if the purchaser/owner will end up paying a great deal moredwhen purchase
and energy-operating costs are addeddover the lifetime of the building. Areas
without energy efficiency building codes allow builders to create extremely
inefficient buildings. Without a mandate, locally enforced energy efficiency
building code, builders often construct the least first-cost buildings they can,
without considering operating cost and efficiency.

In the U.S., building energy codes are developed by two bodies: the
International Codes Council (ICC) and the American Society of Heating
Refrigeration and Air-Conditioning (ASHRAE). The ICC produces the Inter-
national Energy Conservation Code (IECC) to govern low-rise residential and
ASHRAE produces Standard “90.1” to cover commercial and high-rise resi-
dential. These are dubbed the National Model Codes. Every three years
(approximately) the model codes are updated to incorporate current technol-
ogies and best practices. The last revision of the IECC (2009) is projected to
save 12e15% of the energy demand of a new building over the 2006 version,21

and the 2004 version of 90.1 saves 14% over the 1999 version.22 Until recently,
the model codes did not make very significant improvements in efficiency.
Adoption of these model codes is left up to individual states, where the track
record varies considerably.

A similar cycle is at play in the European Union, where energy codes are
now required for all member nations. However, these codes are developed and
implemented by each member nation as opposed to being centrally created. The
disjointed nature of code creation means that some jurisdictions have inade-
quate codes, leaving room for inefficient new buildings.

In China, there are a set of national building energy efficiency standards,
which are currently set at levels of approximately 50% more efficient than
a standard 1980 Chinese building. Unlike the U.S., China has selected
a benchmark in 1980 and all new standards are compared to that benchmark.
The Ministry of Housing and Urban-Rural Development (MOHURD)
develops these standards and all cities are mandated to implement the current
50% standard by 2010. Large, more developed cities like Shanghai and
Beijing are required to implement a 65% standard and by 2020 all cities
should follow the 65% standard, with leading cities utilizing an as-yet

21. Energy Efficiency Codes Coalition. (2009). Energy & cost savings analysis of 2009. IECC

Efficiency Improvements. www.thirtypercentsolution.org/solution/EECC-Savings_Analysis-Jan-

2009.pdf

22. United StatesDepartment of Energy,Office of Efficiency andRenewableEnergy. (2008).Federal

Register, 73(250, December 30), notices. www.energycodes.gov/implement/determinations_

90.1-2004.stm
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undeveloped 75% standard. These standards apply to both residential and
commercial buildings.

India has a similar approach, with less future planning. India has
a mandatory building energy efficiency code, the Energy Conservation
Building Code (ECBC), which applies to all structures connected to a load
greater than 500 kW. That would include high-rise residential and commercial
buildings. This code was developed by India’s Bureau of Energy Efficiency
(BEE). BEE has a broad mandate to reduce wasteful energy consumption,
similar to that of the California Energy Commission.

These countries share the understanding that mandatory minimum energy
codes save building owners and occupiers money, reduce wasted energy, and
catch the laggard builders. Unfortunately, each country struggles with imple-
mentation of these codes, which requires more than simply a mandate. Until
recently in theU.S., states had little incentive to adopt codes aside from the energy
benefit. A similar issue exists in China and India, where regions frequently resist
adoption and have vast internal disparities in wealth, making efficient buildings
that much more difficult to mandate. Local politics and the drive for economic
growth is often a major barrier to even highly cost effective energy building code
regulation and implementation, setting up a classic “race to the bottom.” The
strongest opponents to code adoption and implementation have included real-
estate brokers, building developers, and construction industry. This in turn causes
local officialswho, in the drive to deepen tax-base revenues and show “real signs”
of local economic health, go along with developers to expedite new building
development and miss huge energy and financial savings opportunities.

States including California, Massachusetts, states in the Pacific Northwest,
New York, and Florida have all discovered on their own that mandatory
building codes and appliance standards are critical to their energy security.
Some Indian states and Shanghai and Beijing have also pushed their own
mandatory codes and energy efficiency programs. In the U.S., these programs
can cost as little as 2.5 cents/kwhr, out-competing traditional coal generation.23

Building codes and appliance standards in California have avoided the
construction of nearly 24 large power plants over the past 30 years.24

In ideal situations, a national agency like the BEE, MOHURD, or at some
point in the future, the U.S. Department of Energy (DOE), would be tasked with
the development of national model codes to eliminate “wasteful, inefficient,
unnecessary, or uneconomic uses of energy”25dthe mandate of the California
Energy Commission. Nationalized codes makes competition among

23. American Council for an Energy Efficiency Economy. (2009). Saving energy cost-effectively:

A national review of the cost of energy through utility-sector energy efficiency programs. www.

aceee.org/pubs/u092.htm.

24. California Energy Commission. (2005). Integrated energy policy report (CEC-100-2005-007),

p. 70

25. California Public Resources Code, Section 25401.
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architecture, construction, and engineering firms across state and country lines
easier, with opportunity to scale best practices and lower the time and resources
it takes for building industry participants to learn and adapt to ongoing code
updates and revisions.

Unfortunately, national mandates on state building codes have not yet
materialized. However, the American Recovery and Reinvestment Act of 2009
(ARRA) provides grants to states that agree to update building codes. In
addition, the states must achieve 90% compliance with the updated codes in the
future.26 Almost every state committed to updating their code in order to
receive State Energy Program funding.27

Building codes in the United States, China, Europe, and India are imple-
mented and enforced at the state level, rather than centralized. Each state has
the power to minimize energy use in buildings, or waste it. As a result, broad
leadership is required to realize the benefits of efficiency through enhanced
mandatory state code implementation and enforcement.

If every country developed or simply borrowed and implemented a national,
mandatory energy efficiency code, builders would have harmonized require-
ments and could benefit from shared practices, consumers would have a reliable
minimum performance, and the energy savings would be staggering.

According to the Building Codes Assistance Project, if every U.S. state
adopted the latest model energy codes, without considering the impacts of future
updates and increased stringency, the collective impact in 2030 would amount to
1.2 quads of electricity saved, 80millionmetric tons of greenhouse gases avoided,
and 9 billion dollars back in the consumers’ pockets. Coupling this with regularly
updated codes and adequate labeling, the impact would increase dramatically.

3.1.2. Minimum Standards: Appliance

Similarly, without strong minimum standards to push industry to manufacture
efficient appliances, consumers will be left with inefficient appliances to carry
out essential services both at home and in the workplace.

The technical challenges to improving energy efficiency in large appliances
and equipment are in many ways similar to how efficient buildings are designed
and built. However, the appliance and equipmentmarket differs from buildings in
that, (1) most appliances have lifetimes spanning years not decades, and (2) most
appliances are portable; that is consumers have the ability to either physically

26. The 2009 federal stimulus bill, American Recovery and Reinvestment Act, Section 410

required governors to provide assurance that they would seek to update their building codes in

order be eligible for State Energy Program Funds. Increased code implementation through

inspector training and support (funded through utility or state programs) is an enormously

cost-effective energy efficiency investment opportunity.

27. Building Codes Assistance Project. (2009). http://bcap-energy.org/node/461. Only one former

governor, Sarah Palin of Alaska, refused to provide assurance, but the Department of Energy has

not denied funding to any state based on failure to follow through on this commitment.
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move the product as their home or work settingsmight change or secondarily sell
the product to another consumer. This aspect of portability presents a set of
unique challenges to implementing efficiency for consumer appliances.

Over the latter half of the twentieth century, the U.S. was the global leader
in designing and exporting the mass production techniques for a large majority
of consumer appliances. Examples of such appliances include the clothes
washer, dishwasher, and refrigerator in the 1950s to the mainframe computer of
the 1960s to the personal computer in the 1980s. The rapid technological
development of consumer appliances occurred at the same time the U.S. and
most of the developed world saw unprecedented growth and stability in fossil
and nuclear-based energy supplies. Much like in the utility and building sectors,
cheap and abundant energy led to complacence among product designers,
engineers, and consumers about energy efficiency.

Since many of the leading appliance manufacturers were in the Unites
States over this period, the most important appliance efficiency regulatory body
was the U.S. Department of Energy (DOE). Up until 1987 with the passage of
the National Appliance Efficiency Conservation Act (NAECA), no major U.S.
federal legislation existed to mandate minimum appliance efficiency standards.
Two earlier federal laws, the Energy Policy and Conservation Act of 1975 that
set efficiency “targets” for certain appliances, and the National Energy Policy
Conservation Act (NEPCA) of 1980 that authorized DOE to promulgate
regulations for 13 products, amounted to ineffective policies to push the
appliance market to be more efficient.28

After passage of NEPCA of 1980, the Reagan Administration-led DOE
chose not to follow mandate to promulgate standards according to the legislated
schedule in NEPCA to develop minimum efficiency standards for a number of
products. Advocacy groups, led by the NRDC, and several progressive states
including California, New York, and Massachusetts, led an effective litigation
strategy against DOE through the early 1980s. It was the successful settlement
of this NRDC-led legal action against DOE and appliance manufacturers that
led to the enactment of NAECA in 1987.

Absent DOE willingness to follow orders to mandate new minimum
appliance standards, advocates have found success in setting state-level
appliance standards, despite federal preemption for some product types like
clothes washers.29 This efficiency advocacy strategy has proven effective for
several product types. In essence, manufacturers, who fear 50 different policies

28. Howard Geller. (1995). National appliance efficiency standards: Cost-effective federal regu-

lations. American Council for an Energy Efficiency Economy. www.aceee.org/pubs/a951.htm

29. U.S. Court of Appeals for the Ninth Circuit. California Energy Commission (CEC) vs. U.S.

DOE and Association for Home Appliance Manufacturers (AHAM) on CEC waiver for

preemption to set state-level water efficiency standards for residential clothes washers. Filed

October 28, 2009. Before: William C. Canby, Jr. and Kim McLane Wardlaw, Circuit Judges, and

David G. Trager, District Judge. Opinion by Judge Canby. No. 07-71576 www.ca9.uscourts.gov/

datastore/opinions/2009/10/28/07-71576.pdf
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regulating their given product, are coerced to join advocates to encourage DOE
to set more stringent national standards.

DOE under the Obama Administration has taken more serious steps,
including adequate line-item funding to keep up with the revised schedule to set
new appliance efficiency regulations.30 And there is no doubt that Energy
Secretary Steven Chu is enthusiastically behind DOE’s appliance standards
regulatory efforts.31 Illustrating the strength of minimum federal appliance
efficiency standards as a policy tool for reducing U.S. greenhouse gas emis-
sions, Figure 5 shows that by 2030, if DOE keeps to its rulemaking schedule
and applies moderately stringent standards, over 150 million metric tons of
greenhouse gas emissions will be avoided by 2030.

One area of emerging interest for appliance and equipment efficiency is
application into the burgeoning digital infrastructure that is responsible for
enabling our growing information-based economy. What differentiates this
sector from other consumer appliance products is the sheer scale (global)
and the unprecedented change of product innovation and growth; product
cycles can be measured in terms of weeks and months rather than years.
Keeping up with rapidly changing product cycles is a difficult challenge for
governments.

For more traditional appliance products some national governments are
working to coordinate to set a single standard, which would serve as de
facto global standard. Manufacturers who engage on these regulatory
proceedings often support them as it provides them with regulatory certainty
to globally manufacture and sell certain products.32 Solid political leader-
ship to authorize new or more stringent standards with assertive regulatory
follow-through to implement and enforce the rules is the surest pathway for
long-term market transformation to bring up the efficiency floor for
appliances.33

30. U.S. DOE. (2009). Implementation report: Energy conservation standards activities.

Submitted Pursuant to: Section 141 of the Energy Policy Act of 2005 & Section 305 of the Energy

Independence and Security Act of 2007 U.S. Department of Energy, Washington, D.C.: U.S.

DOE e EERE. www1.eere.energy.gov/buildings/appliance_standards/pdfs/seventh_report_con-

gress_aug_09.pdf

31. In March of 2009, Secretary Chu told National Geographic, “Energy efficiency can be

improved very quickly.. Appliance standards, ka-BOOM, can be had right away!”

32. International Institute for Energy Conservation (IIEC), 2010

33. The California Public Utilities Commission (CPUC) defines market transformation as:

“Long-lasting sustainable changes in the structure or functioning of a market achieved by reducing

barriers to the adoption of energy efficiency measures to the point where further publicly-funded

intervention is no longer appropriate in that specific market.” See: Rosenberg, M., & Hoefgen, L.

(2009). Market effects and market transformation: Their role in energy efficiency program design

and evaluation. CA Institute for Energy and Environment. http://uc-ciee.org/energyeff/documents/

mrkt_effts_wp.pdf
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3.2. Information and Incentives: Overcoming the Market Barriers
to Efficiency in Buildings and Appliances

Labels increase the transparency of the buildings and appliance market,
creating informed consumers, operators, and owners. Efficiency labels for
buildings seek to quantify or compare the efficiency of a given building.
Labeling buildings and appliances allows energy efficiency to compete for
provision of energy services on a more level playing field.

However, labels alone often do not overcome the impact of “first costs” on
consumers, thus incentive programsdto-date most often run by utilitiesdare
necessary to promote greater efficiency levels and promote innovation.

In the long run, labels and incentive programs designed to overcome
present-day market barriers and accelerate market adoption of higher perfor-
mance buildings and appliances must shape market innovation frameworks to
give builders and manufacturers continuous reason to deliver better energy
services in our buildings and appliances.

3.2.1. Buildings

The U.S. is lagging in this arena by not requiring any energy performance
labeling for buildings. Efforts to develop the mechanisms for accurate and
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low-cost labeling methods are still in development, but not yet ready for
widespread market adoption. Labels are essential for consumers to understand
what they are consuming and how to buy the healthy choice: an efficient
building.

Without an energy efficiency label, there is no way for a potential consumer
to know how much energy a new building might demand. Cars, appliances, and
some consumer electronics are required to show their relative efficiency. If such
information were available for all buildings, consumers could make purchasing
decisions based on the total budget impact of various housing options:
a cheaper home with higher energy costs may have a higher total cost than
a more expensive, but highly efficient one. Transparent information on the
energy costs associated with buildings is arguably even more important to
potential purchasers than with other products and technologies, because of the
slow turnover rate and the relatively high level of energy consumption asso-
ciated with buildings. According to the Center for Neighborhood Technology,
poorly located and constructed buildings can cost as much to operate and
commute to and from as the mortgage payments themselves!34 Unfortunately,
consumers rarely see these costs when buying a home because of the problem
of a lack of transparency for both location and energy efficiency. This section
will focus on energy efficiency.

Labels for buildings can be divided into four quadrants, as in Table 6.
Normative labeling typically identifies a threshold benchmark. These labels are
awarded when a building achieves a performance-based goal and does not
differentiate between buildings that meet the goaldeven if they meet the goal
for different reasons. Incentives or mandates can be tied to normative labeling
requirements, which typically use standard testing procedures. These labels are
relatively simple and universal and provide a resounding market signal.
Examples include ENERGY STAR for homes and commercial buildings35 and
the United States Green Building Council’s Leadership in Energy and Envi-
ronmental Design (LEED)36 certification.

Informative labels provide a scale by which to judge performance against
either peers or a standardized benchmark, such as miles per gallon or the
EnergyGuide labels on appliances, discussed below. These labels typically
show a scale with poor performance on one end and high efficiency on the
other. Unlike the normative labels, the informative versions allow the consumer
to compare a broader range of products including those that do not achieve
normative ratings and those that go well above and beyond such ratings.
However, the informative labels require a more educated consumer to under-
stand the rating, weighing up-front cost against long-term savings. Such
informative labels include the Portfolio Manager from ENERGY STAR and the

34. See also: Goldstein, D. (2010).

35. For more information: www.energystar.gov/index.cfm?c¼home.index

36. For more information: www.usgbc.org/ and this book’s Chapter 9 by Gray and Zarnikau.
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Residential Energy Services Network (RESNET). COMNET is a labeling
system under development for commercial buildings, similar to RESNET.

Informative labels can be tied to performance-based incentives, discussed
later. These labels do not always provide a strong market impact, but they
increase transparency to inform consumers of the differences between one
building and another. Attaching incentives to an informative labeling program
produces a market signal out of what otherwise may be difficult-to-use infor-
mation. Incentives are a market-pull mechanism that transforms typical
construction practices. Although some might argue that adequate transparency
and oversight should spark the natural interest of the market in more efficient
buildings, incentives are much more likely to transform the market quickly by
moving consumers toward the most efficient buildings available.

Linking effective labeling to incentives for higher efficiency magnifies the
impact. For example, a tax incentive can motivate more efficient practices for
dramatic improvements on conventional practice. Currently a U.S. federal tax
credit offers $2000 for a new home that is 50% more efficient than standard,
defined as 2004 IECC model code (see Table 4). For commercial buildings,
there is a tax deduction of $1.80 per square foot for buildings that exceed the
2001 ASHRAE 90.1 standard by 50%.

The deeper efficiency coupled with a tax-based incentive motivates inno-
vation in construction practices: in 2007, 23,702 homes received the tax credit
compared to one-third that number (7100) in 2006. In 2008, only 21,939 homes
qualified, but in 2009, the number of homes receiving the credit increased to
37,506, despite the fact that the total number of new homes completed reduced
from 485,000 in 2007 to 374,00 in 2008. The result is that by 2008, over 10% of
new homes met the qualification, up from less than 1% in 2006.37

TABLE 4 Impact of Federal Tax Credit on Efficient Home Construction

Year

Number of

Homes Verified

for Tax Credit

Total Number of

New Homes

Sold in the U.S.

% of New Homes

Sold Verified

for Tax Credit

2009 37,506 374,000 10.0%

2008 21,939 485,000 4.6%

2007 23,102 776,000 3.0%

2006 7,110 1,051,000 0.7%

Source: Communications with RESNET (2010)

37. Communications with RESNET, March 2010
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Operational labels refer to the energy or resource use of a building after
construction and during operation, versus asset-value, which is a calculated
measurement through computer modeling. The building is built and occu-
pied for 12 months before it can get an operational rating. This allows for
data collection of the real energy demand of that building. These data are
then compared with the national average for the same building type and
occupancy and a relative, operational rating is produced. Operational ratings
are not achieved until after construction and testing under normal condi-
tions. Examples include ENERGY STAR for homes and commercial
buildings.

Asset-value labels refer to the “value” of the structure itself, independent
of who owns or operates it. The rating is based on a computer simulation
model, which compares the new building to a benchmark theoretical
building. This provides an apples-to-apples comparison among any labeled
home or building and can be deployed before the building is occupied or
even built. An example is the Home Energy Rating System (HERS) devel-
oped by RESNET.

Operational labels give the occupant an idea of how well they are operating
their building while asset-value labels give potential owners an idea of how
efficient their building could be operated by any occupant.

Performance-based construction and operation incentives influence near-
and long-term practices. A performance-based incentive is tied to an incre-
mental goal above standard practice. Instead of requiring specific components,
such as increased insulation or highly efficient equipment, a performance-based
incentive considers whole-building energy demand. In other words, a perfor-
mance-based incentive would require a building to reduce total energy
consumption over a year, as compared to a benchmark such as the local energy
code requirements. Performance-based incentives allow builders to find crea-
tive and cost-effective ways of achieving efficiency. However, prescriptive
requirements for efficiency may focus attention on certain well-known energy
culprits, they may also tie the hands of builders and stifle innovation if not
repeatedly overhauled. In addition, cost-based incentives confuse spending
with effective efficiency improvements. Performance-based incentives could
also act on operational energy ratings such as ENERGY STAR to determine
compliance, thus encouraging the user of the building as well as the design and
building team to minimize energy waste.

Each of these four labels are designed for different uses and all are useful
(Figure 6). For future policy, the optimal arrangement would be:

l Operational informative labels for quantifying real greenhouse gas
emissions from a building and/or incentivizing the reductions of those
emissions.

l Operational normative labels for recognition of outstanding performance.
A company could provide an incentive to any of its offices that achieve this
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label. A city or county could do the same. This creates competition and
goal-oriented progress.

l Asset-value informative labels for informing home and building buyers of
the efficiency of a given building. These labels may drive up demand for
more efficient construction, which can then be sold at a premium. In addi-
tion, these labels could be useful for the mortgage industry to quantify the
likely energy savings of a more efficient building and apply that dividend to
the buyer’s income.

l Asset-value normative labels for purchasing new structures. Any entities
that own multiple buildings could require new purchases to be of a certain
threshold, communicated through this label.

The European Union, China, and Russia each require some form of energy
labeling for buildings. The EU requires both asset and operational informa-
tive labels on new and existing buildings, to be administered by each member
state and to follow general requirements from the Union. China and Russia
only require an asset-value informative label, with mixed requirements for
application. Although the U.S. is using its labeling programs with various
incentive programs to drive the market toward greater efficiency, much
remains to be done to standardize labeling across alldnew and existingd
buildings.

With greater information, incentives can promote innovation and
improve market penetration of the most efficient practices. Incentives for
improved building efficiency are jurisdictionally spotty and incomplete.
Enhanced incentives provide a substantial savings opportunity and could
rapidly transform new construction markets. Improving building efficiency
should be a particular priority given the long life of most buildings and the
resulting “locked in” nature of their energy use. In countries with rapid
development, incentives could spark high levels of innovation, leading
to vastly reduced energy consumption with equal or improved energy
service.

FIGURE 6 The Basic

Tenets of Energy

Labeling*

*RESNET: Residential

Energy Services Network.

COMNET: Commercial

Energy Services Network.

LEED: Leadership in

Energy and Environmental

Design. Source: NRDC

(2010).
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3.2.2. Appliances

As discussed with regard to buildings, appliance energy labels can be gener-
alized into two camps:

l Normative segmentation, which labels higher efficiency products within
a given product type

l Energy informative, which reveals how much energy and energy-costs are
used over the lifetime of a product

Sufficient awareness and education of product life-cycle energy cost within the
scope of consumer preference is required to overcome a primary market
barrierdinformationdthat keeps energy efficiency from expanding its reach in
consumer appliance markets. Increased consumer awareness on life-cycle
energy must avoid “information overload” on product operation and energy
use. Too much information can be just as bad as none. Overall, influencing
consumer preference toward minimum life-cycle energy costs means capital-
izing on the consumer taking a single “glance.”

An excellent example of normative market segmentation to build awareness
on energy efficiency for consumer appliances and equipment is the trusted and
widely known consumer label, ENERGY STAR�, which, for appliances, is
administered by the U.S. EPA. Since the 1990s, the ENERGY STAR label
program for appliances and equipment has grown from a program that initially
targeted computing and office equipment to one that encompasses scores of
product types in both residential and commercial markets. Three of every four
Americans recognize the label for its simple purpose to distinguish a given
brand from another as being more energy efficient, which now covers over 50
distinct product types.38 Figure 7 shows that the estimated GHG savings from
the ENERGY STAR label for appliances is not insignificant, adding up to
nearly 900,000 MTCe avoided by 2025.

Like all normative labels, ENERGY STAR for appliances program only
provides a single segmentation of the market, which is to say, a product either
has the label or not. The biggest risk that this labeling program carries is to fall
behind market cycles, thus becoming outdated and watered down by covering
excessively high market share of some products. The EPA and DOE must
constantly monitor each consumer appliance market and be prepared to ratchet
up minimum efficiency thresholds to remain within the 25e50% market share
to drive future efficiency innovation.

Coupled with normative labeling such as ENERGY STAR, providing
energy information such as the U.S. Federal Trade Commission (FTC) Ener-
gyGuide label is especially useful for consumer appliances whose lifetime
energy costs are greater than half of the upfront purchase price. The products
that now carry the yellow FTC labels include clothes washers, dishwashers,

38. See www.EnergyStar.gov
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refrigerators, freezers, water heaters, window air-conditioners, central air-
conditioners, furnaces, boilers, heat pumps, pool heaters, and most recently,
televisions. However, despite the information provided by the FTC label,
studies have shown that the majority of consumers still fail to recognize or
understand the energy use and cost information.39 Informative labels have to
provide enough information, but not too much, or they risk irrelevance.
Regardless of whether a label works through market segmentation or directly
providing energy use information, as labels are better recognized and under-
stood by consumers, efficiency will play an increasing role in product selection.

As discussed with buildings, informative labeling is also more useful when
tied directly to incentive programs.40 Market incentives for appliances can be
an influential consumer-driven policy tool to transform appliance markets
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FIGURE 7 Energy Star Appliance Label Program Potential Greenhouse Gas Savings in thousand

metric tons of CO2 equivalent (MTCe) from 2007 to 2025*

*This analysis did not include certain consumer electronic product types and computer servers,

which were added to the Energy Star labeling program after 2008. Source: Sanchez, M. (2007)

39. Thorne, J., & C. Egan. 2002. An evaluation of the Federal Trade Commission’s EnergyGuide

appliance label: Final report and recommendations. ACEEE, report number A021. www.aceee.

org/pubs/a021execsum.pdf

40. A less well-known, but still valuable program that works to segment products based on levels

of efficiency is the Super-Efficient Home Appliance Initiative administered by the Consortium for

Energy Efficiency (CEE). For the Super-Efficient Home Appliance Initiative, CEE maintains

a multitiered listing of efficiency levels for various products. The listings are used to design various

energy efficiency incentive programs.
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toward achieving greater efficiency.41 Successful programs must first identify
where incentives can most effectively be employed in the supply chain.42

Appliance efficiency incentive programs should align with labeling programs,
but the most successful programs go further by fully integrating into the supply
chain, and often operate well “upstream” of the final consumer.43 Monetary-
based incentives, particularly to “downstream” consumers and retailers are
often less cost-effective than improving information and incentives for effi-
ciency upstream in the appliance market.44 An example of a successful
program is the New York State Energy Research and Development Authority’s
(NYSERDA) Energy $mart Products Program. The results of the decade-long
NYSERDA Energy $mart Program show that it is highly cost-effective,
yielding a greater than four-to-one program cost to consumer life-cycle energy
savings output (weighted average of all of the products that are incentivized
under the program), which is nearly double the program cost-effectiveness ratio
for consumer-rebate type programs.45

Borrowing many of the successful program elements from the NYSERDA
Energy $mart Products Program, a “best in class appliance deployment”
(BICAD) program was part of the American Clean Energy and Security
(ACES) Waxman-Markey bill that passed out of the House of Representatives
in May 2009. The BICAD program leverages two motivations of market

41. A key challenge in designing incentive programs to save energy at costs lower than delivering

generated energy is ensuring that the savings can be measured and counted as attributable to the

program. For example, in many states utility efficiency programs must be able to prove to their

regulators that consumers would not have saved energy without the information or incentive

provided by the program.

42. Program design involves market-encompassing studies (e.g., market characterization capturing

market actors along the supply chain, transaction flows, and information flows) to understand the

existing marketplace for a given product.

43. The unfortunate result is that these programs often appear “invisible” and are therefore not

well-known or understood among the wider audience of key policymakers and utility bill payers

who have the ultimate say in directing the funding to procure necessary resources to carry out such

programs.

44. See W. Golove and J. Eto (1996).

45. The NYSERDA Energy $mart� Products program rewards retailers who sell a higher

proportion of ENERGY STAR-labeled products than nonqualifying high-efficiency products.

Retailers have used any variety of creative and innovative aims to get consumers to purchase the

more efficient products. Common retailer sales tactics that have emerged include eye-catching

energy and environmental promotional pieces, coupons, and price markdowns for the efficient

products, consumer education via signs showing product energy savings, and favorable shelf

positioning for efficient appliances. The program does not discriminate based on store or company

sizedeverything from local “ma and pop” hardware stores to Home Depot, Lowe’s, and Best Buy

are able to take part and benefit from the program. See: Engel, V. (2007). New York Energy $mart

Products Program market characterization, market assessment and causality evaluation. Final

report. NYSERDA. www.nyserda.org/Energy_Information/ContractorReports/Summit%20Blue/

2007%20Reports/Final%20MCAC%20NYE$%20Products%20Program.pdf
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participants: the drive for retailers to increase sales and manufacturers to gain
visibility.

The program is structured around three types of incentives targeted at each
major market actor in the general residential and commercial appliance
marketplace.

An incentive to retailers for increasing sales of best-in-class product models.
l DOE would determine best-in-class models, defined as up to the best

performing tenth of the competing products in a class and review the
standards annually to keep up with changing market conditions.

l Retailers would obtain a bonus for each sale of a best-in-class model.
l The size of the bonus would be based on the given product’s lifetime

energy cost savings of the best-in-class product model compared to
the average product in the product class.

An incentive to retailers for the retirement and recycling of an existing inef-
ficient but functioning product.
l Bounties would be based on the difference in energy costs between the

retired product and the deemed energy costs of an average new product
in the product class, discounted for the retired product’s estimated
remaining life.

l The legislation also includes a provision to establish standards for envi-
ronmentally responsible methods of recycling.

An incentive to manufacturers for introduction of super-efficient best-in-
class products.
l The Department of Energy would determine the highest efficiency

product that could plausibly be mass-produced and provide a bonus to
manufacturers for introducing products meeting that standard.

l This “golden carrot” approach has been successful in the past and will
spur the creation of more efficient products while making those products
more affordable.

Incentives for appliance efficiency can be more efficiently applied in the
marketplace to achieve market transformationdwhere the market share of high
and super-high efficiency products moves the curve forward. Programs such as
BICAD at the national level would be a promising start.

CONCLUSIONS

If utilities are to meet the future energy needs of homes, industry, and busi-
nesses while decreasing emissions, the traditional utility business model must
change. The financial health of utilities should be tied to how well they meet
their customers’ energy service needs at least cost, not how much energy they
sell. An economy-wide carbon cap would provide an incentive for all sources to
cut emissions, but capping emissions will not be enough, on its own, to over-
come the barriers facing energy efficiency. Utility-specific regulatory changes
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will also be necessary to put energy efficiency on a level playing field and
transition utilities toward becoming energy efficient service providers. In
particular, policymakers should:

l Require utilities to pursue all cost-effective energy efficiencydall energy
efficiency measures that are cheaper than supply-side sources, accounting
for the full societal costs of generation

l Allow efficiency investment cost recovery and make utilities indifferent to
changes in energy sales through “decoupling”

l Provide earnings opportunities for energy efficiency performance

With these reforms, regulators can reshape the market structure to enable
utilities to deliver reliable energy services at minimum cost to society.

In the buildings and appliance sectors, there are three policies at the national
and state level that are critical to improving efficiency performance.

l First, robust and frequently updated mandatory building codes and appli-
ance standards, set state- or nationwide at the technology-neutral “floor”
for performance.

l Second, expanded and improved labeling and rating programs based on life-
time energy costs. In buildings, all four types of labels should be deployed,
as discussed above, but the greatest void is currently in the commercial
asset-value field. Labeling is essential to provide information to consumers
and assist compliance and enforcement mechanisms for both mandatory
codes and incentives.

l Third, incentives through both tax policy and direct subsidy. Appliance
incentives should target upstream retailers, distributors, and manufacturers
in the industry supply chain to expand the share of energy efficient appli-
ances and equipment for consumers.

These three strategies can be employed in any country and have been used to
varying degrees in numerous jurisdictions. With the leadership to implement
such strategies at the local and state level, these reforms will eventually
transform the building and appliance markets, promote innovation, and reduce
the global environmental and social costs of meeting our growing demand for
energy services.

Taken together, these reforms unlock market demand for energy efficiency
by appropriately aligning incentives toward minimizing the full societal impact
of energy services. Implemented aggressively, these policies can drive down the
use of energy even as demand for energy services continues to rise.
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1. INTRODUCTION

Today’s average home in the developed world consumes more energy than
homes did 50 years ago, despite modern innovations and technologies. The
relatively cheap cost of average home construction materials has led home-
buyers to cool and heat rarely used floor space and adopt home designs that are
energy-inefficient for the local area. The general increase in dwelling size has
been another significant trend over the past half century, contrasting with
a decrease in the average family size in many developed nations. For example,
this book’s Chapter 14 by Bauermann and Weber describes how higher income
levels and bigger homes are correlated in Germany. Similarly, the U.S. average
house size increased 41% between 1978 and 2008.1 To move toward a more
sustainable future, energy consumption must be reduceddand a great place to
start is at home.

1. U.S. Census Bureau.Median and average square feet of floor area in new one-family homes sold

by location. www.census.gov/const/C25Ann/soldmedavgsf.pdf.
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This chapter examines residential energy consumption, emerging home
construction and appliance technologies, and the types of dwellings that would
be necessary to achieve significantly lower levels of energy consumption in
homes throughout the developed world. Current energy use is profiled to
provide a benchmark. We review today’s state-of-the-art technologies. To
explore how dwellings and lifestyle could be altered to meet energy reduction
goals, we survey some of the more innovative green building programs, zero net
energy (ZNE) home subdivisions, and “deep green” community designs. These
initiatives reveal what could be achieved today through the application of
advanced building and community design principles that stress energy
conservation, water conservation, minimization of waste, recycling, indoor air
quality, and related measures to minimize environmental impacts and provide
a blueprint for a large-scale response to climate change. Good building design
needs to be at the forefront of any major energy consumption overhaul, but the
behavior of building occupants cannot be overlooked. As this book’s Chapter
11 by Prindle and Finlinson highlights, occupant behavior and operational
aspects of energy use may be much more effective than technological fixes.

Moreover, designing and constructing new homes to achieve aggressive
energy efficiency goals is much easier and less expensive than retrofitting the
existing building stock. While the widespread dissemination of today’s most
efficient technologies and practices would fall short of achieving negligible
energy consumption, the remaining gap may be overcome by relying on small-
scale on-site distributed renewable energy resources. Yet, the costs and physical
limitations of renewable energy resources suggest that sole reliance on renew-
able energy resources to fill the gap could prove impractical, at least in the near-
term. Consequently, changes in behaviors and lifestyle may also be required.

The following section profiles home energy use in today’s developed econ-
omies. The design of effective strategies to reduce energy use requires attention
to the considerable differences in residential energy use among different nations
and climates. Section 3 describes some leading initiatives designed to promote
more energy efficient homes. These green building programs, government
policies, and zero energy home projects demonstrate that thoughtful design and
construction can improve the performance of newhomes. Section 4 considers the
measures that would be required to reduce energy consumption in existing
homes by reviewing the results of recent energy efficiency potential studies.
Section 5 discusses how policies, programs, and enabling technologies might
contribute to the achievement of the potential efficiency gains by overcoming
some key barriers. The analysis presented in Section 6 suggests that a goal of
negligible net home energy use may be hypothetically possible but is unlikely to
be practical in the near-term based merely on physical measures, such as
improvements in building shell characteristics, more-efficient appliances, and
thewidespread deployment of distributed renewable energy systems. Rather, the
analysis shows that behavioral and lifestyle changes will be necessary. The
chapter’s conclusions are provided at the end.
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2. RESIDENTIAL ENERGY USE

To provide a benchmark, we review household energy use in the world’s
developed economies. After examining direct or on-site energy use, we
comment on the indirect or embodied energy use associated with the production
or delivery of consumer products and services prior to their use.

2.1. Direct Energy Use

Direct per capita energy consumption varies greatly among the world’s
developed nations. Among OECD countries for which data are available,
Canada has the highest level of per capita energy consumption, followed by the
U.S. and Finland. If adjustments by the International Energy Agency (IEA) to
take into consideration differences in climate are taken into account, the U.S.
would have the highest level of per capita residential energy consumption, as
indicated in Figure 1.2 Levels of per capita energy consumption in the U.S. are
at least twice the levels of per capita consumption in Spain and New Zealand on
either a normalized or unadjusted basis. The explanation for this discrepancy is
related both to lower energy costs and to behavioral energy use patterns.

Among 19 large nations for which detailed data are available,3 space
heating constitutes the largest energy end use, accounting for roughly 53% of
total household energy use in terms of heating units in 2005.4 For example, in
Germany the share of household energy used for space heating is as high as
80%, as described in Chapter 14 by Bauermann and Weber. Additionally, there
is virtually no air-conditioning in the residential sector in Germanydtypical of
colder European climatesdwhereas the reverse is true in the U.S.

As stated in this book’s Chapter 1 by Sioshansi, consuming energy provides
no utility by itself. The demand for energy resources is derived from the
demand for various services provided by appliances and equipment, which rely
on energy to operate. The difference in energy use among various nations
reflects their relative level of prosperity, climate, lifestyles, energy prices, real
estate prices, home construction practices, the age of the housing stock,
government policies, utility energy efficiency program activity, appliance
stocks and efficiencies, and a variety of other factors including habits, cultural,
lifestyle, and awareness of environmental consequences of energy use and
production.5

2. IEA. (2007). Energy use in the new millennium: Trends in OECD countries (p. 77).

3. Australia, Austria, Canada, Denmark, Finland, France, Germany, Greece, Italy, Japan, Korea,

the Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland, United Kingdom, and the

United States.

4. IEA. (2008). Worldwide trends in energy use and efficiency (p. 46).

5. In this book’s Chapter 3, Bartiaux et al. describe some of the cultural and behavioral

determinants of energy use within and among different societies.
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Much of the gap in household energy consumption between the U.S. and
Canada and other developed nations may be traced to differences in the average
size of homes. The average sized dwelling in the U.S. is nearly 50% larger than
the average home in all other developed nations, in part due to lower land prices
in the U.S. and Canada.6 The average U.S. home today is 50% larger than one
built 25 years ago.7 While housing square footage did increase dramatically
throughout the 1990s and 2000s, this may have reached a saturation point as
energy prices began to rise in the late 2000s, as noted in Figure 2. Meanwhile,
the average household size in the U.S. declined from 3.1 people in 1970 to 2.6
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6. IEA (2007), p. 72.

7. Avid Home Studios. (2009). The house of tomorrow from the recession today. www.

avidhomestudios.com/blog/2009/01/05/the-house-of-tomorrow-from-the-recession-today.
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people in 20078da trend that is happening in a number of other industrialized
countries as well.

This dramatic increase in housing size combined with factors such as
population growth and increasing appliance usage led to an increase in U.S.
energy consumption. However, noting the 2009 drop in energy use (to 310
million BTU per person), the U.S. Energy Information Administration (EIA)
predicts that energy use per capita will begin declining in 2013, further decline
by 0.3% per year on average, resulting in a 2035 projection of 293 million BTU
in 2035 (Figure 3).9 This decline in future consumption is also based on a fall in
energy intensity (BTU of energy use per dollar of real GDP) as a result of
structural changes and efficiency upgrades.

The composition of household energy use in advanced economies is vastly
different from the end-use breakdowns found in the developing world. For
example, cooking accounts for over 60% of total household energy consump-
tion in India10 and Mexico, much higher than in OECD.11

2000

Av. floor area 2,200 sq.ft.

1970

Av. floor area 1,500 sq.ft.

1950

Av. floor area 1,000 sq.ft.

FIGURE 2 Growth in the Average Home Size in the U.S. Over Time. From: U.S. Census

Bureau, National Association of Home Builders.

8. U.S. Census Bureau. (2009). America’s families and living arrangements: 2007. www.census.

gov/prod/2009pubs/p20-561.pdf.

9. U.S. EIA. (2010). Annual energy outlook 2010. www.eia.doe.gov/oiaf/aeo/pdf/trend_2.pdf.

10. World Business Council. (Undated).

11. Adriana Zaarias-Farah and Elaine Geyer-Allely. (2003). Household consumption patterns in

OECD countries: Trends and figures. Journal of Cleaner Production, 11, 819e827.
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While the thermal integrity of homes has generally improved since the
energy crises of the 1970s, this improvement has been offset by other factors
resulting in increased per capita household energy use in most developed
nations in recent decades.12 This growth in average per capita household
energy consumption can be traced to a variety of causes. Rising per capita
income in developed countries has resulted in demand for larger homes and
more energy-intensive services and appliances.13 Average dwelling size per
capita increased by 17% in 15 of the world’s most prosperous nations14 from
1990 to 2004. Meanwhile, occupants per dwelling declined from 2.8 in 1990
to 2.6 in 2004, with the declines most pronounced in Japan and Spain.15 As
a result, living space per person has increased. Moreover, higher levels of
comfort have become the norm over time. For example, indoor temperatures in
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mation Administration.)

)Annual energy demand. Figure 39. Annual Energy Outlook 2010. U.S. EIA. Online. Available:

http://www.eia.doe.gov/oiaf/aeo/pdf/trend_2.pdf. Accessed July 1, 2010.

12. In this chapter, we shall adopt the usual convention of using heating values (e.g., BTUs and

Joules) to measure energy consumption so that we may employ many of the readily-available

government statistics. It should be noted, however, that use of measures of energy consumption that

rely on heating value metrics to monitor achievements in energy efficiency suffer from many

problems and can result inmanymisleading findings. See, for example: Berndt, E. (1985). Aggregate

energy, efficiency, and productivity measurement. Annual Review of Energy, 3, 225e73; Jay

Zarnikau. (1999). When different types of energy resources are aggregated for use in cconometric

studies, does the aggregation approach matter? Energy Economics, 21(5), 485e492. Jay Zarnikau.

(1999). Will tomorrow’s energy efficiency indices prove useful in economic studies? The Energy

Journal, 20(3), 139e146.

13. IEA (2008), p. 47.

14. Austria, Canada, Denmark, Finland, France, Germany, Italy, Japan, the Netherlands, New

Zealand, Norway, Spain, Sweden, United Kingdom, and the United States.

15. IEA (2007), p. 72.
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the U.K. have increased by 3�C over the past decade.16 There has been
increasing reliance on energy to save time and labor through automa-
tiondmechanical clothes washing and drying, for exampledand to improve
hygienedfor example, cleaner clothes and more-frequent bathing.17

Electricity use has been rising due to its versatility or form value as an
energy resource.18 In contrast, per capita end-use consumption of natural gas,
the other predominant household energy source in developed countries, has
been declining since the 1980s.

Appliances other than water heaters, the fastest growing category of end-
uses, now account for 21% of the total in developed nations as indicated in
Figure 4.19 Refrigerators, freezers, washing machines, dishwashers, and tele-
visions account for half of the electricity use in this category.20 Dramatic
efficiency gains have been achieved in refrigerators, freezers, washing
machines, and dishwashers over the past couple decades. But miscellaneous
appliances, including computers, flat screen televisions, mobile phones, and
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Source: Adopted from �OECD/IEA (2008),Worldwide Trends in Energy Use and Efficiency. Data

are from OECD/IEA Indicators Database.

16. World Business Council (undated), p. 26.

17. OECD. (2002). Towards sustainable household consumption. Chapter 3.

18. Phillip Schmidt, Tom Sparrow, John Vanston and Jay Zarnikau. (1994). Neo-electrification in

the Information Age. Edison Electric Institute.

19. IEA (2008), p. 46.

20. IEA (2008), p. 48.
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home entertainment equipment, constitute the fastest growing component. The
growth in appliance energy use has been particularly strong in the U.S.,
Finland, and France.21 Americans now have an average of about 25 consumer
electronic products, compared to three in 1980.22 Under IEA’s definitions,
air-conditioning is also included in this category, and this end use has grown
significantly throughout the world’s hotter climates in recent decades. In
developed nations, the share of household energy consumption associated with
lighting and cooking is quite modest.

This review of household energy use reveals that different measures will be
required to constrain direct household energy use in different regions of the
world. A reduction in the use of energy for space heating through building shell
and community design would be an obvious target for efficiency efforts in
Europe’s cold climates. Measures targeting air-conditioning and appliance
energy use might be relatively more effective in the U.S. Water heating
efficiency measures might have greater success in the cooler climates of
Scandinavia and Canada. The feasibility of offsetting domestic energy use with
on-site photovoltaic (PV) systems and solar water heating systems will vary
based on levels of solar insolation, tree cover, and other factors. Cultural and
economic differences must be recognized, as well.

2.2. Indirect Energy Use

The indirect effects of consumer decisions must also be considered if our goal is
to reduce overall energy consumption. Indirect energy consumption refers to
the energy embodied in consumer goods and services such as clothing, food,
and building materials.23 Thus consumption decisions regarding the purchase
of a wide range of consumer products, as well as technology choices,
government policies, and other factors, have energy impacts which tend to be
reflected in government statistics as direct energy consumption in other sectors,
such as manufacturing, transportation, and agriculture.

Modeling approaches designed to quantify indirect energy consumption in
households or throughout the economy have been developed by a number of
researchers.24 Their findings suggest that in many countries indirect energy

21. IEA (2007), p. 67.

22. Jad Mouwad and Kate Galbraith. (2009). Plugged-in age feeds a hunger for electricity. New

York Times, 20 September 2009.

23. This book’s Chapter 4 by Meyer et al. also discuss indirect energy use.

24. For example: Christoph Weber and Adriaan Perrels. (2000). Modeling lifestyle effects on

energy demand and related emissions. Energy Policy, 28, 549e566; Robert Costanza. (1980).
Embodied energy and economic value. Science, 12(210, 4475, December), 1219e1224; Carey

King, Jay Zarnikau, and Phil Henshaw. (2010). Defining a standard measure for whole system

EROI, combining economic top-down and LCA bottom-up accounting. Proceedings of Energy

Sustainability 2010 Conference, Phoenix.
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consumption is at least as great as the direct or on-site household energy use
that is reported in government statistics. Indirect energy use or the energy
embodied in housing operations, transportation operations, food, and apparel
may be twice the level of direct household energy use in the U.S.25 Among 11
member states of the European Union (EU) for which data are available,
indirect energy accounts for between 36% and 66% of each state’s total
household energy consumption.26 However, it should be noted that the quan-
tification of indirect effects is fraught with difficulties, including boundary
problems,27 issues pertaining to attribution, and the inherent limitations of
input-output models.

In the remainder of this chapter, we focus on direct energy consumption, but
we are nonetheless mindful of the importance of the indirect component. Our
analysis of opportunities to reduce energy consumption begins with an
examination of efficiency opportunities in the design and construction of new
homes.

3. NEW HOMES WITH ENERGY EFFICIENCY AS A GOAL

How can the baseline levels of energy consumption presented in the previous
section be realistically lowered? A first, and relatively cost-effective, step
involves improved design and construction of new buildings. The initiatives
described in this section confirm that significant efficiency gains can realisti-
cally and cost-effectively be achieved through today’s technologies when
supplemented with behavioral changes.

Consider that half of all buildings constructed today will still be in use in the
middle of this century.28 Additionally, buildingsdincluding commercial buil-
dingsduse 40% of the total energy in both the U.S. and the EU.29 As the world

25. Shui Bin and Hadi Dowlatabadi. (2005). Consumer lifestyle approach to U.S. energy use and

the related CO2 emissions. Energy Policy, 33, 197e208.

26. A. H. M. E. Reinders, K. Vringer, and K. Blok. (2003). The direct and indirect energy

requirement of households in the European Union. Energy Policy, 31, 139e153; Kees Vringer and
Kornealis Blok. (1995). The direct and indirect energy requirements of households in the Neth-

erlands. Energy Policy, 23(10), 893e910.

27. The boundary problem refers to the question of “how far” to trace energy impacts. Is tracing

the energy consumption of a toaster to a coal mine enough? Or, must one consider the energy used

in mining the coal, or in manufacturing the equipment that mines and transports the coal? This

analysis could be carried on endlessly. This problem is commonly encountered when a “life cycle

analysis” approach is adopted.

28. Kaplan, Siena. (2008). Building an energy efficient America: Zero energy and high efficiency

buildings. Environment American Research & Policy Center. www.environmentamerica.org/

uploads/kx/Im/kxImeu7IZctnMBnd2AZJQg/AME-efficiency.v6.pdf.

29. U.S. Department of Energy. (2007). Annual Energy Review 2006. www.eia.doe.gov/emeu/aer/

contents.html.
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population desiring modern technology in their homes increases, efficient
building design becomes a critical consideration.

The types of initiatives discussed in this section generally fall into three
categories:

l Programs focused on energy efficiency through traditional building shell
and heating, ventilation, and air-conditioning (HVAC) equipment upgrades,
resulting in a modest improvement in energy efficiency beyond code
requirements

l Holistic green building programs
l Zero energy efficient buildings

3.1. Traditional Building Shell Plus Basic Energy Efficiency
Upgrades

In 1992, the U.S. Environmental Protection Agency (EPA) introduced the
ENERGY STAR program as a voluntary market-based partnership to
reduce greenhouse gas (GHG) emissions through increased energy effi-
ciency. This program was expanded in 1995 to introduce labels for resi-
dential heating and cooling systems and new homes. Homes that earn the
ENERGY STAR qualification meet strict guidelines for energy efficiency
set by the EPA. To receive the ENERGY STAR designation, homes must be
at least 15% more energy efficient than homes built to the 2004 Interna-
tional Residential Code (IRC),30 although energy-saving features such as
effective insulation, high performance windows, more efficient heating and
cooling equipment, and ENERGY STAR qualified lighting and appliances
can often lead to 20%e30% savings. Twelve percent of new housing built
in the U.S. qualified as ENERGY STAR.31 However, a voluntary market-
based incentive may not work as effectively as a mandatory energy
performance requirement would.

3.2. Green Buildings

Green building programs strive to promote overall resource conservation,
through attention to water conservation opportunities, minimization of
construction waste, recycling, improvements in indoor air quality, and efficient
building operation in addition to energy conservation. The current leader in
setting stringent standards for sustainable construction is the U.S. Green
Building Council (USGBC), a nonprofit established in 1993 to promote

30. U.S. Environmental Protection Agency. ENERGY STAR new homes. www.energystar.gov/

index.cfm?c¼new_homes.hm_index.

31. U.S. Environmental Protection Agency. (2006). 2006 annual report: ENERGY STAR and other

climate protection partnerships. www.epa.gov/cpd/annualreports/annualreports.htm.
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sustainability in building design, construction, and operation. The USGBC is
known for its Leadership in Energy and Environmental Design (LEED) third-
party rating system, which awards points to residential and commercial
construction development to achieve a certification level of certified, silver,
gold, or platinum. There are now LEED rating systems available for new
construction; existing buildings; commercial interiors; core and shell redesign
projects; schools, retail, and health care; and the most recent addition of LEED
for neighborhood development.

Does green building integrate ZNE principles and practices? Under the
revised LEED 2009 (Version 3) certification system, there are seven areas in
which buildings and construction projects can receive credits, including one
section titled “Energy and Atmosphere,” which mandates fundamental
refrigerant management and fundamental building commissioning evalua-
tions (Figure 5).32

Additional points are awarded for on-site renewables, optimization of
energy performance, and purchase of green power credits. However, green
building certifications such as LEED do not require a building to have net
zero energy use, only to reduce energy use to a level below the minimum
required by law.33 The risk is that designers may be tempted to achieve only
the minimum energy savings necessary or implement strategies inappro-
priate for a project or site to garner LEED credits. LEED-certified buildings
do generally use resources more efficiently than conventional buildings that
are simply constructed to comply with the minimum required by local or
state building code. Yet lifetime building performance of “green” buildings
may not actually result in overall energy savings compared to a standard
building.

FIGURE 5 LEED Energy Credits Emphasize Demand-Side Solutions. From: LEED 2009 for

New Construction and Major Renovations. U.S. Green Building Council.

32. U.S. Green Building Council. LEED for new construction. www.usgbc.org/DisplayPage.aspx?

CMSPageID¼220.

33. U.S. Green Building Council. LEED for new construction. www.usgbc.org/DisplayPage.aspx?

CMSPageID¼220.
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Green building practices consider the entire building envelope including
semiheated spaces, lighting, HVAC systems, and electrical systems. The LEED
rating system does require meeting the requirements of ASHRAE 90.1-2004,
with extra points given for exceeding these requirements. It can cost signifi-
cantly more up front to build “green,” but often home developers choose to
pursue LEED certification to market a project as more sustainable and therefore
be able to charge a price premium for those homes.

Although green buildings strive to achieve energy efficiency and other
sustainability measures, ZNE buildings take the crucial further step of
eliminating the need to be connected to an energy grid as well as the need
to consume a nonrenewable resource. Today’s green buildings standards
may provide a useful bridge to a future where ZNE buildings become the
norm, and technologies developed for green buildings such as program-
mable thermostats and design elements may be easily adapted to ZNE
buildings as well.

3.3. Green Building Home Case Studies

Green buildings, while not ZNEs, are designed to use energy more effi-
ciently and may be able to be modified to use less energy still as technology
improves. The green building program in Austin is highlighted here to
exemplify how citywide programs can influence construction practices.
Many cities and communities throughout the U.S. and internationally34 now
have successful green building campaigns or policies in place, though we
also examine case studies in areas that do not benefit from formal
initiatives.

3.3.1. Austin, Texas

Austin, one of the fastest-growing cities in the U.S., is home to perhaps the
oldest and largest green building program in the U.S. The city launched
ambitious energy conservation programs in the 1980s in hopes of “building
a conservation power plant”dthat is, a demand-side resource which could
displace the city-owned utility’s next baseload capacity addition. In 1990,
the city began to transition its new home construction energy conservation
program into a holistic green building rating system, which promotes water
conservation, minimization of construction waste, recycling, improvements
in indoor air quality, and efficient building operation in addition to energy
conservation. This market transformation program provides technical
support to homeowners, architects, designers, and builders in the design and
construction of sustainable homes and buildings. Rating tools with up to 130

34. This book’s Chapter 16 by Stulz et al., for example, describes similar initiatives in Switzerland.
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green building specifications have been developed for single-family and
multifamily homes, as well as commercial buildings in this hot and humid
climate.35

Since 1991 Austin Energy’s Green Building Program has rated more than
7000 single family homes, 60 commercial buildings comprising more than
3 million square feet of space, and 57 multifamily projects containing 8,81
units.36 In 2008 alone, 1022 single-family homes and 1611 multifamily homes
participated in Austin’s program, resulting in an estimated 19 MW of demand
reduction and 47,200 MWh of energy savings.37 A home receiving the pro-
gram’s highest rating is expected to consume less than half of the consumption
of an average home in Austin.38

As noted in this book’s Chapter 18 by Jennifer Clymer, Austin’s green
building program has become part of a larger Climate Protection Plan with the
goal of making Austin the leading city in the U.S. in the fight against global
warming. The broader objectives are to make all new homes built in Austin
“zero energy capable” by 2015, to make all nonresidential buildings 75% more
energy efficient by 2015, to require energy audits and efficiency improvements
on existing homes and buildings, and to develop carbon neutral ratings for
homes and buildings.39

The City of Austin also leads the U.S. on zero energy homes.40 In 2007,
Austin’s Zero Energy Capable Homes Task Force, created by the City Council,
set forth an action plan. The task force was particularly successful because of its
public-private partnership in code development, and members included
a variety of stakeholders. The City of Austin’s Energy Code amendments
include improvements to the building shell to ensure that homes are built
tightly, testing air-conditioning ducts to ensure they do not leak more than 10%,
testing the air flow of air-conditioners to ensure cool air goes where intended to
go, requiring a Radiant Barrier System to stop radiant heat before it penetrates
the home, and requiring that 25% of home lighting be high-efficiency
lighting.41

35. Clinton Climate Initiative. (Undated). Austin’s green building program facilitates the

construction of sustainable buildings.

36. Clinton Climate Initiative. (Undated). Austin’s green building program facilitates the

construction of sustainable buildings.

37. Richard Morgan. (Undated). Green building in Austin, TX, presentation.

38. Richard MacMath. (2007). Austin energy green building program. SA06 Austin Energy’s Zero

Energy Home Design Competition, presentation (May 5).

39. Richard Morgan. (Undated). Green building in Austin, TX, presentation.

40. City of Austin. (2010). Austin leads the nation on zero energy homes. City of Austin

press release. http://www.austinenergy.com/About%20Us/Newsroom/Press%20Releases/2010/

zeroEnergy.htm.

41. Ibid.
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3.3.2. Other Notable Green Building Initiatives

Within the U.S., a number of other communities have launched notable green
building initiatives, including a variety of local programs in California;42

Atlanta, Georgia;43 Scottsdale, Arizona;44 Portland, Oregon;45 and Boulder,
Colorado.46 In Europe, many green buildings use far less energy than green
buildings in the U.S. with comparable certifications.47 Key standards and
assessment programs in Europe include Passivhaus in Germany and Minergie
in Switzerland.48 These European programs rely on an integrated design
process with the architectural design, which results in ultra-low energy use
buildings which rely on passive heating and cooling.49

3.4. Zero Net Energy Efficiency Buildings

ZNE efficient buildings are those that either do not draw any power from the
energy griddnet zero site energy usedor contribute enough back to the grid
through on-site power generation over the course of a year that they end up with
a net zero energy use balancednet zero source energy use.50 ZNE buildings
provide numerous benefits, including a reduced total net monthly cost of living
for occupying building space, insulation from future energy price increases,
and higher home or building resale value.

In general, it is easier to save energy than produce energy. Consequently
ZNE buildings tend to focus primarily on energy efficiency, and then use
renewable energy sources available on-site as much as possible, as further
described in this book’s Chapter 17 by Rajkovich et al.

A major difficulty in quantifying energy savings and net zero potential is
whether or not energy is achieved on-site through conservation, off-site through
credits, or at the source through generation. A mix of all three strategies seems
ideal for cost-saving and building with future innovation in energy efficient

42. Build it green, directory of GreenPoint rated ordinances in California. www.builditgreen.org/

find-greenpoint-rated-ordinance.

43. Southface Institute. www.earthcrafthouse.com/About/newhomes.htm.

44. See: www.scottsdaleaz.gov/greenbuilding.

45. See: www.sustainableportland.org/bps/index.cfm?c¼41481.

46. See: www.bouldercolorado.gov/index.php?option¼com_content&;task¼view&id¼208&Ite

mid¼489.

47. Yudelson, Jerry. (2009). Green Building Trends: Europe. Island Press.

48. Passive House Institute. www.passivhaustagung.de/Passive_House_E/passivehouse_definition.

html.

49. Minergie. www.minergie.com/home_en.html.

50. Torcellini et al. (2006). Zero energy buildings: A critical look at the definition. National Energy

Renewable Laboratory (NREL). www.nrel.gov/docs/fy06osti/39833.pdf
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technologies in mind. In zero energy building projects, on-site energy sources
involve the use of solar panels, while energy conservation measures often
include passive solar building design techniques. Geothermal heating and
cooling systems using the earth as a heat sink can also provide energy efficiency
as well as hot water by-products, reducing the need for heating additional water
for daily use. Additionally, economies of scale exist for entire neighborhoods or
larger communities to meet ZNE targets in aggregate, rather than merely as
individual units within the community.

Wind resources are usually limited because of structural and noise
challenges and distance from an optimal wind corridor location, though
some may be placed within a project’s boundary, such as in an adjacent
parking lot, and still be considered as part of the on-site energy generation.
Energy conversion devices such as daylighting or combined heat and power
devices cannot be considered on-site production, but are instead efficiency
measures.51

Renewable sources imported to the sitedsuch as wood pellets, ethanol, or
biodieseldare not technically on-site renewable but may be useful in
reducing embedded energy present in a structure.52 Older housing stock and
older commercial buildings will not lend themselves to ZNE consumption and
zero carbon emissions annually, which is why most plans for net zero
construction aim to improve code for new buildings. A last option for supply-
side renewable energy sources would be for the homeowner or building
manager to purchase “green credits” for renewable sources such as wind
power or utility PV systems that are available to the electrical griddoff-site of
the zero energy building.

The City of Austin has a plan to require all construction to be zero energy
compliant by 2015. This goal may not be met by 2015, but having a standard
such as this for designers and construction managers to strive for is a major
component in reducing energy costs, and at the very least helping homeowners
and other building occupants to consider energy conservation an important part
of energy efficient design.

President Barack Obama signed an executive order in October 2009 that
mandated that federal buildings and agencies must meet certain sustainability
targets, including “implementation of the 2030 net-zero-energy building
requirement.”53 These goals were inspired by Architecture 2030’s “2030
Challenge” goals, which are set by the nonprofit and endorsed by the

51. Kaplan, Siena. (2008). Building an energy efficient America: Zero energy and high efficiency

buildings. Environment American Research & Policy Center. www.environmentamerica.org/

uploads/kx/Im/kxImeu7IZctnMBnd2AZJQg/AME-efficiency.v6.pdf.

52. Ibid.

53. The White House. (2009). Federal leadership in environmental, energy, and economic perfor-

mance. Executive Order (October 5). www.whitehouse.gov/assets/documents/2009fedleader_

eo_rel.pdf.
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American Institute of Architects. The 2030 Challenge goals will attempt
a dramatic reduction in GHG emissions by changing all aspects of the
building process from planning and design to construction.54 The state of
California has proposed that all new homes be ZNE by 2020 and commercial
buildings by 2030, as further described in this book’s Chapter 17 by Rajko-
vich et al. The California Energy Commission has recommended that Title 24,
the energy efficiency section of California’s building codes, be revised to
include the ZNE goal.55 This goal could be met through on-site clean
distributed generation, energy efficient design, and “no net purchases from the
energy or gas grid.”

Research into ZNE building is currently being supported by the U.S.
Department of Energy (DOE) Building America Program, which forms
research partnerships with residential building industry members, with
a goal of reducing the energy use of housing by 40e100%.56 The World
Business Council for Sustainable Development (WBCSD) supports zero
energy building activities and aims for buildings to “reduce demand by
design, be highly efficient and generate at least as much energy as they
consume.” 57

Similarly, the Canadian Net-Zero Energy Home (NZEH) Coalition formed
in 2004 to promote a ZNE home initiative which has now been folded into the
Canada Mortgage and Housing Corporation’s Equilibrium Sustainable
Housing Demonstration Initiative.58 Its vision is for all new home construc-
tion to meet a ZNE home standard by 2030; however, net-zero is not
mandatory in Canada. In the United Kingdom, the Code for Sustainable
Homes produced by Communities and Local Government mandates that
homes must be built to “Level 6” standards by 2016. The zero-carbon Level 6
is the highest level awarded and involves the use of solar panels, biofuel
boilers, or wind turbines that replace entirely the energy taken from the
national grid.59

54. Architecture 2030. The 2030 challenge. www.architecture2030.org/2030_challenge/index.html.

The 2030 Challenge has now been formally adopted by the U.S. Conference of Mayors; the states

of New Mexico, Washington, Illinois, and Minnesota; the National Governors Association; the

National Association of Counties; and the cities of Santa Fe, New Mexico, Richmond, Virginia,

and Santa Barbara, California.

55. California Energy Commission. (2007). 2007 integrated energy policy report. www.energy.ca.

gov/2007_energypolicy/index.html.

56. U.S. Department of Energy. Building technologies program. www1.eere.energy.gov/buildings/

building_america.

57. World Business Council for Sustainable Development. www.wbcsd.org/templates/

TemplateWBCSD5/layout.asp?MenuID¼1.

58. Net Zero Energy Home Coalition. www.netzeroenergyhome.ca/.

59. Communities and Local Government. Code for sustainable homes. www.planningportal.gov.

uk/uploads/code_for_sust_homes.pdf.
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3.5. Zero Energy Home Case Studies

In this section, we highlight a number of initiatives, with a focus on efforts in
North America in light of our greater familiarity with activities in that region.
The Masdar City Initiative is covered in this book’s Chapter 19, by Sovacool.
This project in Abu Dhabi is interesting for its proposed use of only zero-energy
homes powered entirely by solar power and other forms of renewable energy.60

Table 1 provides a summary of case studies comparing best practices, unique
solutions, and kWh saved (where known).

3.5.1. Austin, Texas

Austin has become a leader as well for affordability in design of zero-energy
homes with its Solutions Oriented Living (SOL) development, designed by
architecture firm KRDB. SOL is a 5.5 acre, mixed-income development of
40 homes in East Austin that aims for its homes to generate as much energy
as they draw from the grid.61 Net zero capability will be accomplished
through passive design including passive ventilation and daylighting, ther-
mally efficient windows, structurally insulated panels for a framing system,
modular construction, geothermal heating and cooling systems to achieve
a seasonal energy efficiency rating of 27, and PV panels in arrays of three to
six kilowatts, depending on house size.62 SOL was able to design this
development with a mixture of affordable and market-rate homes. SOL
completed three homes in October 2009, with two other homes under
construction.63

3.5.2. Houston, Texas

The concept of green communities is in use at Discovery at Spring Trails,
which claims to be “Houston’s first solar-powered hybrid community.”64 The
developer, Land Tejas, has partnered with General Electric and Masco in
developing construction standards and a suite of residential technologies and
appliances into the GE Masco “Ecomagination”� builder program. This
project uses renewable energy savings from solar power and whole-home
energy efficiencies65 to guarantee that energy bills will be lower than compa-
rably sized ENERGY STAR homes.66 All homes use solar power: “green” and

60. Masdar City. www.masdarcity.ae/en/index.aspx.

61. Solutions Oriented Living. www.solaustin.com/.

62. Ibid.

63. SOL Austin blog. www.solaustin.com/blog/?m¼200910.

64. Discovery at Spring Trails. http://discoveryatspringtrails.com.

65. Allison Wollam. (2008). GE to light up Land Tejas development. Houston Business Journal.

(18 January 2008). www.bizjournals.com/houston/stories/2008/01/14/daily43.html.

66. Discovery at Spring Trailsddo the math. http://discoveryatspringtrails.com/technology-2.
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TABLE 1 Case Study Highlights

City Development Name Best Practice

kWh Saved (if known) and/or

Photovoltaic (PV) Generation Capacity

Austin, Texas SOL (40 homes designed by
KRDB)

l passive ventilation and daylighting
l thermally efficient windows
l structurally insulated panels for framing

system
l modular construction

l 3-6 kW solar arrays on each house1

Houston, Texas Discovery at Spring Trails (by
Land Tejas and General
Electric)

l wall-mounted home touchscreen to
control energy efficiency technology

unknown2

Boulder, Colorado Solar Village Prospect (16
lofts built by All American
Homes)

l passive solar design
l icynene foam

l 2.5 kW solar arrays
l savings of 67,400 kWh per year (accord-

ing to design team)3

Chicago, Illinois EcoPower Project (100
homes planned, 7
constructed; designed by
Environmental Resource
Trust, Inc.)

l use of residential energy credits (RECs)
to make low-income housing more
affordable

l met goal of 75%-ZEH (33% of that met
with solar power)4

Sacramento, California Premier Gardens (95 homes
by Premier Homes)

l tankless water heater
l 25year limitedwarrantyon solar panels
l spectrally selective glass

l 2 kW AC solar electric home power5

2
4
8

P
A
R
T
|

II
Tech

n
o
lo
gical

Fixes



TABLE 1 Case Study Highlightsdcont’d

City Development Name Best Practice

kWh Saved (if known) and/or

Photovoltaic (PV) Generation Capacity

Berkeley, California SolarMap, Solar Cities
designation

l SmartSolar program with free energy
consulting

l Solar America City (by DOE) designa-
tion provides financial assistance

l 142 kW of PV systems for residential
developments6

Freiburg, Germany Solar Settlement (designed by
Rolf Disch)

l “PlusEnergy” concept e buildings
produce a positive energy balance

l homes use 10-15 kWh
l homes produce 3-12 kWh

1Solutions Oriented Living. Homepage. Online. Available: http://www.solaustin.com/. Accessed April 21, 2009.
2Discovery at Spring Trails. Home. Online. http://discoveryatspringtrails.com.
3Solar Village Prospect. Online. Available: http://www.solarvillagehomes.com/multi_family/prospect/index.php.
4Environmental Resources Trust, Inc. Final Report of the Zero Energy Homes for Chicago EcoPower Project. Dec. 2005. Online. http://www.carbonfund.org/Documents/

ERT%20Final%20Report.pdf.
5Case Study: Premier Homes e Premier Gardens. Online. Available: http://www.bira.ws/projects/files/BA_Solar_CS_Premier.pdf.
6Solar America Cities - Berkeley. Online. Available: http://www.solaramericacities.energy.gov/cities/berkeley/.

2
4
9

C
h
ap

ter
|

9
G
ettin

g
to

Z
ero

:
G
reen

B
u
ild

in
g
an

d
N
et

Z
ero

En
ergy

H
o
m
es



“deep green” homes will have a minimum of 1 kW and 3 kW PV generation
capacity, respectively. Deep green homes will also be equipped with battery
storage capable of discharging for several hours at 2 kW, and electric vehicle
charging stationsdresidents of these homes will have access to some form of
electric vehicle. The first homes being built in the Discovery at Spring Trails
community will be equipped with a wall-mounted, touchscreen GE Energy
Monitoring Dashboard to monitor residential energy and water use. Future
homes may be equipped with future generations of the GE dashboard or other
devices, which will likely include energy management functionalities such as
the ability to shut off or reduce the energy usage of home appliances in response
to a price signal.67

Discovery at Spring Trails will also offer some interesting energy features
at the community level. A PV farm will have 500 kW of generation capacity.
It will provide power to the community’s water treatment plant, and will also be
connected to a 250 kW battery and an electric vehicle charging station. At this
location, a supervisory control and data acquisition (SCADA) system will
coordinate solar generation, battery charging/discharging, and charging of
electric vehicles.

3.5.3. Boulder, Colorado

Solar Village Homes are considered “near zero” homes. While not entirely
self-sustaining, this project has features that may be replicable for ZNEs
elsewhere. The Solar Village Zero is the first of a line of homes ranging in
size from 1100 to 2457 square feet.68 Energy efficient features include
passive solar design, icynene foam insulation to minimize conductive and
convective air movement, fiberglass windows, as well as solar hot water and
2.5 kW of solar panels on the roof. These homes are built using modular
construction by All American Homes, which recycles virtually all its
construction materials at the factory, thereby reducing embedded energy
needed to produce new materials. Furthermore, Solar Village Prospect is
a “village” concept with 16 condos and lofts as well as retail and dining, and
was named the 2006 Exemplary Solar Building of the Year.69 Optimum solar
orientation is also achieved so that panels face true south. Based on
modeling using DOE-2 software, the design team estimates that these
condominiums will save 67,400 kilowatt-hours (kWh) per year of
electricity.70

67. Chapter 10 by Ehrhardt-Martinez et al. covers similar beyond-the-meter initiatives.

68. Solar Village Homes. www.solarvillagehomes.com/about/index.php.

69. Solar Village Prospect. www.solarvillagehomes.com/multi_family/prospect/index.php.

70. 2006 Colorado Renewable Energy in Buildings Awards. Colorado Renewable Energy Society.

www.cres-energy.org/reba_2006_svp.html.
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3.5.4. Chicago, Illinois

The Zero Energy Homes for Chicago’s “EcoPower” Project were designed by
Environmental Resource Trust, Inc. (ERT), to utilize renewable energy
certificates (RECs) as a mechanism for making low-income housing more
affordable by employing them as residential solar generation stations. The
original proposal was for 100 solar homes to be built in Chicago’s west side, but
only seven homes were recently constructed.71 The overall goal of the Zero
Energy Solar Home was to exceed the USDOE minimum standard for Zero
Energy Homes (minimum is ZEH-50%). ERT had a goal set of ZEH-75%, and
achieved 67% of that goal with energy efficiency and 33% of it with solar
power. As shown in Figure 6, the idea is to increase reliance on renewable
supply as a home approaches true Zero Energy compared to standard design.

3.5.5 Sacramento, California

Premier Gardens is a 95-home zero-energy community certified by Sacramento
Municipal Utility District (SMUD) as a Solar Advantage Home and an
Advantage Home, exceeding California Title 24’s energy cooling requirements
by 50%.72 Additionally, these homes have a 2 kWAC solar electric home power
system, a 6.5 gallon-per-minute tankless water heater, a mechanically designed
heating and air-conditioning system, spectrally selective glass windows, and
tightly sealed air ducts. ConSol, a U.S. Department of Energy Building
America Team Partner, estimates that homeowners in Premier Gardens would
pay $600 less annually on their energy bills than homeowners in U.S. standard

FIGURE 6 Chicago EcoPower Zero Energy Homes Goal. From: Environmental Resources Trust,

Inc. Final Report of the Zero Energy Homes for Chicago EcoPower Project. Dec. 2005.

71. Environmental Resources Trust, Inc. (2005). Final report of the zero energy homes for Chicago

EcoPower project. www.carbonfund.org/Documents/ERT%20Final%20Report.pdf.

72. U.S. Department of Energy. Premier Gardens: Moving toward zero energy homes. www.consol.

ws/files/Premier_Gardens.pdf.
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construction homes and $400 less annually than those in U.S. ENERGY STAR
homes (Figure 7). As shown, almost zero dollars of the ZNE annual bill are
spent on space cooling.

3.5.6. Berkeley, California

The U.S. EPA has an online five-step toolkit for communities seeking to
reduce their environmental footprint.73 This program consists of a Commu-
nity Assessment, Trends Analysis, Vision Statement, Sustainable Action
Plans, and Implementation. The most useful section for communities is
likely to be the Sustainable Action Plans section, which provides case
studies from Berkeley’s city planning recommendations for improving
citywide sustainability. Berkeley is of note particularly because of its Solar
Map, an interactive tool for viewing the locations of existing solar instal-
lations in Berkeley and calculating the benefits of solar power. The Smart-
Solar program also provides free solar energy consulting services to
residents and businesses.74
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FIGURE 7 Annual Energy Bill Comparison Between Typical New Home, Energy Star Home,

and Premier Gardens/Zero Energy Home (ZEH). From: Building American Best Practices Series.

U.S. Dept. of Energy Research Toward Zero Energy Homes.*

*Case Study: Premier Homes e Premier Gardens. Online. Available: http://www.bira.ws/projects/

files/BA_Solar_CS_Premier.pdf.

73. U.S. Environmental Protection Agency. Green communities. www.epa.gov/greenkit/index.htm.

74. City of Berkeley. SmartSolar program. Energy and sustainable development. www.ci.berkeley.

ca.us/ContentDisplay.aspx?id¼37808.
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The Berkeley Climate Action Plan was adopted in 2009, and the Building
Energy Use chapter plans to improve energy efficiency in all buildings but
also recommends achieving ZNE performance buildings for all new
construction by 2020.75 Berkeley is one of 25 U.S. cities to be designated by
the DOE as a Solar America City, meaning that the DOE will provide
financial and technical assistance to accelerate the adoption of solar tech-
nologies.76 As the first phase of this partnership, Berkeley will develop and
implement a pilot turnkey program to install 142 kW of PV systems and 10
solar hot water and solar air-heating systems in the residential building
sector.77

3.5.7. Freiburg, Germany

The Solar Settlement in Vauban outside of Freiburg, Germany, is an interesting
concept. This housing community is the first in the world where all buildings
produce a positive energy balance, known as “PlusEnergy.” These Pluse-
nergiehaus� buildings were built between 2000 and 2005 and use only
10e15 kWh/m2, a tenth of the energy requirement of a conventional house,
while possessing solar panels capable of producing 3e12 kW.78 This solar
energy surplus is sold back into the citywide energy grid. Freiburg’s ability to
produce buildings capable of positive energy balance while still maintaining
a high “developed world” standard of living should be of note to other
regions seeking to reduce energy dependence. Additionally, the City of
Freiburg, Germany, instituted a 15 kWh per sq meter ordinance, as mentioned
in the previous case study section. An energy use “diet” of this type, which
drastically reduces the amount of energy the average residential user
consumes, would be achievable in other developed countries as well. Energy
efficiency measures are needed as well as behavior modifications, such as
using passive cooling and setting the thermostat higher in summer instead of
turning on air-conditioning, or simple habitual changes such as turning lights
off when not in use.

3.5.8. Quantifying Benefits of Zero Net Energy

ZNE buildings attempt to be more energy efficient than standard buildings
or even regular “green” buildings. However, zero energy efficiency projects
can only be said to be zero emissions post-construction, because obtaining

75. City of Berkeley. Climate action plan. http://www.ci.berkeley.ca.us/uploadedFiles/Planning_

and_Development/Level_3_-_Energy_and_Sustainable_Development/Berkeley%20Climate%20

Action%20Plan.pdf.

76. Solar America Cities. www.solaramericacities.energy.gov/.

77. Solar America CitiesdBerkeley. www.solaramericacities.energy.gov/cities/berkeley/.

78. Energy Consumption. PlusEnergieHaus. Rolf Disch, architect. http://www.plusenergiehaus.de/

index.php?p=home&pid=11&L=1&host=1#a502.
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and transporting construction materials uses nonrenewable energy. Addi-
tionally, these projects assume that any technologies used, such as PV
panels or off-site wind energy, will be available over the life of the building.
This might be particularly difficult to determine when generation facilities
are separated from the actual building, as they may be superseded by future
development.

The benefits of zero energy buildings are clearly the long-term return on
investment and reduced energy usage overall. One major remaining challenge
is making them affordable for the average homebuyer. Zero energy buildings do
cost more to build, and payback period varies largely depending on materials
used and system upgrades required. One Canadian study from 2007 found
a payback period of about 31 years for the upgrades to the entire home, all
systems included, assuming no government financial incentives or tax breaks.79

Specific technologies, such as spectrally selective glass, may have a shorter
payback period of two to three years, however.

A City of Austin task force found average annual energy savings of 2515
kWh of electricity and 4 therms of gas after implementing the following
requirements for new homes:

l Requirement for building thermal envelope testing
l Requirement for installation of a radiant barrier system
l Requirement for testing of duct system leakage
l Requirement for submittal of HVAC sizing calculations
l Requirement for testing of air balancing of HVAC systems
l Requirement for system static pressure testing
l Revision of the restriction on electric resistance water heating
l Requirement for 25% of lighting to be high efficacy80

These requirements are estimated to increase the cost of building an Austin-
area home by $1179 with a payback period of 5.2 years. The gap between the
Canadian payback period and the Austin payback period is strikingdyet the
City of Austin study includes some government financial incentives that
subsidize the true cost. Regardless, any ZNE homes need to be built to last
longer than the average building to justify additional costs.

The preceding discussion suggests that there are a variety of ways of
getting to zero or near-zero in direct residential energy consumption. The
appropriate approach depends on climate, local construction practices, the
involvement of government entities, and the creativity of home builders,
architects, and engineers. If ZNE homes were to be adopted through a U.S.

79. Humphrey Tse and Alan S. Fung. (2007). Feasibility of low-rise net zero energy homes for

Toronto. 2nd Canadian Solar Buildings Conference. http://www.solarbuildings.ca/c/sbn/file_db/

Feasibility of low rise net zero energy houses for toronto.pdf.

80. Austin Zero Energy Homes Task Force. (2007). Clean energy for Texas. www.

cleanenergyfortexas.org/austin.html.

254 PART | II Technological Fixes



national mandate for all new development, the housing stock in 2050 would
look much different than it does today. The sooner the U.S. transitions to ZNE
home building, the better for future energy use. In the year 2050, the U.S. is
projected to have about 420 million residents.81 If a national mandate was
passed in 2010 that required all new homes to be constructed to a ZNE
standard, by 2050 roughly half of the nation’s projected 150 million homes
would not be net energy consumers, and might actually even become energy
producers, adding energy back to the grid. Assuming that future homes use
about the same amount of energy as today’s homesdroughly 10,000 kWh
annuallydthis national mandate would have the effect of saving 750 billion
kWh annually or nearly a 60% kWh savings over current U.S. home energy
consumption of 1280 billion kWh.

4. WHAT WOULD IT TAKE TO TRANSFORM THE NEW
RESIDENTIAL BUILDING STOCK?

Studies consistently suggest that total energy consumption in the residential
sector in a developed nation could be cut between one-quarter and one-half
through the application of readily-available modern energy efficient technol-
ogies to the existing building stock and by promoting better building
construction practices. This section reviews various studies which have
examined the potential for efficiency improvements.

The 2009 U.S. Academy of Sciences report America’s Energy Future states
that buildings use 73% of electricity and 40% of all U.S. energy consumed and
points out that the building sector has the greatest potential for energy effi-
ciency.82 This report also found that although consumer demand is expected to
increase, using currently available or emerging efficiency technologies in
buildings could still lower energy use by 25%e30% by the year 2030 compared
to predictions reflected in the EIA reference case (Figure 8). This is a dramatic
result, namely, that future energy use can be less than it is today if the building
sector is transformed over the next decade so that new construction is vastly
more energy efficient than today’s homes.

Similarly, analyses by the IEA conclude that energy use in buildings in the
developed economies could be cost-effectively reduced by about one-half over
time relative to a baseline projection using measures that are feasible today.83

81. U.S. Census Bureau. (2002). Demographic trends in the 20th century. Census 2000 Special

Reports, CENSR-4, Table 5 (November). U.S. Census Bureau. (2004). U.S. interim projections by

age, sex, race, and Hispanic origin (November 18).

82. National Academy of Sciences and the National Academy of Engineering. (2009). America’s

energy future: Technology and transformation. http://sites.nationalacademies.org/Energy/Energy_

043338.

83. International Energy Agency. (2008). Energy efficiency requirements in building codes, energy

efficiency policies for new buildings. IEA Information Paper (p. 79).
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The IEA’s roadmap to achieving carbon dioxide (CO2) reduction targets by
2030 relies on buildings-related energy efficiency to provide a one-third
contribution toward meeting the CO2 targets, with 38% of the efficiency
savings coming from potential space heating improvements, 20% from water
heating, 10% from cooking, and over 20% from improvements in appliances
and miscellaneous end-uses.84

A widely-cited study by the consultancy firm McKinsey & Company
contends that residential energy consumption in the U.S. can be reduced by
28% from its projected value by 2020, relative to a business-as-usual
scenario.85 A meta-analysis by the American Council for the Energy Efficient
Economy (ACEEE) of the results of energy efficiency potential studies for
areas of the U.S. suggests that it is technically possible to reduce electricity
consumption by 33% and to reduce natural gas usage by 40% in the U.S.86

Assuming reasonable payback periods, the economic potentials for electricity
and gas were estimated to be 20% and 22%, respectively. Over 100 studies of
the potential for energy efficiency savings have been completed for various
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84. International Energy Agency. (2008). Towards a sustainable energy future (p. 22).

85. McKinsey & Company. (2009). Unlocking energy efficiency in the U.S. economy (July, p. 29).

86. Steven Nadel, Anna Shipley, and R. Neal Elliott. (2004). The technical, cconomic, and

achievable potential for energy efficiency in the USda meta analysis of recent studies. In 2004

ACEEE Summer Study on Energy Efficiency in Buildings.
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utility service areas or states and provinces in North America by consulting
firms and advocacy groups.87 Regardless of the region studied or its climate, the
resulting estimates of savings potential are remarkably similar. Table 2 lists the
types of efficiency measures typically considered in these studies for
a Southern U.S. climate.

Impact evaluations of the green building programs and ZNE communities
reviewed earlier in this chapterdwhile limited in scaledprovide some support

TABLE 2 Types of Residential Measures (Existing Technologies) Commonly

Evaluated

Category or End Use Market/Measures

Thermal Efficiency and Comfort l Air infiltration reduction
l Attic ventilation and vapor barriers
l Ceiling insulation to R-38 for houses and R-26 for

mobile homes
l Duct sealing and insulation
l ENERGY STAR� windows
l Floor insulation for mobile homes and pier and

beam foundations
l Solar screens and film on existing windows
l Reflective roofs
l Wall insulation
l Radiant barrier

High Efficiency Cooling l High efficiency air conditioning
l High efficiency heat pump
l Ground source heat pump

Electric Water Heating,
ENERGY STAR� Appliances,
and Efficient Lighting

l Clothes washer
l Dishwasher
l Refrigerator
l Room air conditioner
l High efficiency electric water heater
l Tankless water heaters
l Water heater insulation and pipe wrap
l Low-flow showerheads and faucet aerators
l Compact fluorescent light bulbs

Green Building l Residential new construction and remodeling
promoting sustainability and energy efficiency

Source: Prepared by the authors for this chapter from various sources.

87. One of the earlier studies was Alan Meier, Janice Wright, and Arthur Resenfeld. (1983).

Supplying energy through greater efficiency. University of California Press.
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for these claims. For example, Austin Energy has found that a new green
building home which receives a 5-Star ratingdthe highest rating awarded in
their programdwill consume about one-half as much energy as a typical
existing home in Austin, Texas. Requiring such ambitious standards would
result in savings for the average consumer over their home’s lifespan.

Trade organizations may lead the way in developing better construction
standards where federal and statewide measures do not exist. The American
Society for Heating, Refrigeration, and Air-Conditioning Engineers (ASH-
RAE) Standard 90.1 e Energy Standard for Buildings Except Low-Rise
Residential Buildings is the benchmark for building energy performance. The
Illuminating Engineering Society of North America (IESNA) is a joint sponsor
of this standard. However, this standard is not legally enforceable, and does not
cover energy efficiency in single family home construction. In 2008, the U.S.
Department of Energy determined that requiring 90.1-2004 would generate site
energy savings of about 12%, and recognized 90.1-2004 as the new national
energy standard effective two years later in 2010.88 However, not all states have
a commercial energy building policy in place, much less a residential energy
building policy.

Indeed, impressive gains have been achieved in many end-uses and tech-
nologies in recent years, and adoption of the more-efficient commercially-
available technologies can result in energy savings. Lighting provides some
obvious examples.89 Compact fluorescent bulbs use one-quarter of the energy
of incandescent bulbs for the same lumen output. LED bulbs provide further
savings. Refrigerators provide another example. In 1979, the average new
refrigerator in the U.S. consumed over 1300 kWh per year.90 Federal efficiency
standards enacted in 1990, 1993, and 2001 required energy use in medium-
sized refrigerators to be reduced to 900 kWh, 700 kWh, and 500 kWh,
respectively. Today’s federal standard of 500 kWh is the same level of energy
consumption used by refrigerators in the 1950s, prior to design changes
designed to improve their storage capacity, reduce condensation, add ice-
making features, and include automatic defrost capability.91

Recognition of interactive effects among efficiency measures and oppor-
tunities to better match sources and uses of heat within a home may illuminate
new savings opportunities. Obviously, improvements in the thermal integrity of
building shells through greater insulation, air leakage reduction, reflective

88. Department of Energy. (2008). Federal Register: FR Doc E8-30975, 73(250). www.

thefederalregister.com/d.p/2008-12-30-E8-30975.

89. See Lamp History in the Nutshell, at: www.lampreview.net/.

90. Average calculated from D&R Database of Refrigerator Energy Use as described in U.S.

Department of Energy (2009). Refrigerator Market Profile. Available at: http://www.energystar.

gov/ia/partners/manuf_res/downloads/Refrigerator_Market_Profile_2009.pdf.

91. See: EcoMall, The new wave of energy efficient refrigerators, at www.ecomall.com/

greenshopping/icebox2.htm.
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roofs, thicker walls, passive solar design, and improved windows affects space
heating and air-conditioning needs. Building energy use simulation models are
typically used to quantify these effects. But further efficiencies may be gained
when equipment works as a system. A geothermal heat pump may be used to
heat water in addition to providing space heating and air-conditioning. Heat
exhausted from a clothes dryer may be used for space heating. Deciduous trees
may offer shade during summer afternoons, thereby reducing air-conditioning
loads, while permitting warming heat during winters.

If the application of existing commercially-available technologies can
cost-effectively yield reductions of between one-quarter and one-half of
contemporary household energy usage in a modern society, why do such
opportunities remain untapped? Part of the answer is that many of the tradi-
tional barriers to energy efficiency must be overcome. Technologies must
advance further. Home design and construction practices must improve.
Government policies can play a prominent role. Improved energy pricing and
consumer information can contribute. For many consumers, lifestyles will be
affected. To bring net energy consumption down to negligible levels, it is
likely that distributed renewable energy resources will be needed to fill the
remaining gap. The following section discusses the potential contribution that
each of these factors may play.

5. WHAT ELSE NEEDS TO HAPPEN?

Our review of energy efficiency potential studies suggests that energy usage in
the household can be reduced by one-quarter to one-half using existing
commercially-available technologies and practices. The combination of effi-
cient neighborhood design, thermally-efficient building construction, and the
use of high efficiency appliances and equipment can reduce household energy
use considerably. Energy use can be reduced significantly through proper
building design and construction. Provided we permit PV systems and other
types of on-site renewable energy generation to fill the gap, the goal of
negligible net energy consumption is achievable in a technical sense. But can
the few isolated case studies described in this chapter become the predominant
technologies and practices of tomorrow? In this section, we identify some key
impediments, and discuss how advances in technology, government policies,
utility programs, better information, and changes in consumer behavior could
assist in overcoming the impediments. There is hope for the residential building
sector as key players recognize the cost savings from more energy efficient
homes.

We face some enormous challenges in establishing these practices and
technologies as the norm. Key barriers include:

l Initial cost. The most efficient technologies generally require premium
initial costs to consumers. The on-site renewable energy generation needed
to reduce net consumption down to negligible levels is presently more
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expensive than the purchase of power from utility grids. The extra cost
could be financed with longer term mortgages or mortgages that give a pref-
erential rate to more efficient homes.

l Longevity of the building stock. Today’s energy-inefficient building stock
will continue to provide shelter for many years into the future. Retrofitting
the existing building stock involves significant additional costs and chal-
lenges, and therefore the focus of ZNE efforts should be on new homes.
Older homes will be eventually phased out or the cost of retrofits will be
seen as necessary.

l Credible information. Presently, consumers have scarce, and often
misleading, information about the energy-related consequences of their
purchase and operation decisions with respect to homes and appliances.
For more information about labeling buildings for energy efficiency, see
this book’s Chapter 8 by Long et al.

Additionally, a long list of other barriers have been reported, including
a divergence of financial interests between landlords and tenants, homebuilders
and homeowners, and other “principaleagent” problems;92 a lack of product or
service availability; and a lack of financing to overcome first-cost hurdles.
Homeowners face tradeoffs between cost, convenience, traditional design
features, and green features. Further, the presence of building codes and
homeowners’ associations tend to restrict innovation. Inefficiency must be
banned somehow, whether it’s by building code or federal government
mandate, for retrofits to make sense and new homes to be built more efficient
from the design stage onwards.

These impediments may be difficult to overcome, though numerous areas
for progress exist. Federal and other incentives can reduce the payback period
for homeowners to implement energy efficient technologies. Given the recent
focus on reducing energy consumption, there are some important new tech-
nologies being developed in research laboratories or just reaching commer-
cialization today. The amount of hot water required by washing machines, for
example, may be nearly eliminated through the use of nylon beads93 or ozone.94

LED household lighting continues to improve. Energy efficiency improvements
in new dwellings are being achieved by returning to some older technologies
such as earth sheltered underground homes, straw bale homes, and adobe
homes as well as through the application of new technologies including
spectrally-selective low-emissivity windows, radiant barriers, window shades
that respond to the need for more or less exterior light inside the dwelling, and
modern heat pumps.

92. American Council for an Energy-Efficient Economy. (2007). Quantifying the effects of market

failures in the end-use of energy. Final draft report to the International Energy Agency.

93. Washing without water. (2009). The Economist, Sept. 5e11, p. 12e14.

94. See http://web-japan.org/trends/science/sci060313.html.
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Government policies establishing building codes, minimum appliance
efficiency levels, and tax policies to encourage energy conservation have had
an impact on residential energy use in recent decades.95 Given the number and
diversity of policy experiments, we now have a decent appreciation of what
worksdfor example, carefully-designed appliance efficiency standards,
building codes, labeling programs, and some educational messagesdand
what doesn’t workdmandating specific technologies and certain market-
distorting subsidies, for example. A noteworthy example of a progressive
government policy at the federal level is the U.K. Sustainable Communities
Act of 2007.96

Green taxes and higher energy prices can get us part of the way there. This
strategy has been taken most seriously in Denmark, where a variety of
products and services that adversely affect the environment are heavily taxed.
In Denmark, green taxes account for 5% of overall GDP, 50% of the price of
electricity, and 44% of the price of natural gas.97 These taxes have been
credited with spurring the development of renewable energy in Denmark.98 As
noted in this book’s Chapter 4 by Meyer et al., simply reducing the subsidies
provided to conventional energy providers would move us in the right
direction.99

But the demand for energy is price-inelastic, suggesting that green taxes on
energy can have only a modest impact.100 Efficiency needs to be mandated in
every way that is cost effective and benefits the entire building sector and future
residents. The limited response of energy consumption to changes in energy
prices is in part due to its limited overall cost to consumers. The share of
disposable income spent on energy in the developed world tends to be between
2% and 3% and has generally declined since 1990.101 Thus energy costs may
not be high enough to attract the attention of many consumers in developed
economies.

While changes in the level of prices may have some impact, changes in the
structure of energy prices may have a more pronounced effect. While real-time
pricing and critical peak pricing of electricity tends to elicit a reduction in

95. For a review of country-specific policies, see Progress towards energy sustainability in OECD

countries at: www.helio-international.org/Helio/anglais/reports/oecd6.html.

96. See: www.opsi.gov.uk/acts/acts2007/ukpga_20070023_en_1.

97. IEA (2007), p. 76. See also, OECD Observer, at: www.oecdobserver.org/news/fullstory.php/

aid/497/Green_taxes.html.

98. Mikael Andersen. (1994). Green tax reform in Denmark. Environmental Politics, 3(1),

139e145.

99. IEA estimates that the 37 largest developing countries spent $557 billion in 2008 on energy

subsidies.

100. World Business Council. (Undated). Energy efficiency in building: Transforming the market

(p. 7).

101. IEA (2007), p. 74.
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consumption during high-priced periods, some overall conservation effect may
be present.

While appliance efficiency standards tend to limit consumer choices and
may raise initial appliance prices, they have proven to be an effective means of
achieving efficiency gains as witnessed by the success of refrigerator and
air-conditioner efficiency standards in North America. Proposed television
efficiency standards in California are expected to result in $8.1 billion in energy
cost savings.102 Efforts to mandate minimum fuel efficiency levels for auto-
mobiles can deliver much greater savings.

New home construction standards and building design are making a large
contribution toward energy savings. Largely as a result of building codes,
energy use in new homes in the Netherlands is about 40% of the usage level of
a home built in the 1960s.103

Greening the large existing stock of buildings is considerably more difficult
than designing and building for efficiency. Some communities have introduced
requirements that when homes change hands, they must have an audit and
certain minimum efficiency standards must be met. This has been implemented
in Austin, Texas, and Berkeley, California, to improve the energy efficiency of
the existing stock of homes. A national system for rating all residential
dwellings has been implemented in Australia to provide homebuyers with
information pertaining to the energy performance of a home, and similar
labeling requirements have been imposed in the EU.104

Utility-sponsored energy efficiency programs have also proven very
successful in promoting energy efficiency. Through a combination of aggres-
sive energy programs, building codes, and complimentary efforts, California
has succeeded in reducing per capita household energy use in recent years
without sacrificing economic growth.

Better information regarding the energy-related consequences of consumer
choices can provide a contribution. Today, it is difficult to discernwhich building
materials are more environmentally benign than others. “Greenwashing” with
unfounded or confusing claims regarding environmental benefits is common.
The direct costs of various goods and services may not accurately include
environmental costs, as noted in other chapters in this volume.

Approaches designed to provide energy consumers with greater information
regarding their in-home energy usage via energy monitors and other technol-
ogies show great promise. Past studies on real-time direct feedback devices

102. California Energy Commission. (Undated). Just the facts: The truth about proposed TV

standards. www.energy.ca.gov/appliances/TV_Standards_Facts.pdf.

103. OECD. (2002). Towards sustainable household consumption (p. 46). http://books.google.com/

books?id¼oh9Pw5fcd70C&printsec¼frontcover&source¼gbs_navlinks_s.
104. Charles Ries, Joseph Jenkins, and Oliver Wise. (2009). Improving the energy performance of

buildings: Learning from the European Union and Australia. RAND Corporation.
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have indicated potential savings from 5%e15%.105 Labeling the energy
consumption associated with appliance use can make a contribution.

While the promise of smart grid technology is probably overblown, home
automation and controls through smart grid technologies may eventually make
a significant contribution. The operation of appliances and equipment may be
optimized using in-home controls, hopefully leading to a more efficient use of
energy-intensive equipment. Time-differentiated pricing could be imple-
mented on a residential energy consumers, leading to efficiency gains.
Consumers could control and program the operation of appliances from
remote locations, as discussed in this book’s Chapter 10 by Ehrhardt-Martinez
et al.

Actual achievements in resource conservation and cost savings rely heavily
on behavioral factors. Simple behavioral changes can also help, such as
switching appliances to low-power modes when not in use, reducing the use of
space conditioning when a dwelling is not occupied via a programmable
thermostat or manual means, and scheduling clothes drying during cooler
periods of the day. Coordination among electric utilities, water utilities, and
solid waste districts to promote overall resource conservation programs is
complicated and coordination failures may result in suboptimal results.

Any success in reducing household energy cost may introduce a new
challenge. Consumers are likely to operate energy-intensive equipment more,
maintain more-comfortable thermostat settings, and neglect additional
conservation opportunities if their energy costs decline. Thus, bounce-back or
elasticity impacts must be considered.106

There has been considerable debate regardingwhether a higher standard of living
necessarily requires greater consumption of energy or electricity use, in particular.107

105. Darby, Sarah. (2006). The effectiveness of feedback on energy consumption. Environmental

Change Institute, University of Oxford; Parker, Danny, et. al. (2008). Pilot evaluation of energy

savings from residential energy demand feedback devices. Florida Solar Energy Center; Mountain,

Dean C. (2006). The impact of real-time feedback on residential electricity consumption: The

hydro one pilot. Mountain Economic Consulting and Associates, Inc.; and Mountain, Dean C.

(2007). Real-time feedback and residential electricity consumption: British Columbia and

Newfoundland and Labrador pilots. Mountain Economic Consulting and Associates, Inc.

106. Linda Baker. (2007). On the rebound. Scientific American (August).

107. See the following, for example: John Kraft and Arthur Kraft. (1978). On the relationship

between energy and GNP. Journal of Energy and Development, Spring, 540e552. Ali Akarca and

Thomas Long. (1980). On the relationship between energy and GNP: A Re-Examination. Journal

of Energy and Development, Spring, 326e331. Donald Murray and Gehunag Nan. (1992). The

energy consumption and employment relationship: A clarification. Journal of Energy and

Development, 16(1), 121e130. Milton Searle. (1986). Trends in the electricity and economic

growth relationship. Public Utilities Fortnightly, 30 October. Danilo Santini. (1994). Verification of

energy’s role as a determinant of U.S. economic activity. In John Moroney (Ed.), Advances in the

Economics of Energy and Resources, Vol. 8, pp. 159e194. Eden Yu and Jai-Young Choi. (1985).

The causal relationship between energy and GNP: An international comparison. Journal of Energy

and Development, 10(2), 249e272.
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Some studies have claimed to have uncovered a relationship. However, there
has recently been evidence of a “decoupling” between energy use and
economic prosperity.108 Many of the studies which claimed to demonstrate
that economic development could be “caused” by increases in energy
consumption have been found to have suffered from statistical problems and
deficiencies in the manner in which energy consumption was measured.109

The experience of California in recent years suggests that aggressive energy
efficiency programs can succeed in reducing per capita household energy use
without sacrificing economic growth.110 One potential model to consider is
the Swiss 2000 Watt Society, further described in this book’s Chapter 16 by
Stulz et al.

Getting those formerly unconcerned with energy usage to be receptive to
“extreme” measures such as net zero building may require a rebranding
campaign or mandatory restrictions. Individuals must decide that saving energy
is a priority for them. Although more research is certainly needed in this area,
long-term or permanent attitudinal shift will require a multidimensional
approach to changing attitudes and impacting behavior.111 The Metropolitan
Group, a Washington, D.C.-based social change agency, endorses a five-phase
approach to building public will: 1) framing the problem; 2) building aware-
ness; 3) becoming knowledgeable/transmitting information; 4) creating
a personal conviction; and 5) evaluating while reinforcing.112 Because the
energy efficiency behavioral change desired is on a monumental scale, it may
be necessary to win public will and approval through such a measured
approach.

In designing effective implementation strategies, we must avoid focusing on
the conservation of energy while neglecting other inputs. Energy, as an input to
living activities, is not separable from other inputs. Decisions that focus solely
on minimizing energy inputs may be economically inefficient. That is, they
may result in excessive costs for capital equipment or greater labor require-
ments. Or minimizing energy could lead to a lower level of comfort or
productivity.

108. OECD (2002), p. 45.

109. Jay Zarnikau. (1996). A re-examination of the causal relationship between energy

consumption and GDP. Journal of Energy and Development.

110. Skip Laitner. (2009). The positive economics of climate change policies, what the historical

evidence can tell us. ACEEE (p. 20).

111. Metropolitan Group. (2009). Building public will: Five-phase communication approach to

sustainable change. www.metgroup.com/assets/612_bpwarticle0209.pdf.

112. Ibid.
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6. THE BOTTOM LINE: IS IT PRACTICAL AND CANWE
AFFORD IT?

Assuming the many practical barriers to achieving energy efficiency
were successfully overcome, what might it cost to achieve zero net household
energy purchases on a widespread basis? Some analysis is offered here.

The residential sector of the U.S. is analyzed, given the authors’ familiarity
with energy efficiency opportunities in that country and the availability of energy
efficiency potential estimates. As a starting point, we adopt the conclusions of the
McKinsey report, which finds that residential energy use could be reduced by
28% by 2020 through cost-effective measures,113 and we make the assumption
that all of those efficiency measures are adopted for the sake of this hypothetical
example. These measures are cost-effective, so there is no net cost to imple-
menting them on a net present value basis. In fact, there is a net savings of $395
billion to American households. A remaining 8240 trillion BTUs would need to
bemet through some combination of efficiencymeasureswhichwere not likely to
prove cost-effective relative to a benchmark avoided cost of $13.80 per
MMBTU114 or through on-site distributed renewable energy resources (Figure 9).

PV systems would provide a feasibledin many situationsd
though costly means of bridging much of the remaining gap. If the average
home in the U.S. had a 15.6 kW115 PV system producing 1450 kWh per year
per kW of installed capacity, the energy needs of America’s residential sector
that would remain following the adoption of cost-effective energy efficiency
measures would be met. Here it is assumed that solar energy would be used to
displace natural gas and heating oil, as well as electricity purchases. The
average household would export power when the output of the solar system
exceeded on-site needs and would purchase power from the grid at other times,
but net energy purchases would be negligible. The cost of PVs is likely to
establish the cost of reaching energy efficiency goals, since this could be the
technology that fills the gap.

It is assumed that advances and economies of scale in manufacturing
would reduce the installed cost of PV systems including the cost of invertors
from the current cost of about $6116 to an average $4 per Watt over the 2010 to

113. McKinsey & Company, Unlocking Energy Efficiency in the U.S. Economy, July 2009, p. 29.

114. Presumably, this benchmark avoided cost would change if the demand for fossil fuels and

purchased electricity dropped by the magnitude envisioned in this scenario. Nonetheless, we shall

retain this value to maintain consistency with the McKinsey report.

115. The BTU value was adjusted downward by 1% to account for the need to go from natural gas

water heating (where applicable) to electric (powered with PV systems). Electric water heaters

tend to use fewer BTUs.

116. This is a median value, based on the cost of nearly all projects completed in Texas in 2009

that received a rebate from an investor-owned utility. Installed costs (including the inverter) ranged

from $4 per Watt to $13 per Watt.
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2020 period.117 Thus, the average home would invest $59,956 in a PV system.
On a national basis, this initial investment would total $6595 billion.118

Assuming a 25-year life for PV systems, a 6% discount rate, and the avoided
cost values assumed in the McKinsey report, the net present value of the
costdthat is, the initial cost of the equipment exceeds the economic value of
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117. Much more optimistic projections of the cost of photovoltaic panels are available, including

projections that solar energy shall reach “grid-parity” with the cost of electricity purchased from

utilities within three to five years in some U.S. states. See Christopher Mims. (2009). The

no-money-down solar plan. Scientific American, December, pp. 50e51.

118. To place this figure in perspective, this cost is almost ten times the size of the budget of

the Troubled Asset Relief Program (TARP) established by the U.S. government to improve the

financial health of financial institutions following the crises of 2008-2009. It is also nearly ten

times the direct cost spent by the U.S. on the war in Iraq from 2001 to 2009.
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the energy generated, since no tax credits are assumeddof the solar system
would be $45,015 per home. If the net savings from the cost-effective energy
efficiency measures were also considered, the net incremental cost to reach
ZNE would decline to $41,424 per home, which represents a 15% premium
given that the average cost of a U.S. home in 2009, including the land, was
$270,900. This premium, however, would be recovered through savings in
energy costs in as few as 5.2 years, as discussed earlier.

This scenario hints at some practical constraints. Will residential home
builders be willing to pay more initially for energy efficiency improvements
and design? Even with government subsidies, the prospect of putting costly PV
equipment on the roof of one’s house or building geothermal energy technology
into the cost of construction can seem financially daunting when the return on
investment might not be seen for 5 or 10 years. There are physical limitations
regarding the quantities of PV panels that could be placed on rooftops, in yards,
or community areas. Implementation will be site-specific because areas with
considerable cloud cover or high tree cover may not be good sites for solar
energy collection.

In the end, behavioral changes will also be needed. The physical changes
are likely to be too expensive and impractical in the short-term, the period in
which the housing stock is largely “fixed,” particularly in the existing building
stock.

Housing preferences have evolved in recent years, from a preference for
“McMansion”-style suburban homes with extra bedrooms and bathrooms to
more scaled-down versions without large garages and recreation rooms. As
energy prices increase, consumers are more likely to prefer homes they can
heat and cool cheaply. However, the existing building stock may pose
a problem as it may be cheaper to buy an older larger home with more square
footage than desired than build a new energy-efficient one. Subsidies and
standards will be needed to push toward new ZNE homes and modifications
for existing homes.

CONCLUSIONS

What would it take to reduce direct residential energy consumption to a negli-
gible, if not zero, net level? It would begin with a bold visiondbold because our
present energy use habits need to change. Achieving a ZNE goal would require
truly worldwide cooperative input: initiatives at the community and regional
level, as well as national or international energy efficiency policies.

Placing society on a path toward negligible energy use presents a set of
informational, institutional, and behavioral challenges. Present patterns of
energy resource use depend on climate, local building practices, lifestyles, and
a host of other factors. Research and development, consumer education,
training of building trade professionals and craftsmen, greater automation and
optimization of energy use through new technologies, and better price signals
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can all play a role. On-site renewable energy will likely become more
affordable over time, making this an option to fill the gap.

We have outlined some serious limitations to ZNE homes entering the
market, but a review of leading green building programs, zero home energy use
initiatives, and deep green communities suggest that it is possible to reduce net
direct energy purchases to negligible levels in new homes and communities.
Our ability to dramatically improve existing dwellings is less certain, and may
rely more on behavioral changes of those residents to actually approach “near
zero” net energy use. Lifestyles will need to change so that homeowners
downscale their energy use habits and redefine “living comfortably.” There is
evidence of a mindset shift occurring in the developed world as we become
aware of our ballooning share of the world’s consumption of natural resources.
Homebuilders are realizing that future generations may want housing that does
not consume finite resources for heating, cooling, and lighting.

Many homes are energy inefficient today, the result of decades-old building
practices being followed. Because residential homes are generally built to last,
the worst-case scenario is that housing will be built today that is both energy
inefficient and built to lastdmeaning that future owners will be stuck paying
the bill for years to come. Reducing energy use without sacrificing lifestyle or
comfort has always been the goal of the energy efficiency industry, but it is
difficult to get to negligible energy consumption without making some
sacrifices.

Our overall outlook on the ZNE building front is optimistic, because there
are signs that we are heading down the right path. Technology is catching up to
demand, demand from consumers is beginning to drive the market, and market
changes are influencing design so that once-outlandish ideas are becoming
more feasible. Switching to a new paradigm will not be simple, but the sooner
that the developed world gets on that path toward a zero-energy future, the
better.
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1. INTRODUCTION: RESIDENTIAL ENERGY CONSUMPTION
AND ENERGY INVISIBILITY

Residential buildings currently account for more than one-fifth of total energy
demand in the United States, approximately 22%, and residential energy use
is on the rise. In the past decade alone, residential energy use grew by 23%,
and projections through the year 2030 indicate another 8% increase (EIA,
2010). Much of the projected growth is expected to result from a combination
of factors, including a growing number of people and households and an
increased demand for energy services. Given the ongoing concerns over
climate change and energy security, and the need for significant improvements
in our current level of energy efficiency throughout the economy, the

1. Much of the information presented in this chapter is drawn from a much larger study:

Ehrhardt-Martinez et al. (2010). Advanced metering initiatives and residential feedback programs:

A meta-review for economy-wide electricity-saving opportunities.

Energy, Sustainability and the Environment.

Copyright � 2011 Elsevier Inc. All rights reserved. 273



continued growth in residential sector energy demand is particularly
worrisome.

In the U.S. residential sector, energy resources are used for a variety of
purposes. As shown in Figure 1, most energy resources are devoted to space
heating (25%), followed by water heating (14%), and air-conditioning (11%).
The remaining 50% is used by appliances, lighting, electronics, and other
miscellaneous devices (EIA, 2009).2 Among home appliances, refrigerators are
one of the largest users of electricity although energy consumption for televi-
sions and set-top boxes is projected to increase at the greatest rated1.9%
annuallydfollowed by personal computers and related equipment at 1.7%
(EIA, 2009). Of particular note, these and other home electronics consume
power not only when in use, but also when they are in standby and off mode.
Their power supplies alone can draw significant loads even when disconnected
from the appliance, the so-called phantom load.

Over the course of the last 40 years there have been dramatic improvements
in the energy efficiency of many residential buildings and household technol-
ogies including refrigerators, furnaces, and air-conditioners. However, many of
these efficiency gains have been offset by preferences for larger houses,
increased air-conditioning use, and penetration of a greater variety of new
appliances and electronics. For example, the past 10 to 15 years have witnessed
a dramatic growth in acquisition and use of a range of home electronicsd
ranging from iPods, cell phones, and computer games to set-top boxes and
larger flat-screen televisions. These gadgets are expected to contribute an
increasing percentage of home energy use.

Given these trends, it is clear that efforts to reduce household energy
consumption will be severely constrained unless citizens are actively engaged

Residential Energy End Use 2009

Other
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 Space Cooling
11%

 Water Heating
14%

Lighting
11% Televisions and

Computer Equip
8% 

Other
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Appliances
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FIGURE 1 Pattern of U.S. Residential Energy Use. Source: EIA (2009).

2. These proportions vary by region such that heating comprises a larger proportion of energy use

in cooler climates while air-conditioning comprises a larger proportion in warmer climates.
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in more proactive home energy management activities. But such endeavors are
not as easy as one might imagine. The use of electricity and natural gas in
modern households is largely invisible to residential energy consumers.
Consumers see the benefits of a brightly lit home and experience the conve-
nience of modern appliances, but they don’t see the energy required to achieve
these ends. The very invisibility of energy and its costs makes smart man-
agementdwhether conservation measures or cost-effective energy efficiency
improvementsddifficult.

Compared to the use of wood or coal, natural gas and electricity flow
effortlessly, seamlessly, and silently into our homes as they fuel our furnaces,
power our air-conditioners, and meet a wide variety of other energy service
demands; doing so without any notable trace of their presence. For most people,
the only measure of their energy use is the bill that they receive at the end of the
month, up to 45 days after consumption.3 Unfortunately, the typical utility
billdeven for the best energy detective and the most energy-conscious con-
sumerdis an inadequate tool for managing energy use. Monthly bills may
report the number of kilowatt-hours (kWh) of electricity or therms or cubic
meters of natural gas consumed, and the resulting costs that are incurred, but
they don’t indicate which end-uses are responsible for the most energy. Neither
do they tell consumers just how energy-hungry, nor how energy-(in)efficient
their existing appliances might actually be. Nor do they indicate how changes
in consumer choices and behavior could enhance or offset energy demands
associated with changing weather patterns, new appliances, and the acquisition
of new electronic equipment. In short, most households in the United States and
throughout the world are among the energy blind; unable to see the energy that
they consume and the impact that it has on both the economy and the
environment.

The dysfunctionality of our current energy system has been recognized for
many years. More than a quarter century ago, Willett Kempton and Laura
Montgomery (1982) illustrated the paradox of consumption that occurs without
meaningful information in the following way:

[Imagine a grocery] store without prices on individual items, which presented only one

total bill at the cash register. In such a store, the shopper would have to estimate item

price by weight or packaging, by experimenting with different purchasing patterns, or by

using consumer bulletins based on average purchases.

The invisibility of modern energy resources also impedes the establishment
of social norms concerning what might be considered “appropriate” levels of
energy consumption.4 Not only are most energy consumers blind to their own

3. In some countries, such as the U.K., the bill is quarterly and is often estimated, so the disconnect

is even worse.

4. This book’s Chapter 3 by Bartiaux et al. also discusses social and cultural dimension of energy

use.
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level of energy consumption, but they are equally unaware of the amount of
energy consumed by their neighbors and other people living in the same city or
region of the country. Without an appropriate frame of reference, individuals
and households have a hard time determining whether their particular patterns
of energy consumption are excessive or moderate and whether some type of
intervention is warranted. Yet, access to this kind of information, particularly
through a dynamic and near real-time feedback process, can be a big motivator
in modifying energy consumption practices in ways that save money, decrease
energy waste, and reduce environmental impacts.

This chapter explores the potential role of smart meters and feedback
devices and programs to identify how households, individuals, and communi-
ties can empower themselves, reshape current energy consumption patterns,
and potentially reconfigure existing energy production systems. In the next
section, we begin with a discussion of the growing proliferation of smart meters
and the need to pair these with in-home displays or other feedback mechanisms
that allow energy consumers to access their own energy use information. We
then describe a variety of different in-home feedback technologies that are
currently available to consumers to help them better manage their energy
resources. In Section 3, we discuss the historical evidence linking different
types of feedback to behavioral change and energy savings. The section
includes estimates of the range of savings that have been achieved through the
application of each of the five types of feedback. Section 4 looks inside
the household to explore the actions that people take in response to feedbackd
the actions that are responsible for generating household energy savingsdand
how those actions vary across households. The penultimate section of this
chapter discusses the degree to which feedback-induced energy savings in
households might contribute to reductions in national energy consumption
trends, by estimating the magnitude of potential feedback-induced energy
savings in 2030. The chapter concludes with a discussion of potential future
benefits of an integrated smart grid, including opportunities for enhancing
energy efficiency, renewable energy, and distributed generation; providing the
means for plug-in vehicles; and expanding on the mechanisms to induce better
home energy management.

2. SMART METERS AND IN-HOME DISPLAYS

While the invisibility of energy consumption (and production) has clearly
impeded the ability of households to manage their energy consumption, recent
innovations offer the possibility of energy savings in the near term. Many of
these innovations rely on a range of increasingly ubiquitous information and
communications technologies (ICT). In particular, the combination of faster
Internet connections, new web-based interfaces, advanced utility meters, in-
home energy displays, smart phones, smart appliances, and the phenomenal
data storage and manipulation capacity of today’s computers offer the
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opportunity to easily and conveniently manage household energy consumption
in a whole variety of ways.5 The application and integration of ICT throughout
systems of energy production, distribution, and consumption could result in
tremendous energy savings and reveal important patterns and variations in
residential energy use. This information could also provide consumers with
a context for evaluating their own energy consumption patterns relative to their
actual energy service needs. Perhaps even more intriguing, the active
management of household energy consumption could open up larger efficiency
gains throughout all levels of the economy.

A growing number of recent programs and projects are implementing and
studying the impact of ICT and advanced meter infrastructure (AMI) on
reducing energy waste. Their findings suggest that when ICT is used to provide
energy consumers with detailed and timely feedback, they are often successful
in achieving significant energy savings. One recent study by Sarah Darby
(2006), for example, estimates that direct forms of feedback can generate
household electricity savings in the range of 5%e15%. And a more recent
meta-review of more than 50 related studies by Ehrhardt-Martinez et al. (2010)
generally confirmed this range of home electricity savings suggesting that
average feedback-related savings during the period 1995 to the present has
ranged between 4% and 12%. The combination of advanced utility energy
meters, in-home displays, and well-designed programs are among the most
innovative approaches that have recently expanded the opportunity for greater
levels of residential energy savings.

The Federal Energy Regulatory Commission (FERC, 2008) defines
advanced metering as a “system that records customer consumption (and
possibly other parameters) hourly or more frequently and provides for daily or
more frequent transmittal of measurements over a communication network to
a central collection point.” Unlike old-fashioned utility meters with their
distinctive rotating disks, advanced meters are digital devices that provide the
opportunity for two-way communications between the utility and consumers.
Some advanced utility meters can be enabled to also communicate directly with
household appliances and devices. When combined with in-home displays and
well-designed programs, advancedmeters hold the potential of providing energy
consumers with convenient, real-time energy consumption data and energy cost
information. In other words, these new devices and applications can be effective
tools for making energy visible and for providing consumers with the resources
that they need to effectively manage their household energy consumption.

Recently, governments and utilities throughout the European Union, North
America, Australia, and Japan have begun to invest in the development of
smarter electricity grids. One of the first tasks has been to install advanced
utility meters in homes and businesses. As of December 2008, roughly 4.7% of

5. See Ehrhardt-Martinez et al. 2010 for a more detailed discussion.
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the nearly 143 million electric meters in the United States had been replaced by
advanced meters, bringing the total number of advanced meters to 6.7 million
(FERC, 2008). The pace of change has been rapid and is likely to accelerate.
Eighty-seven percent of all advanced meters in place as of the end of 2008 were
installed during the prior two years. However, the distribution of advanced
meters across the United States has been uneven. As shown in Table 1, pene-
tration in Pennsylvania, Idaho, and Arkansas has been the highest at 23.9%,
13.8%, and 11.3%, respectively. Also noteworthy is that fewer than 20 states

TABLE 1 Penetration of Advanced Meters e States with at Least

3% Penetration

State AMI Meters Total Meters Penetration

Pennsylvania 1,443,285 6,036,064 23.9%

Idaho 105,933 769,963 13.8%

Arkansas 168,466 1,488,124 11.3%

North Dakota 33,336 375,473 8.9%

South Dakota 41,191 475,477 8.7%

Oklahoma 161,795 1,875,325 8.6%

Texas 868,204 10,870,895 8.0%

Florida 765,406 9,591,363 8.0%

Georgia 342,772 4,537,717 7.6%

Missouri 204,498 3,098,055 6.6%

Vermont 20,755 375,202 5.5%

Alabama 139,972 2,774,764 5.0%

Kentucky 105,460 2,161,142 4.9%

South Carolina 114,619 2,373,047 4.8%

Kansas 61,423 1,426,832 4.3%

Wisconsin 117,577 3,039,830 3.9%

Wyoming 12,268 318,282 3.9%

Arizona 96,727 2,810,224 3.4%

North Carolina 143,093 4,771,479 3.0%

Total 4,946,780 59,169,258 144.1%

Source: FERC (2008).
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have penetration rates of 3% or higher. Perhaps surprisingly, the list of top
penetration rates does not include Californiaddespite that state having a very
large number of meters (14.6 million), and despite the fact that it is usually
ranked as among the more energy-efficient states. In general, the largest
number of meters has been installed in some of the most populated states
including Texas (10.9 million meters), Florida (9.6 million), New York
(7.8 million), and Pennsylvania (6.0 million).

According to FERC, the planned deployment of nearly 52 million advanced
meters is scheduled to take place during the next 5 to 7 years. That represents
nearly an eightfold increase from current installations. When combined with
the 6.7 million advanced meters already deployed, the total penetration of
advanced meters in the near term will approach 40%. Notably, however, only
11% of advanced meters are currently used in conjunction with price-based
demand response programs, and less than 1% in conjunction with home area
networks or with other technologies that are likely to result in energy savings.
In other words, up to now, utility investments in advanced metering installa-
tions are primarily driven by utility concerns associated with reducing the costs
associated with meter readings, improving service reliability through auto-
mated outage detection, and creating the means for the future implementation
of real-time energy pricing structures.

While advanced metering technologies have achieved a relatively low level
of market penetration to date; utilities have committed to a large-scale
deployment in the near future, primarily as a result of the potential peak
electricity and cost savings that may be directly captured by the utilities.
Importantly, however, utility-based decisions about the ways in which these
technologies are implemented are likely to shape future energy savings as well
as determine which technologies and players will benefit the most.

Of critical importance in this new emerging market is the distinction
between the utility returns on their investments, primarily through peak load
shifting and reductions in operating costs, and the consumer energy bill
savings, and how the distribution of benefits is likely to impact the overall scale
of total energy savings. To maximize both energy savings and consumer
benefits, new advanced utility meter technologies must be accompanied by in-
home feedback devices or well-designed home energy reports. In-home feed-
back can take several different forms, including:

l Third-party presentation of energy use data where a third party is respon-
sible for presenting the data to household energy consumers through paper
reports or via the Internet.

l Third-party home networking systems where third-party providers install
in-home energy displays that provide occupants with real-time energy
consumption data.

l Do-it-yourself feedback devices where homeowners purchase and install in-
home energy displays that provide real-time energy consumption data.
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An important benefit of third-party presentation of indirect (after consumption)
energy use data is that it is often relatively inexpensive and generally doesn’t
require any additional hardware deployment. Currently, there are a handful of
service providers that leverage existing utility and other data to provide
content-rich feedback to residential consumers. One such company, OPOWER
(formerly known as Positive Energy), incorporates numerous behavioral prin-
ciples to provide rich and consumer-targeted feedback. OPOWER applies
advanced analytical tools to leverage available data, such as utility back-end
data along with outside data sources, including parcel, tax assessor, demo-
graphics, and so on, to create customized household profiles (Kavazovic, 2009).
Their expertise lies in “cleaning up” the utility and other existing data, and then
transforming them into useful information for the consumer (ibid.). By
providing information and feedback specific to a given consumer, and sug-
gesting how energy consumption in given individual household compares to its
neighbors or households with similar incomes or family size, consumers
are more likely to respond to tips that might cost-effectively reduce their
energy use.

A similar approach is being taken by Efficiency 2.0, a newer entrant into
the energy efficiency software market (Fehrenbacher, 2009) that is currently
pursuing partnerships and pilots with utilities to provide energy management
feedback to consumers. Efficiency 2.0’s software platform, Community
ConnectSM, has been specifically designed with behavior change best prac-
tices in mind. It provides personalized energy information and advice to
consumers via the web and includes a focus on goal-setting and follow-
through. The Efficiency 2.0 platform also integrates several forms of social
pressure. Users can enter as little or as much information as they would like
about their own energy practices, lifestyles, and behavior, depending on their
desired level of involvement. Efficiency 2.0 focuses on interpreting the data to
provide customized energy recommendations to drive behavior changes
(Frank, 2009).

Google.org is another organization interested in leveraging existing sources
of energy consumption data with the goal of energy savings. The Google.org
PowerMeter interface project creators believe that personal energy use data
belong to the consumer and that they should be available in a standard,
nonproprietary manner. Like the other examples, Google.org plans to harvest
data from utilities, but also coordinates with an in-home energy display, and
plans to eventually coordinate with other home automation technologies to
make energy information more accessible and useful to end-users. In its early
stages, Google.org is using an energy display device to measure, monitor, and
report electricity consumption for approximately 200 of its employees, with the
product recently available to the general public. Although it doesn’t directly
disaggregate the overall household electricity use into specific end uses,
Google.org is training the software to recognize energy demand peaks and
patterns and correlate them with specific appliance usage like the dryer or
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refrigerator (Olsen, 2009). As more frequent and appliance-specific data
become available, in effect translating the data stream into a format that
identifies specific end uses, the PowerMeter promises to provide more detailed
information to the consumer. The PowerMeter software platform was recently
released to the public.

Home automation networks are another means of providing residential
energy consumers with home energy consumption information in addition to
control of appliances and other devices. Home automation networks can be
thought of as “the last mile” of the smart grid. They provide a variety of home
energy management options through a wide selection of mostly interoperable
products and services that, when integrated, act as a single system. It ranges
from piecemeal parts of a network to a full-fledged interoperable network of
water, gas, and electricity devices that can communicate with the utility. A
complete home automation network can result in a system that optimizes
household performance based on supply conditions and time-of-use market
prices, as well as consumer price, comfort, and environmental preferences, and
includes the following components:

l In-home smart devices and appliances: Networking and/or communicating
chips embedded in and attached to appliances and devices that allow for
wireless and/or wired automation.

l Advanced network systems and software: Wireless mesh networks and/or
disambiguation algorithms that provide measurement and feedback of
appliance-specific data.

l Potential for two-way communication with the utility: Interface tools that
analyze and display data from smart meters and utilities to in-home energy
displays, smart thermostats, web, TV, mobile phone, and so on.

The simplest home automation network begins with a smart thermostat that
controls heating and air-conditioning equipment and that communicates with
a central computer and/or the utility’s metering system with the capability to
add incremental components to grow the home energy network. With
a sophisticated home automation network, the smart thermostat, in-home
energy display, and an Internet, mobile phone, or TV interface can manage
uses, such as space heating and cooling, water heating, pool pumps, lighting,
individual electrical devices, and so on, and provide opportunities to set up
comfort or savings targets, or targets somewhere in-between. This enables the
systems to appeal to the distinct and varied concerns that motivate household
energy savings whether they are concerns regarding energy costs, the envi-
ronment, and/or social-conscious motivations. For instance, several companies
describe a layered approach to developing a “rulebook” made up of algorithms
based on the consumer’s preferred comfort levels, for example, target
temperature in the weekly schedule. The customer can also set up acceptable
hourly prices, or budgets, and the system automatically adjusts heating and
cooling conditions. In most cases, the customer has the choice to override the
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system at any time or to simply “set and forget” about it and let the home area
network optimize household energy use.

Most home automation systems involve the use of both action-based tactical
messages, such as: set back the thermostat four degrees, as well as objective-
based messages that indicate the need for immediate individual energy
conservation, because “X” is happening in the electric grid. The individual then
chooses how they want that event to affect their lives. For instance, they can
ignore the event and pay higher peak rates where applicable, or they might
choose to cycle the freezer or pool off for a couple of hours. The customer, in
a sense, chooses if they want to be engaged in the information, and if so, they
will continue to gain awareness and can eventually participate in a much more
proactive way. In addition, most home automation companies are at the
beginning stages of providing community and social networking platforms
designed to facilitate community comparisons and challenges as part of their
service offerings.

In addition to automation technologies, some home automation companies
also apply important behavior principles in designing their feedback systems.
Such behavioral principles include the use of social norms, goal setting,
competitions, social networks, comparisons, special pricing structures, and
actionable tips and recommendations. One such company, Control4, illustrated
how enabling-technologies can help eliminate household energy waste by
providing the “energy efficiency cruise control for the home” (Nagel, 2009).

3. SOME HISTORICAL EVIDENCE

Utility advanced meters and in-home feedback devices provide a modern
means by which residential energy consumers can become more knowledge-
able about their energy consumption practices and become active managers of
their energy resource use. Historically, energy use feedback has taken a variety
of different forms but all forms are based on longstanding research in the fields
of psychology, sociology, communications, and marketing. Most current and
past feedback initiatives are based on the notion that individual and household
behavior can be shaped by providing people with information and motivation.
Information elements address current and past levels of energy consumption as
well as tips and recommendations to help people to consume less. Motivational
elements provide the meaning and the context that provide the reason for
people to change their current energy consumption practices. Sometimes this is
as simple as attaching positive consequences to energy-wise consumption
behaviors thereby making those behaviors more attractive to consumers, or
attaching negative consequences and making unsound behaviors much less
desirable (Abrahamse et al., 2005). In the case of household energy
consumption, negative consequences often take the form of higher energy bills
associated with higher levels of consumption. New electricity rate structures
provide even greater negative economic consequences for households that fail
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to manage their energy consumption during peak periods or periods of high
demand.

Other characteristics of feedback initiatives also appear to correlate with
program effectiveness as measured by higher participation rates and energy
savings. Of particular interest are:

l The frequency of the feedback
l Whether the feedback is direct (real-time) or indirect (after consumption)
l Whether or not the feedback provides a contextual framework by which

individuals can evaluate their performance

3.1. Frequency and Types of Feedback

Feedback can range from continuous to infrequent and from direct to indirect.
As illustrated in Figure 2, a recent report by the Electric Power Research
Institute (EPRI, 2009) distinguishes between four types of indirect and two
types of direct feedback. Provided after consumption, indirect feedback
includes standard billing, enhanced billing, estimated feedback, and daily/
weekly feedback, while direct feedback includes real-time feedback as well as
real-time plus feedback. Not surprisingly, standard billing tends to be the least
costly to implement but also provides the least amount of information to
consumers. At the other end of the scale are real-time plus systems that work
with home automation networks, providing frequent energy use data that are
disaggregated by each specific end-use.

“Direct” Feedback 
(provided real-time)  

“Indirect” Feedback

(provided after consumption occurs) 

Real-time

Plus

(e.g. HANs,
appliance
disaggregation
and/or
control)  

Real-time

Feedback

(e.g. in-home
displays,
pricing signal
capability)     

65

Daily/Weekly

Feedback

(e.g. based on
consumption
measurements,
by mail, email,
self-meter
reading, etc.)     

Estimated

Feedback

(e.g. web-
based energy
audits + billing
analysis, est.
appliance
disaggregation)    

43

Enhanced

Billing

(e.g. info and
advice,
household
specific or
otherwise)       

Standard

Billing

(e.g. monthly,
bi-monthly)    

21

Information availability 

Cost of implementing

Feedback  

Low High

FIGURE 2 Types of Feedback and Effects. Source: EPRI (2009).
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Past studies suggest that direct forms of feedback and feedback that is
provided with greater frequency tend to be more effective (Darby, 2006;
Fischer, 2007; Abrahamse et al., 2005). For example, studies from as far back
as the late 1970s have shown that in-home energy displays have successfully
reduced energy consumption by as much as 12% compared to a control group
without the in-home device (McClelland and Cook, 1979e80; van Houwe-
lingen and van Raaij, 1989). More recent studies indicate that even greater
savings are possible (EPRI, 2009) but that feedback-related energy savings
from direct feedback generally fall within the range of 5%e15% (Darby, 2006).

How important is the type of feedback in determining residential energy
savings? The effectiveness of five different kinds of feedback is discussed in
more detail below. These include: (1) enhanced billing, (2) estimated feedback,
(3) daily or weekly feedback, (4) aggregate real-time feedback, and (5) dis-
aggregated real-time feedback.

3.1.1. Enhanced Billing

A review of nine enhanced billing studies published between 1976 and 2009
showed energy savings ranging from 2.5%e8% (Table 2). For example, the
Sacramento Municipal Utility District (SMUD) commissioned OPOWER to
develop a program using social norms and monthly home energy reports to
reshape the behavior of its residential electricity customers. This effort resulted
in a savings of 2.5% over an 18-month period (Ehrhardt-Martinez, 2009). Even
more dramatic savings (8%) were achieved in a Norwegian study that also
provided consumers with historical and social comparisons (Wilhite et al.,
1999). Both the SMUD and the Norwegian programs are based on the idea that
residential energy consumers will positively respond when provided a point of
comparison so they can assess their energy consumption patterns in a mean-
ingful contextdfor example, relative to their peers or a community average.
Comparative information is often provided in the form of historical data as well
as social comparisons with other households. Historical data show consumers
how their current energy bill compares to past billing periods during the current
year as well as prior years. Social comparisons allow consumers to assess their
level of energy consumption relative to that of other people in homes and
household like theirs. While the studies use a variety of complex data sources to
calculate social comparisons, these approaches are relatively low cost, and
when designed correctly, they have a proven track record of meaningful energy
savings.

Energy savings as high as 10% were achieved in single-family households
as a result of a more complex, multicomponent study in Denmark6 (Nielsen,
1993). The Danish study provided feedback by means of enhanced billing but
also offered households the opportunity to receive a consultation with a utility

6. The same study revealed savings of just 1% for apartment dwellers.
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representative to assess potential means of achieving energy savings and
provide financing opportunities. Another study found that the use of custom-
ized recommendations outlining ways that households could save energy also
played an important role in eliciting feedback-related savings (Seaver and
Patterson, 1976). Finally, at least one study suggests that the savings achieved
by enhanced billing are likely to persist over time, when combined with
commitment strategies, group interventions, and social interaction (Staats et al.,
2004). The study found energy savings of 5% after seven months of feedback
and savings of 8% after two years despite the lack of any subsequent
intervention.

3.1.2. Estimated Feedback

Web-based tools have become an increasingly popular means of providing
household energy consumers with estimated feedback. Estimated feedback
relies on data provided by the individual or household as opposed to the utility

TABLE 2 Enhanced Billing Feedback Studies

Study Energy Savings Location

1 Ehrhardt-Martinez 2009
and Summit Blue

2.5% United States (CA)

2 IBM 2007 6% overall savings
(conservation by group ¼ 6%
for TOU, 4.7% for CPP, 7.4%
for critical peak rebate)

Canada

3 Kasulis et al 1981 not specified United States
(Oklahoma)

4 Nielsen 1993 10% for single family HH,
1% for flats (8% and 7%
for groups 2 and 3)

Europe (Denmark)

5 Seaver and Patterson 1976 not reported United States (PA)

6 Staats et al 2004 5% immediately following
test period, 8% 2 years
later (with no subsequent
intervention)

Europe (Netherlands)

7 Wilhite and Ling 1995 7.6% after 1st year, 10%
after 2nd year

Europe (Netherlands)

8 Wilhite et al 1999 n.a. Europe (Netherlands)

9 Wilhite et al 1999 8% after 2 years Europe (Netherlands)

Source: Ehrhardt-Martinez et al. (2010).
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or a third-party provider. Highlighted in Table 3, early research on the effects of
this type of feedback suggests moderate levels of associated savings, on the
order of 5%e8.5% (Abrahamse et al., 2007; Benders et al., 2006). A third study
that explored the effect of this type of feedback on peak energy savings found
that while the use of estimated feedback did result in overall energy savings, it
did not result in peak period savings above and beyond the preexisting peak rate
structure (Elliott et al., 2006). Notably, the savings that were achieved were not
limited to peak events, but instead tended to be distributed somewhat evenly
across time.

3.1.3. Daily/Weekly Feedback

The last form of indirect feedback (daily/weekly) has historically been rela-
tively low-tech in its implementation (summarized in Table 4). Most studies
have relied on the use of feedback cards, door hangers, and other hand written
methods to inform participants of their actual energy consumption patterns and
savings. As such, this approach has been relatively labor-intensive and difficult
to scale up as historically implemented. Nevertheless, energy savings have been
notable, ranging from 4%e19%. Given these substantial savings, it is important
to consider the ways in which web-based technologies could potentially
facilitate implementation of this type of feedback program and allow for larger
scale studies.

Savings of 10% or more are commonly reported by programs using this type
of feedback. Among those studies with higher levels of energy savings, most
combined multiple approaches. For example, two studies that combined pricing
rebate schemes with daily/weekly feedback achieved energy savings of 18%
and 11%e12%, respectively (Hayes and Cone, 1977; Battalio et al., 1979).

Another study achieved 12% savings by combining the delivery of daily/
weekly feedback with the use of comparative and historical norms (Brandon
and Lewis, 1999). And a relatively large scale study7 in California achieved

TABLE 3 Estimated Feedback Studies

Study Energy Savings Location

1 Abrahamse et al
2007

5.1% (control group used 0.7% more
energy)

Europe

2 Benders et al 2006 8.5% in direct energy consumption; change
in indirect energy consumption not sig.

Europe
(Netherlands)

3 Elliott et al 2006 Not significant United States (CA)

Source: Ehrhardt-Martinez et al. (2010).

7. One thousand households participated in the California study.
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TABLE 4 Daily/Weekly Feedback Studies

Study Energy Savings Location

1 Battalio et al. 1979 11 and 12% for groups
receiving feedback and
rebates; no sig. savings for
feedback only group

United States (Texas)

2 Bittle et al 1979 4% United States (IL)

3 Bittle et al 1979-80 9.6% for high electricity
consumers

United States (IL)

4 Brandon and Lewis 1999 4.3% reduction compared
with pretest; 12% lower
compared to control group

Europe (UK)

5 Hayes and Cone 1977 33% from payments, 18%
from daily feedback, 19%
from information

United States (WV)

6 Kantola et al 1984 3-14% depending on the
treatment (11.3-13.8% for
dissonance group; 3-3.7% for
feedback group;
4-11.6% for tips)

Other (Australia)

7 Nolan et al 2008 10% during the month that
door hangers were
distributed (significant); 7%
in the following month (not
significant)

United States (CA)

8 Robinson 2007 0% saving associated with
feedback - measured after
TOU pricing was already in
effect; i.e. no net impact of
feedback

Canada

9 Schultz et al 2007 descriptive norm group ¼
decline of 5.7% for HHs
consuming above avg,
increase of 7.9% for HHs
consuming below avg; when
injunctive norm was added,
low consumers remained low

United States

10 Seligman et al 1978 10.5% United States (NJ)

11 Seligman et al 1978
and Becker 1978

13.0% United States (NJ)

(Continued)
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savings of roughly 10% by combining daily/weekly feedback with descrip-
tive norms (Nolan et al., 2008). Importantly, this same study compared the
energy savings associated with a variety of potential motivating factors and
found that energy saving behaviors were most heavily influenced by social
norms, for example, communicated through reports showing how much
energy other people were consuming, as opposed to concerns for environ-
mental protection, benefits to society, or saving money. According to Nolan
and colleagues, normative social influence produced the greatest change in
behavior compared to information highlighting other reasons to conserve,
even though respondents rated the normative information as least motivating.
These results illustrate the potential power of normative messages for
reshaping behavior despite the fact that their influence is often under-detected
by individuals themselves.

Goal setting is another means of motivating consumers to save energy that,
when combined with daily/weekly feedback, can result in enhanced energy
savings. Interestingly, the size of the goal seems to play an important role in
determining subsequent energy savings. In one study (Seligman et al., 1978),
households were divided into two groups. The first group was given a relatively
easy savings goal of 2%, while the second group was given a much more difficult
savings goal of 20%. Notably, the group with the difficult savings goal was the
only group that achieved significant energy savings, 13% on average. However,
the effects of goal setting don’t seem to be important in all contexts. For example,
a later study of goal setting and its application in conjunction with a variety of
other potential motivating factors (Winett et al., 1982) found that goal setting was

TABLE 4 Daily/Weekly Feedback Studiesdcont’d

Study Energy Savings Location

12 Staats and
van-Leeuwen 2000

6% Europe (Netherlands)

13 Winett et al. 1982
[Summer]

Summer Savings: 15% for
electricity, 34% for electricity
for cooling

United States (VA)

14 Winett et al. 1982
[Winter]

Winter Savings: 15% for
electricity, 25% for heating

United States (VA)

15 Haakana et al 1997 6% savings for district
heating (3%-9% range) while
control group increased 1%-
2%, 17%-21% decrease in
electricity consumption

Europe (Finland)

Source: Ehrhardt-Martinez et al. (2010).
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not successful in generating energy savings. Instead, this study found that the
effects of behavioral modeling were much more important. For instance, as part
of the study, participants were shown videotapes demonstrating different
conservation strategies. When used in conjunction with feedback, behavior
modeling was effective in generating energy savings of 15% on average.

3.1.4. Aggregate, Real-Time Feedback

As shown in Table 5, energy savings associated with aggregate (entire house-
hold), real-time feedback vary widely, but typically fall somewhere between
0.5% and 18%, depending on the characteristics of the feedback device and its
use in combination with innovative program designs. Regardless, household-
level savings above 10% are somewhat unusual.8 Nevertheless, an early study
using an outdoor device designed to notify participants when to turn off their
air-conditioning achieved energy savings of 15.7% (Seligman et al., 1978) .
The device monitored outdoor air temperatures and notified participants when
the outdoor air temperature fell below a predetermined temperature threshold,
prompting customers to turn off their air-conditioning. Another study was
successful in achieving 12% savings through a combined approach that used an
in-home device called “The Indicator,” which targeted energy savings goals,
and general energy use information (van Houwelingen and van Raaij, 1989).
Two more recent studies in North America were also successful in achieving
energy savings in excess of 10% (Mountain, 2008; Pruitt, 2005). In the first, 58
Canadian households were given a Blue Line Power Cost Monitor. At the
conclusion of the 18-month study, households that were given the monitor were
consuming 18% less electricity. The study also found that people who began the
process with favorable attitudes toward energy conservation and efficiency
were likely to conserve more. Another study worked with 2600 households in
Arizona to test the effects of the Salt River Project (SRP) M-power Monitor.
This study combined in-home feedback with a pay-as-you-go program.
Preliminary results suggest average savings of 13%.

Notably, the lowest levels of energy savings associated with aggregate,
real time feedback devices seem to be associated with programs focused on
reducing peak demand rather than generating overall energy savings. For
example, in a study of 480 California households participating in a time-of-
use pricing structure, households with continuous display electricity use
monitors actually increased their overall electricity use by 5.5% during the
12-month study period (Sexton et al., 1987).9 Another more recent example is
a study designed to test the impact of the Ambient Energy Orb on
1500 Maryland households (Case et al., 2008). The study used both critical

8. Less than 15% of studies of aggregate, real-time feedback revealed savings of 10% of greater.

9. These same households were successful in shifting electricity use from peak to off-peak periods,

which was the goal of the pilot.
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TABLE 5 Aggregate Real-Time Feedback Studies

Study Energy Savings Location

1 Seligman et al. 1978 15.7% United States (NJ)

2 Carroll et al. 2009a 5.5% (ranged from 0 to 48%) United States (NV)

3 Carroll et al. 2009b and
Parker et al. 2008

7.4% (Savings range: þ9.5% to �27.9%) United States (FL)

4 Case et al. 2008 (power point
presentation) and Faruqui 2009
(BG&E pilot)

0.50% United States (Maryland)

5 Hutton et al. 1986 4.1% compared to control group in Quebec, 5%
compared to control group in B.C. (for natural gas only),
no savings found in CA

Canada (Montreal and Vancouver)
and United States (Dallas, TX
and Vacaville, CA)

6 Hydro One Networks Inc 2008 3.3% with TOU rates (7.6% with in-home devices
and TOU), 6.7% for HHs with display but not TOU

Canada

7 MacLellan 2008 [Nstar] 3% United States

8 Martinez & Geltz 2005 Not specified United States (CA)

9 McClelland and Cook 1979
(see EPRI reference)

12% United States (NC)

10 Mountain 2006 6.5% Canada

11 Mountain 2008 18.1% Canada (New Foundland)

12 Mountain 2008 2.7% Canada (BC)
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13 Parker et al 2006 As high as 56% using the feedback device as a diagnostic
tool

United States

14 Parker et al 2008 7% (weather adjusted savings ranged from an increase of
9.5% to a savings of 27.9%) 11 homes showed savings;
6 showed increases

United States (FL)

15 Peterson et al 2007 32% United States (OH)

16 Pruitt 2005 12.8% (13.8% in summer, 11.1% in winter) United States (AZ)

17 Scott 2008 and Sipe
and Castor 2009

Savings not significant United States

18 Sexton et al 1987 Electricity demand increased 5.5% overall and 12% in
off-peak periods; demand declined 1.2% during peak
periods

United States (CA)

19 Sulyma et al 2008 8.6% Canada

20 van Houwellingen and van Raaij 1989 HH w/display:12.3%, HH w/monthly feedback: 7.7%,
HH that self monitored: 5.1%, HH w/info only: 4.3%

Europe (Netherlands)

Source: Ehrhardt-Martinez et al. (2010).
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peak pricing and peak time rebates. In addition, one of the study groups was
also using an air-conditioner (AC) switch where the utility was able to turn off
a participant’s AC unit during peak times. Peak savings ranged from 17%e
33% across the study groups. Total energy savings, however, were only 0.5%.
These study results were fully consistent with the more narrow focus of peak
time reductions.

3.1.5. Disaggregated, Real-Time Plus Feedback

Perhaps the most innovative and exciting of the various feedback devices are
those that provide disaggregated, or end-use specific, real-time feedback. These
high-tech gadgets offer the promise of providing households with the most
detailed and timely energy consumption data, however they also tend to be
among the most costly approaches to feedback and only a handful of studies
have been done to assess their effectiveness thus far.10 Nevertheless, prelimi-
nary research suggests a range of potential savings of 9%e18% (Table 6). In
Canada, a computer-based feedback device called the Residential Electricity
Cost Speedometer was found to generate savings of nearly 13% (Dobson and
Griffin, 1992) while two Japanese studies of the Online Energy Consumption
Information System (Ueno et al., 2006a and 2006b) found savings of 9% and
18%, respectively.11 A similar study evaluated the effect of the Energy
Consumption Indicator in 20 U.K. households and found that it was successful
in reducing energy consumption by 15% on average.

TABLE 6 Disaggregated Real Time Plus Feedback Studies

Study Energy Savings Location

1 Dobson and Griffin 1992 12.9% Canada

2 Horst 2006 not measured United States (MI)

3 Karbo and Larson 2005 Europe (Denmark)

4 Ueno et al 2006a 9% Other (Japan)

5 Ueno et al 2006b 12% (Total electric consumption
decreased by 18%, total gas
consumption decreased by 9%)

Other (Japan)

6 Wood and Newborough
2003

15% (31 HHs saved more than 10%,
6 HHs saved more than 20%)

Europe (UK)

Source: Ehrhardt-Martinez et al. (2010).

10. All but one of the studies on real-time disaggregated feedback have been performed outside of

the United States (two in Japan, two in Europe [U.K. and Denmark], and one in Canada).

11. The first study involved only nine households.
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The overall findings of Ehrhardt-Martinez et al. (2010) suggest that feedback
programs performed between 1995 and 2010 have generated average household
energy savings of 4%e12%, depending on the type of feedback and related
program characteristics. Among the various types of indirect feedback, enhanced
billing strategies resulted in average savings of 2.5%e8%, while estimated
feedback and daily/weekly feedback strategies resulted in average savings of
5%e8.5%and 4%e19%, respectively.Among the direct forms of feedback, real-
time aggregate feedback resulted in energy savings of 0.5% to as much as 18%,
while real-time plus strategies resulted in savings of 9%e18%. Despite the
information provided by past studies, the future savings potential from feedback
remains somewhat unclear. Longer-term studies with larger sample sizes are
needed to adequately evaluate the long-term savings potential from feedback. In
addition, energy savings are likely to be enhanced by better program designs that
build on the knowledge gained and lesson learned from past initiatives.

4. THE IMPACT ON HABITS, LIFESTYLES, AND CHOICES

While it is clear that utility-driven advanced metering initiatives and other
programs that provide residential consumers with feedback regarding their
energy consumption can result in significant reductions in energy use, few
studies have studied the actions that residential consumers are engaging in so as
to bring about the energy savings associated with feedback initiatives. In a 2004
study of the impact of a pilot residential time-of-use pricing program in
Sacramento, California, researchers explored this question in some detail
(Wood et al., 2004). Although the survey results are not based on a represen-
tative sample, the study’s findings provide some preliminary insights as to the
ways in which people choose to change their habits, lifestyles, and choices in
ways that result in energy savings.

Participation in the program was voluntary and most participants chose to
participate either because they wanted to save money (88%) or because they
wanted the ability to control their energy usage (54%). In addition, roughly
one-third indicated that their participation was motivated by a concern for the
environment. In terms of actual energy savings, the study’s findings showed
that 86% of participants used less energy during high or critical periods and that
67% of participants used less energy overall. Energy use during critical price
periods declined by 16%, while overall energy use declined by 4%. But how did
people achieve these savings?

As shown in Table 7, households engaged in a variety of activities to save
energy. Nearly all participants (95%) reported engaging in new habits to
minimize energy use during critical price periods. The principal strategy
involved shifting usage to nonpeak periods. In particular participants were less
likely to use air-conditioners, dishwashers, and clothes washers during peak
periods. They also reported taking fewer showers or baths during these periods
and cooking indoors less often.
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Respondents also reported engaging in energy stocktaking behaviors
including repairing air ducts (8%) and changing the default temperatures on
their thermostats (42%). Among the respondents who saved the most energy
overall were those that invested in energy efficient products. More than half of
all participants (59%) invested in compact fluorescent light bulbs. A smaller
proportion of households invested in more costly energy efficiency upgrades
including new windows (11%), a new refrigerator (9%), a new air-conditioner
(5%), or added insulation (5%).12

These findings contrast with an earlier and larger study of conservation
behavior by residential consumers during and after the 2000e2001 California
energy crisis (Lutzenhiser et al., 2003). The 2003 study used data obtained from
1666 in-depth telephone interviews with randomly selected residential house-
holds in five major California utility service territories. Some interesting
findings from the 2003 study indicate that “more than 75% of households
participating in the survey reported taking one or more conservation actions,”
and that reductions in energy demand were largely due to changes in behavior
(65%e70%) as opposed to investments in hardware solutions or on-site
generation projects (25%e30%). Table 8 shows reported conservation behav-
iors. Note that the top three behaviors involved changes in habits and routines
as opposed to consumer investments or energy stocktaking behaviors.

TABLE 7 Categories of Change and Behaviors

Type of Change Behavior Percent

New Habits Shifted usage 95%

New Habits Checked thermostat display for critical periods 83%

Energy Stocktaking Repaired air ducts 8%

Energy Stocktaking Changed default temperatures on thermostat 42%

Low-cost Investments Installed CFLs 59%

Higher-cost Investments Replaced single with dual-pane windows 11%

Higher-cost Investments Replaced inefficient refrigerator 9%

Higher-cost Investments Replaced inefficient air conditioning 5%

Higher-cost Investments Installed ceiling or wall insulation 5%

Source: Wood et al. (2004).

12. Higher-cost investments were relatively rare despite the fact that the sample population was

found to have higher incomes compared to the general population in the same geographic area.

More specifically, 50% of pilot participants had annual incomes over $100,000 per year compared

to 12% of people in the general population.
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Another important difference between the two studies involved the ques-
tion of motivation. In the 2003 study (summarized in Figure 3), survey
respondents reported that their conservation efforts were motivated by a wide
variety of factors. While minimizing energy costs was among the principal
motivators, respondents also reported being motivated by their desire to avoid
blackouts (82%), use energy resources as wisely as possible (77%), do their
part to help Californians (73%), and protect the environment (69%).
According to the report, “qualifying for a utility rebate was the least common

TABLE 8 Behaviors as a Function of Technology Categories

Type of Behavior Description Percent

Lights Behaviors Behaviors related to turning off lights
or using fewer lights

65.5%

Other Heat/Cool Behaviors Behaviors related to heating and cooling
other than not using the AC at all (e.g.
using AC less, using ceiling fans, changing
thermostat, etc.)

48.5%

Small Equipment Behaviors Behaviors related to household appliances
(using them less, turning them off and
unplugging them)

32.2%

Light Bulbs Hardware related purchase/use of CFLs
or other energy saving bulbs

22.2%

Peak Behaviors Behaviors related to using energy during
off-peak hours

20.0%

H20 Behaviors Behaviors related to using less water or
using less hot water (e.g. shorter showers,
wash in cold/warm water, turn water
heater down, etc.)

12.2%

Appliances Hardware-related purchased/use of new
non-fixed appliances (e.g. refrigerator,
washer/dryer, window AC, fans, etc.)

10.4%

Turning off AC Behavior related to not using the AC at all 9.6%

Shell Improvement Hardware related to one-time
improvements to the house (e.g. windows,
insulation, a new piece of fixed equipment
such as water heater, AC, furnace, etc.)

7.9%

Large Equipment Behaviors Behaviors related to pools, spas, irrigation
motors (e.g., turn off, use less often)

6.0%

Source: Lutzenhiser et al. (2003).
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motivation, and available utility rebates were not relevant to most of the
actions consumers took.”

The findings from these two studies suggest that large, behavior-related
energy savings opportunities are available in the residential sector and that
feedback is likely to be an effective mechanism for unlocking potential energy
savings. Among the types of energy efficiency and conservation behaviors,
investments in new equipment and appliances appeared more likely within
more affluent populations and are generally undertaken in conjunction with
a change of residence or a remodel or part of a stylistic, as opposed to func-
tional, upgrade (Lutzenhiser et al., 2003). For the larger population, households
appear to be more likely to reduce energy consumption through changes in
habits and routines or through energy stock-taking behaviors. Importantly,
these energy-conservation behaviors are likely to be motivated by a variety of
factors including self-interest (energy bill savings) as well as civic concerns and
altruistic motives. These findings suggest that narrowly defined energy-effi-
ciency programs aimed at the installation of new, more energy-efficient tech-
nologies alone (the practice of traditional utility programs) are likely to realize
only a small fraction of potential behavior-related residential energy savings.
Similarly, programs that limit their appeal to self-interest alone are unlikely to
leverage the broad range of factors that motivate people to action.

5. THE MAGNITUDE OF POTENTIAL SAVINGS

How large are potential feedback-related energy savings? Currently the pre-
vailing assumption is that advanced meters are likely to be installed in nearly all
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customer premises by 2030, and much sooner in some states or for some
utilities. However, barring the implementation of specific policies or standards,
their near-term use is likely to be limited to achieving utility interests in
managing the grid, reducing peak demand loads more efficiently, and for
reducing utility costs associated with monitoring, tracking, and billing
customers. In other words, despite the potential energy savings made possible
by the installation of advanced meters, it is entirely possible that these devices
won’t be used to encourage the more efficient use of electricity throughout the
entire year and across all customer end uses.

Despite these concerns, several researchers recently worked together to
develop several estimates of potential feedback-induced energy savings at the
national level (Ehrhardt-Martinez et al., 2010). Their estimates are based on
a Monte Carlo exercise that explored three alternative electricity consumption
scenarios and allowed for a random increase in annual customer participation in
year-round efficiency feedback programs. Notably the study was based on the
presumption that by 2030, somewhere between 60% and 95% of all
customersdwhether residential, commercial, or industrial users of
electricitydmight be participating in such programs. At the same time each
scenario assumes a different range of conservation and/or efficiency savings:
first, a low-range savings of 2.5%e8% of annual consumption per customer;
next, a medium-range savings of 5%e12%; and finally, an aggressive or high-
range savings of 9%e18% of annual consumption. Given these assumptions,
the Monte Carlo exercise ran a total of 10,000 simulations for each of the three
scenarios to explore the potential impact over 2010e2030 time horizon.

The first critical insight from the Monte Carlo simulations is that advanced
metering together with active customer participation in well-designed utility
feedback programs could provide consumers and businesses with a significant
net savings on their electricity bills. Depending on the breadth and effective-
ness of program design, individual consumer savings might range from roughly
4%e12% electricity savings annually, while the economy-wide savings might
range from 4%e10% annually. Over the 20-year time horizon, the net present
value of technology and program costs might range from roughly $50e$60
billion dollars while saving the economy a total of $70e$200 billion.

Using a total resource cost testdin effect, examining total economy-wide
costs and total economy-wide energy bill savingsdthe benefit cost ratio appears
to range from about 1.2 to as much as 3.7. The lower ratio reflects a less-effective
program implementation and negligible economies of scale that would otherwise
lower technology costs. The higher ratio, on the other hand, captures a much
higher level of market penetration, a reduction in both technology and program
costs over time, and a greater savings per unit of technology and program cost.
Although not explored in their analysis, the emerging results from this innovative
study suggest that well-designed feedback programs are likely to reduce
greenhouse gas emissions from the production and use of electricity by as much
as 10% at a substantial net benefit to the U.S. economy. As explained below,
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well-designed feedback programs, enabled by smart grid and smart technologies
throughout the economy, could form the backbone of a much more energy-
efficient economy that might cause energy consumption to drop by 50% or better
by 2050 (Laitner, 2009)dbut to achieve these savings we need to increase the
rate of investment in such programs and technologies. The good news is that
productive investments in these programs and technologies might also strengthen
overall economic activity (Laitner, 2009).

CONCLUSIONS

As the smart grid connects more and more energy users into a true energy
network, the potential benefits for households, utilities, and society are also
likely to expand in terms of increased energy efficiency, expanded use of
renewable energy, better energy management practices, and cleaner trans-
portation options. The installation of new utility advanced meters and the
application of well-designed feedback initiatives can potentially catalyze these
benefits. In short, the smart grid offers the opportunity to transform traditional
energy structures in ways that benefit households, utilities, society, the economy,
and the environmentdif it’s done well. We conclude this chapter with a brief
discussion of three specific ways in which the smart grid might transform our
traditional energy system into a more robust, energy-efficient economy.

Energy Efficiency, Renewable Energy, and Distributed Generation

Compared to the current electricity system in which energy flows in one
direction (from the utility to the consumer) and an information exchange is
limited to monthly consumption and billing data, the Smart Grid provides the
means for multidirectional energy flows as well as the development of more
complex and more energy-efficient information systems. As a greater number
of homes, offices, and other buildings become connected to the Smart Grid,
everyday buildings that become more energy-efficient could also be trans-
formed into energy generators. Whether through the use of photovoltaic
systems, mini wind turbines, or other mechanisms, houses and commercial
buildings will have the opportunity to produce as well as consume electricity
(see, for example, Griffith et al., 2007, which explored such possibilities in our
nation’s commercial buildings).

Such a transformation would have enormous implications for energy effi-
ciency, carbon emissions, and the role of households and utilities in the energy
system. For instance, large efficiency gains would result from a microgrid
system in which small scale electricity production and consumption occur in
close proximity, significantly reducing transmission-related energy losses, and
giving households ownership over their electricity generation and use.
Of course this type of system would also greatly expand renewable sources of
electricity production and reduce the level of carbon emissions associated with
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electricity generation. Moreover the implementation of microgrid generation
systems offers households the possibility of becoming energy suppliers by
selling surplus energy back to the grid. According to a recent article in Fast
Company (Kamenetz, 2009), “The microgrid is all about consumer controld
aligning monetary incentives, with the help of information technology, to make
renewables and efficiency pay off for the average homeowner, commercial
developer, or even a town.” Ultimately, microgrid systems provide the oppor-
tunity for an electricity system that is redundant, resilient, and secure.

Plug-in Vehicles and Energy Security

The redundancy, resilience, and flexibility of the Smart Grid may also provide
the means of enabling the development and use of Vehicle to Grid (V2G)
technologies in which plug-in electric vehicles will both draw energy from, and
contribute energy to, the electricity grid. Forthcoming electric and hybrid
electric vehicles can be plugged in at night (when electricity is abundant and
cheap) to draw electricity from the grid and recharge their batteries. During the
day (when electricity is scarce and expensive), the same vehicles can be
plugged in to provide extra power to the grid during times of high demand. As
such the V2G technologies help benefit utilities by helping to overcome elec-
tricity supply constraints associated with times of peak demand that occur
during the day when industrial plants, commercial enterprises, and air-condi-
tioning result in maximum demand for electricity (Kempton and Tomic, 2005).
In fact, new electric passenger vehicles may store enough energy to power
several homes for hours, and utilities may be interested in paying vehicle
owners to plug-in their vehicles to supply needed energy. When combined with
microgrid technologies, the potential benefits are likely to be enormous,
including the possibility of transportation options that can greatly reduce
emissions.

Personal Carbon Budgets and Climate Change

In a system of Smart Grids, innovative feedback interventions, microgrid
generation, and V2G technologies, today’s energy consumers will become
tomorrow’s energy managers and the only constraints on personal energy
consumption will be the costs of energy and the limits to carbon emissions. In
order to limit overall carbon emissions and encourage households and others to
constrain the consumption of more carbon-intensive energy sources, one
innovative policy proposes the implementation of personal carbon budgets and
trading schemes (Parag and Strickland, 2009). Such a policy would provide
individuals with “an annual carbon emissions ‘budget’ for their personal use”
and would implement a “downstream carbon cap and trade policy instrument.”
People would be responsible for the carbon emissions associated with
household energy use, private transport, and aviation and would be able to
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buy additional emissions or sell their surplus credits in the personal carbon
market.

This type of reconfiguration of our energy system could provide an energy
revolution in all end-use sectors and for all fuels that so many of today’s leaders
are calling for. Such a reconfiguration could also provide for a much more
decentralized and democratic energy system in which the line between
producers and consumers is increasingly blurred, in which households become
capable energy managers, and in which the environmental impacts of energy
production and consumption are minimized. How big is the potential? With
smart infrastructure as a foundation, coupled with well-designed, behavior-
savvy feedback programs that inform and integrate consumer involvement into
the energy market, new ICT-based systems might open up much greater levels
of energy efficiency improvements than are typically reflected in policy
assessments. The evidence suggests that such people-centered policies and
programs could open the way toward a 50%e60% energy savings by 2050
(Laitner, 2009) with renewable energy technologies powering the balance of
our energy needs (Jacobson and Delucchi, 2009). Hence, the opportunities for
more positive social, economic, and environmental outcomes exist in the short
term, but the critical choices that will drive this set of beneficial outcomes have
yet to be made. And such choice could begin by enabling better home energy
management using new Smart Grid and feedback technologies.
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1. INTRODUCTION

The debate on behavior and culture change is heavily tilted toward individuals
and households as the primary focal points for study and action. Yet organi-
zations use more than twice as much energy than households: In the U.S.,
commercial and industrial energy users accounted for about 51 quads of
primary energy while households accounted for about 21 quads in 2007
(EIA AEO, 2010). Moreover, leading organizations are demonstrating signif-
icant, measured changes in energy use, much of it through behavior and culture
change; the record is less clear in the general consumer or household arena.
Organizations do this by developing strategies that overcome the barriers to
efficiency investments and behaviors that many organizations contain.
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A traditional economics viewmight suggest that employees are lessmotivated
to save energy at work than at home, because the monetary rewards are less direct
atwork.However, leading organizations havemade energy performance a priority
for everyone, connecting individuals’ success in saving energy with the organ-
ization’s success. They are also moving beyond extrinsic monetary rewards, and
are finding ways to tap their employees’ intrinsic motivations to reduce pollution,
improve productivity, and innovate. They are finding that many employees, when
invited to make a difference in this way, respond with creative and energetic
solutions that deliver substantial savings in energy and other resources.

This chapter focuses on organizational behavior, distinct from household or
individual behavior, as the most promising means for realizing significant near
term reductions in energy use and greenhouse gas (GHG) emissions. It surveys
field experience from behavior-change driven efficiency programs, reviews the
limited research literature in the field, and describes in more depth the expe-
rience of specific organizations and program models.

The chapter consists of the following sections:

l An overview of U.S. nonresidential energy usage, with the primary focus on
variables that affect measured energy performance. It shows in various ways
that traditional technical factors, such as age or efficiency technologies, are
not correlated with measured energy performance.

l The record on behavior-based energy savings programs, with the primary
focus on building retro-commissioning (RCx) and related studies, which
tend to show that substantial energy savings are available from building oper-
ations, and that the quality of building management and operations is more
strongly correlated with energy performance than is the presence of energy
efficiency technologiesda surprising finding with important implications.

l Research and analytical underpinnings of energy use and energy perfor-
mance, with the main focus on studies and experience that attempts to
explain how occupant and organizational behavior can best affect energy
use and support improved energy performance.

l Examples of leading corporate energy efficiency strategies that make exten-
sive use of behavior-based efficiency measures, including selected case
studies from IBM, Toyota, and PepsiCo.

l An approach to behavior-based energy savings in university settings using
a performance contracting business model, with measured results.

l A look forward at how behavior-based energy efficiency strategies in orga-
nizations can lead to dramatically-lower energy use and carbon emissions
over the longer term.

l A conclusions section.

2. OVERVIEW OF U.S. NONRESIDENTIAL ENERGY USAGE

We use the term “nonresidential” in this chapter because we are shifting the
focus from the building level or the end-use level, which have traditionally
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driven U.S. data collection and analysis efforts, to the organizational level.
In the U.S. today, organizations are becoming larger and more diverse, so
attempting to understand and control energy use based on building type or
end-use is less important than understanding how organizations can measure
and manage performance across a wide range of building types and end uses.
A company like IBM, for example, developed in the twentieth century as
a manufacturer of adding machines, then mainframe computers. In the twenty-
first century, its manufacturing operations account for only 20% of its energy
use; 47% is consumed in buildings, and 33% in data centers.

Shifting the focus to the organization from the building type or end-use
technology has the effect of shifting the analysis and the action emphasis from
specific technology solutions to broader management methods and operational
solutions. This is appropriate because U.S. national survey data show that the
ways buildings are operated and managed has a stronger effect on energy
performance than age, technology, or other factors that engineering-based
analyses typically considerda surprising and highly significant finding.

A review of the Commercial Buildings Energy Consumption Survey
(CBECS) data shows a number of counter-intuitive findings. While building
type accounts for the greatest variability in Energy Use Index (EUI) values1

(Table 1), other factors one might expect to explain differences in energy
consumption do not bear out such expectations.

Table 1 shows not only that energy use per square foot varies by as much as
sixfold between building types, but also that what CBECS calls “commercial”
space is actually more than one-third public or nonprofit-occupied space.
Education, health care, houses of worship, public assembly, and government
operations account for at least one-third of buildings that are generically called
commercial.

CBECS data refute the notion that buildings are getting better from an
energy efficiency perspective as we construct newer buildings incorporating
more efficient designs. Figure 1 shows that buildings built since 1990 use more
energy per square foot than those built before 1920. One might counter with the
argument that pre-1920 buildings may lack modern energy systems such as
central air-conditioningdyet buildings built in the 1990s use as much energy as
those built in the 1960s. The year 1970 is considered a tipping point in envi-
ronmental awareness and energy efficiency design: Yet, if we compare the
average EUI for all buildings built before 1970 with those built since, the newer
buildings use 7% more energy than the older ones.

The argument could be made that older buildings can be made more effi-
cient through renovationdindeed, one would expect that lighting, mechanical
equipment, and envelope components would become more efficient as older

1. The Energy Use Index (EIU) is measured at total BTU of energy consumption at the building

site, per square foot of conditioned floor space. EUI is a widely used metric for building energy

performance.
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TABLE 1 U.S. Commercial Building Stock by Building Type

Principal

Building

Activity

Number of

Buildings Floorspace

Sum of Major

Fuels

Energy

Use Index

(thousand) (million square feet) (Trillion BTU) (BTU/SF)

Education 386 9,874 820 83,046

Food Sales 226 1,255 251 200,000

Food Service 297 1,654 427 258,162

Health Care 129 3,163 594 187,796

Inpatient 8 1,905 475 249,344

Outpatient 121 1,258 119 94,595

Lodging 142 5,096 510 100,078

Retail (Other
Than Mall)

443 4,317 319 73,894

Office 824 12,208 1,134 92,890

Public Assembly 277 3,939 370 93,932

Public Order
and Safety

71 1,090 126 115,596

Religious
Worship

370 3,754 163 43,420

Service 622 4,050 312 77,037

Warehouse
and Storage

597 10,078 456 45,247

Other 79 1,738 286 164,557

Vacant 182 2,567 54 21,036

Percent Floor
Area in Non-
Commercial
Uses

33.7%

Percent Energy
Use in Non-
Commercial
Uses

35.6%

Ratio of Highest
to Lowest EUI

6

Source: EIA (2003).
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components and systems are replaced. Yet CBECS data again show an opposite
pattern. As shown in Table 2, buildings built before 1980 that have since been
renovated use 25% more energy than similar-vintage buildings with no reno-
vations. Buildings with specific energy system renovations, such as HVAC or
lighting, use 35% and 33% more energy, respectively, than similar buildings
with no renovations. Moreover, the average EUI for all buildings built since
1980 is 15% higher than that for older buildings. These trends are con-
foundingdone would expect older buildings with upgraded lighting or HVAC
to be more efficient than those without upgrades. Yet the data show a dramat-
ically opposite picture. The clear inference is that energy technology upgrades
overall do not produce improvement in energy performance, and in fact appear
to increase energy use indices substantially.

CBECS’ rich data set allows a still deeper examination of the effects of
efficiency technologies in building energy use. Table 3 compares the EUIs of
buildings containing various mechanical, envelope, and lighting efficiency
features with the EUIs of buildings in which equipment usage is reduced when
the building is not in use. Comparing the average EUIs of buildings with
efficiency features against those of buildings with usage reduction shows that
buildings with efficient technology features use 26%e31% more energy than
those applying usage-reduction methods. While the data categories in this table
may overlap, and thus the EUI differences may not be as pronounced as the
table indicates, Table 3 nonetheless adds to the evidence that the presence of
energy efficiency technology does not by itself predict building energy
performance.

The CBECS data do not provide explanations for these counter-intuitive
results. One could hypothesize that newer buildings are “over-designed,” with
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more energy services provided per square foot. For example, older buildings
may lack central air-conditioning, and so spaces may be cooled through small,
packaged units that serve only part of the conditioned space. This could result
in less energy used for air-conditioning for the building as a whole. One could
also posit that newer buildings are used more intensively, with more people and
equipment per square foot, and more hours of use in a given period. However,
the available data do not provide clear explanation along these lines. This does
suggest, however, as indicated in Table 3, that operating practices can influence
EUI-measured performance more strongly than the presence of a given set of
efficiency technologies.

TABLE 2 Energy Use Indices and Renovations of Older Buildings

Number of

Buildings Floorspace

Sum of

Major Fuels

Energy Use

Index

Renovations in
Buildings Built
before 1980

(thousand) (million
square feet)

(Trillion BTU) (BTU/SF)

Any Type of
Renovation Since
1980

1,018 17,844 1,766 98,969

Addition or Annex 256 6,551 733 111,891

Reduction In
Floorspace

22 1,012 117 115,613

Wall or Roof
Replacement

370 8,070 777 96,283

HVAC Equipment
Upgrade

442 10,768 1,156 107,355

Lighting Upgrade 455 10,275 1,085 105,596

Window
Replacement

310 6,354 613 96,475

Insulation Upgrade 227 4,015 381 94,894

Other Renovation 19 523 50 95,602

No Renovations
Since 1980

1,710 18,714 1,482 79,192

Building Newer
than 1980

1,917 28,225 2,573 91,160

Source: EIA (2003).
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TABLE 3 Energy Use Indices of Buildings with Efficiency Technologies

vs. Buildings with Usage Management Strategies

HVAC Conservation

Features

Number of

Buildings

(thousand)

Floorspace

(million

square feet)

Sum of

Major Fuels

(Trillion BTU)

Energy Use

Index

(BTU/SF)

Variable Air-Volume
System

466 19,597 2,380 121,447

Economizer Cycle 508 21,108 2,589 122,655

HVAC Maintenance 2,581 51,163 5,170 101,050

Energy Mgmt System
(EMCS)

252 15,630 1,782 114,012

Building Envelope and
Lighting

Average 26,875 2,980 110,895

Multipaned Windows 2,201 38,910 3,929 100,977

Tinted Window Glass 1,323 29,887 3,098 103,657

Reflective Window Glass 308 8,544 927 108,497

External Overhangs or
Awnings

1,233 17,242 1,737 100,742

Skylights or Atriums 331 12,546 1,307 104,177

Daylighting Sensors 74 2,868 377 131,450

Specular Reflectors 928 26,118 2,829 108,316

Electronic Ballasts 2,577 46,882 4,746 101,233

EMCS For Lighting 60 4,781 538 112,529

Equipment Usage
Reduced When
Building Not in Use

Average 23,011 2,456 106,749

Heating 2,878 42,722 3,740 87,543

Cooling 2,761 43,205 3,844 88,971

Lighting 3,685 46,987 3,818 81,257

Office Equipment 1,504 19,397 1,465 75,527

Average 38,078 3,217 84,478

Source: EIA (2003).
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These empirical results do not suggest that energy efficiency technologies
are not necessary or not effective in improving building energy performance.
They suggest, rather, that efficiency technologies may be necessary to enable
energy performance, but they are not sufficient to deliver measured energy
performance over time. In other words, it may be the ways in which building
occupants and managers operate the facilities that determine measured energy
performance, more than the nominal efficiency characteristics of specific
technologies or components. The authors draw the inference that both are
neededdsound design, efficient technology, and effective operation and
management of the building. We also infer that the last of thesedthe effec-
tiveness of building operation and managementdis more salient in predicting
measured energy performance. That is, an efficient building can be poorly
managed and use too much energy, while an average-efficiency building, if
managed well, can achieve above-average energy performance.

This review of macro-level nonresidential building energy-use data sets the
stage for the remainder of the chapter, which focuses more specifically on
analyses and case studies that illustrate the effects of superior energy manage-
ment practices in producing significant energy performance improvements.

3. THE RECORD ON OCCUPANT/OPERATOR BEHAVIOR
AND ENERGY USE IN ORGANIZATIONS

In more than three decades since the energy crises of the 1970s first made energy
efficiency an organizational priority, the role of occupant and operator behavior
has come to light in various forms. The federal Institutional Conservation
Program, which gave grants to schools and hospitals for energy efficiency
retrofits, completed its first evaluation in 1983. That analysis, based on 200 site
visits, found that institutions that were rated best in the quality of their energy
managers experienced average energy savings of 20%, while grantees with less-
stellar energy managers averaged 9% savings. Similarly, institutions that were
observed to be regularly following efficiency operations and maintenance
procedures that were recommended in their energy audits saved an average of
16%, compared with 3% for grantees that were not supporting the recommended
operation and maintenance (O&M) procedures (Synectics, 1983).2

More recently, behavior-based school energy efficiency programs have
evolved into more concerted efforts. The Alliance to Save Energy’s Green
Schools program, for example, working with multiple California school
districts, achieved savings of as much as 30% simply by managing energy use
with sustained focus (Alliance to Save Energy, 2009). By engaging students,
teachers, administrators, and custodians in a coordinated effort, Green Schools
can reshape energy use patterns dramatically. At one school, in addition to

2. The Synectics Group. (1983). An evaluation of the Institutional Conservation Program: Results

of on-site analyses, final report. Prepared for the U.S. Department of Energy.
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unplugging and shutting down electronic devices at the end of the day, the
custodians placed green reminder tags on any devices left on to remind teachers
and students to shut them off later, turned air-conditioning systems off at the
end of the day, and installed timers on outdoor lights to avoid unnecessary use.

The rapidly-growing field of RCx emphasizes tuning up building systems
to run more efficiently, training operators and occupants to follow better O&M
practices, and developing monitoring and reporting systems to keep building
energy performance on track. Capital investments are typically small portions
of RCx effortsdthe majority of the analysis and implemented measures
consist of adjustments to existing equipment, and changes in the way
equipment is operated and maintained. Studies have found savings in the
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FIGURE 2 Scope of Retro-Commissioning Projects. Source: Mills et al. (2004).
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range of 5%e15% (PECI, 2007; Mills et al., 2004), though leading practi-
tioners’ experience indicates that savings of over 20% are achievable through
thorough analysis and aggressive implementation (PECI, 2007). One recent
meta-review of RCx programs found that savings ranged from 3% to 36% of
annual kWh. The combined savings for the programs reviewed in this analysis
average 7% (PECI, 2007). Another review of 106 specific RCx projects found
an average savings of 19% of total building consumption, though the top
quartile of projects saved 29% (Mills et al., 2004). These projects cost an
average of 41 cents per square foot, and produced average annual energy
savings of 42 cents per square foot, for a typical simple payback of just under
one year.

Figure 2 illustrates the kinds of activities that go into typical RCx projects.
Note that the least-frequent activity is shown as “Implement capital improve-
ments.” Less than 10% of RCx projects involved capital improvements in this
review, compared to over 90% that reported “Implement O&M improvements.”
This figure shows that while commissioning can lead to technology improve-
ments, the great bulk of its efforts result in O&M measures.

4. RESEARCH AND ANALYTICAL UNDERPINNINGS
OF BEHAVIOR-BASED EFFICIENCY

This section reviews a selection of the literature and analytical work in the
area of behavior and its effects on energy use, and on energy efficiency
program design. It includes a review of organizational barriers to energy
efficiency, and also touches on research and organizational experience in the
area of motivation, to get a sense of how organizations can use motivational
approaches to supporting energy-saving behavior, at the individual, team, and
organizational levels.

4.1. Organizational Barriers to Energy Efficiency

The energy research field has produced extensive analyses of market barriers to
energy efficiency investment, and to changes in building occupant behavior
(IEA, 2007). Most of this work has focused either on broad market barriers
between different market participants, for example, between home builders and
home buyers, or on cognitive/behavioral factors affecting individuals, such as
risk perception. Less work has been done on the barriers that exist within
organizations, but barriers have been observed inside organizations that are
analogous to those found to exist in generalized market situations. To examine
barriers within organizations, one must step away from the classical economic
view that firms, like individuals, are assumed to act in monolithic and
completely rational fashion.

One of the most plausible intra-organizational barriers is a form of the
principaleagent problem acknowledged by classical economics. This barrier
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involves an agent that makes decisions on the energy efficiency of a piece of
equipment at purchase, or on the operational efficiency of a facility or energy-
using system. The agent “should” be acting in the rational interest of the
principal, defined as the person or entity that has the most direct interest in
saving energy. In generalized markets, an agent could be a home builder, or
a rental property owner, and the principal could be a home buyer or an apart-
ment renter who pays the energy bill. Within an organization, classical theory
might assume that all parties would act in the firm’s rational interest, which
would be minimizing life-cycle costs of energy systems.

However, an examination of the characteristics of organizations in practice
reveals glaring principaleagent problems. For example, facility operators may
want efficient equipment and operations, but procurement departments may use
lowest-bid buying policies that do not select efficient models. Or facility
managers may be called up to operate their buildings efficiently, but may see no
direct benefit from so doing if energy bills are paid by another department.

Organizations resolve these barriers through policies and information
systems that align the interests of different actors within the organization.
While organizational change across an entire economy is slow and uneven,
leading organizations as illustrated in this chapter are breaking through these
barriers. Procurement policies, for example, may be changed to specify high-
efficiency criteria or otherwise take operating as well as capital costs into
account; individuals’ performance goals and reward systems are aligned with
their facilities’ energy performance. Information systems are established that
collect, track, and report energy performance, and create feedback and
accountability loops that reinforce actions to improve performance. The Pew
Center report on best practices in corporate energy efficiency describes these
systems in detail (Pew, 2010).

4.2. Literature Review of Behavioral Factors

The research literature on behavioral factors in building energy use, compared
to the extensive body of research, analysis, and program experience centered on
technological factors, is quite limited. Nonetheless, some recent trends indicate
a rapidly rising focus on behavior as distinct from technology as a factor in
energy use in buildings. The California Institute for Energy Efficiency (CIEE)
has launched an ambitious series of research papers under the heading of
“Energy Behavior and Decision-Making.” CIEE’s recent work has been driven
in part by the state of California’s commitment to dramatic reductions in carbon
emissions under its AB 32 legislative mandate. While California has supported
some of the world’s most aggressive building energy efficiency policies,
planners recognize that to realize AB 32’s goals, behavior changes as well as
technology improvements will be needed.

CIEE has recently issued a number of white papers on the topics related to
behavioral factors in program and policy design. Two of these (Lutzenheiser,
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2009 and Sullivan, 2009) focus on the residential and nonresidential issues.
Both papers begin by defining and critiquing the “physical-technical-
economic-model” (PTEM) paradigm that underlies traditional energy effi-
ciency program design. In the PTEM paradigm, consumer behavior and choice
are seen as instrumental, rational, anddmost importantlydsecondary to the
physical devices that are seen as the actual users of energy. In this paradigm,
energy efficiency programs seek to substitute efficient devices as technical
solutions, providing equivalent “energy services” like lighting or comfort at
lower levels of energy use that result in reduced economic costs. Energy effi-
ciency solutions in this paradigm are based on the “correct” technical/economic
choice, in which energy users make physical changes in their energy devices
that reduce energy consumption.

This research explores alternative paradigms that could better explain the
ways in which people use energy, drawing on behavioral economics, cultural
anthropology, and sociology disciplines. It shows how the extreme variability in
real-world energy use can be associated with consumer demographics, cultural
backgrounds, and local social influences. They posit that most energy-using
behavior is governed by unconscious habitual actions and routines. For
example, someone may stand in front of an open refrigerator door, thinking
only of where to find a particular food item, not of the energy use impacts of
holding the door open.

The CIEE research also points out that energy use is rarely individual in
nature, but is more often performed in groups living together. For example,
thermostat settings are often a function of compromise among household
members, or lighting consumption is a function of how many people are using
lights in various rooms. In addition, human action is culturally determi-
neddthat is, behaviors, devices, and buildings have wider meanings to persons
and groups, beyond their energy use attributes. These alternative paradigms
suggest that energy efficiency policies and programs should focus as much on
energy services as on physical devices, on the hypothesis that the energy
“service” a user wants is not a fixed phenomenon, but is socially defined and
maintained.3

In this socially-determined framework of energy service demands, the
level of energy services can be reshaped to reduce the demand for energy. For
example, in the U.S., building simulation models typically assume that every
cubic foot of space is uniformly conditioned to well-established temperature
levels and airflow volumes. But in other countries, such as Japan, central
heating and cooling has not been a traditional building design or lifestyle
practice. Comfort conditioning is often provided only in certain spaces, and
there may be no common assumption of what constitutes a “comfortable” air
temperature. Today’s sensing and control technology can provide this kind of

3. This book’s Chapter 3 by Bartiaux et al. discusses the social, cultural, and anthropological

underpinnings of energy use.
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adaptive comfort, delivering lighting, airflow, and temperature to specific
spaces only as needed. Many people leave lights on in unoccupied areas,
under the incorrect, culturally transmitted assumption that turning lights off
and on increases energy use. Correcting that cultural misapprehension, and
possibly automating it with sensors, can dramatically reduce lighting
consumption.

4.3. Analytical Work on Simulation of Behavioral Effects

The research on socially-determined energy consumption is so new that it is
mostly heuristic, and has spent more time deconstructing the PTEM paradigm
than in building new ones to the point of being ready for incorporation in field
programs. However, some work has been done on behavioral impacts in the
realm of building simulation modeling. Dean et al. (2006), for example,
published a paper on the creation of an Occupant Energy Index (OEI), using
a 0e100 scale based on a statistical average set of operating conditions. By
varying assumptions about thermostat settings, and usage patterns of lights
and appliances, the authors simulated a series of cases for typical prototype
homes in cold and warm climates. They found that, as one might expect,
thermostat settings could account for variations of 40%e50% in total annual
energy use. They used standard setpoints of 68�F in winter and 78�F for the
reference case, 74-winter and 72-summer for a “constant comfort” case, and
62-winter and 84-summer for a “maximum conservation” case. The constant-
comfort case increased energy used by 23%e30%, while the maximum
conservation case reduces it by 17%e20%. The authors conclude it could be
straightforward to use these simple behavioral factors to simulate energy
savings impacts of behavior changes, and to create a rating scale for building
operation that parallels the more traditional rating scale based on physical
characteristics.

4.4. Advances in Motivational Research and Practice

A new development in motivation theory is emerging, with particular appli-
cability in the organizational world. Summarized and popularized in Pink
(2009), the generic term used for it is intrinsic motivation. Psychology
researchers have long operated in a paradigm that entertained only two general
types of motivation: biological and extrinsic. Biological motivation drives us to
find enough to eat, stay warm, reproduce, and so on. To motivate us to do more
than the minimum, theorists have long held that extrinsic rewards, most often
monetary, are necessary. Yet a growing body of research indicates that for
complex tasks and those requiring creativity and perseverance, intrinsic moti-
vation can be more effective in achieving and sustaining success.

This intrinsic motivation factor is beginning to appear in large organiza-
tions’ energy efficiency and sustainability programs. In the Pew Center on
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Global Climate Change’s recent report on best practices in corporate energy
management (Pew, 2010), respondents to the project survey reported that one of
their biggest surprises in mounting their programs was the enthusiasm and
creativity with which employees responded to the program. A sample of
verbatim responses includes the following:

“Our biggest surprise was the broad employee interest in energy and environmental

action.”

Cummins Inc.

“The backbone of our strategy is employee engagement. Without that even the best

capital projects can fail.”

Citi

“There is a wealth of creative ideas at every level of the organization. All we need to do

is provide opportunities for those ideas to surface and grow.”

PepsiCo

“It is important that teams on the ground feel empowered to implement initiatives, and

are given the support and resources to take initiative on their own.”

News Corporation

“An increasing number of employees are starting to care passionately about the Group’s

energy and GHG performance.”

Rio Tinto

These examples illustrate the phenomenon of resonance, an emerging
concept in the organizational development field that refers to states of
increased morale, energy, and productivity in organizational settings. People
working in resonant organizations are more motivated, more connected to the
mission, more interested in focusing their talents on collective goals. As an
example, PepsiCo began holding Sustainability Summits, bringing together
hundreds of employees and suppliers from around the globe to share and
apply concrete ideas. Drawing on landmark analytical work such as the
worlds’ first full-product-cycle carbon label for its Walkers Crisps brand,
PepsiCo people were encouraged to think “outside the box.” In their largest
Asian division, for example, they began by looking at boiler efficiency, but
soon began to examine boiler fuels as well. This led them to shift from
imported fossil fuels to local rice-hull sources for fuel. The boiler upgrades
not only increased efficiency, they reduced fuel purchase costs, and reduced
reliability risks by using locally-grown fuels not subject to global price
volatility or supply vulnerabilities.

To date, analytical methods have not been developed for quantifying the
energy and carbon impacts of innovative, behavior-based solutions beyond the
incremental PTEM solutions that form the basis of most energy efficiency
potential studies. These studies typically look at discrete, incremental tech-
nology substitutions device by device and end-use by end-use. But they don’t
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capture synergies beyond the incremental.4 More to the point, they don’t
capture the potential for energy performance improvement that could flow from
organizational efforts to more actively manage consumption, and to continu-
ously look for improvements across multiple performance indicators.

4.5. Redefining “Energy Services”

Conventional energy efficiency analyses also use standard definitions for
energy services. For example, they define “comfort” as maintaining air
temperatures and humidity levels within specified ranges, on a continuous
basis, for every cubic foot of space in a given building. “Lighting,” likewise, is
typically defined by engineering standards based on uniform illuminance levels
for an entire space. However, comparable levels of comfort can be achieved in
a wider range of nominal air temperature/humidity combinations, based on the
thermal performance of the building shell and on the culturally-determined
expectations. Lighting can also be designed on a task basis such that general
illumination levels can be much lower. Occupancy-based comfort and lighting
systems can provide variable levels of comfort/lighting to different spaces/tasks
at only the levels and times they are needed. As the CBECS data indicate,
altering the level of energy services provided during unoccupied hours can
dramatically reduce energy use.

This new set of views on motivation and the definition of energy services
could drive a new wave of energy use reductions, by going beyond traditional
incremental efficiency analysis to examine underlying assumptions about
energy service demands. The combined effects of using motivational strategies
to manage energy more actively, redefine energy service demands, and apply
advanced technologies to serve those redefined energy service demands more
efficiently could drive radically lower levels of energy consumption.

5. LEADING ENERGY EFFICIENCY STRATEGIES
IN THE CORPORATE WORLD

Leading corporations have begun to act on reducing their energy and carbon
footprints. Corporate sustainability programs have spread rapidly in the past
decade, and as they conduct environmental footprinting analyses, companies
are radically rethinking the importance of their energy use. A survey of 48
leading companies, including heavy manufacturers, auto manufacturers,
computer and chip makers, financial institutions, and apparel companies,
found that while corporate energy use accounted for less than 5% of revenues
on average, it accounted for the great majority of companies’ carbon footprint

4. For example, the traditional PTEM approach would tend not to examine radical building shell

improvements that dramatically downsize or eliminate HVAC system components, which in turn

reduces total capital costs and energy use, beyond any results that would flow from a parametric,

incremental analysis.
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(Pew, 2010). This realization brought home in a concrete way the emerging
perception among corporate leaders that the era of cheap energy and free
GHG emissions is over, and that they face an era of carbon-constrained energy
markets. It shifted energy in the eyes of chief executives from a minor cost
issue to a major environmental and sustainability issue. As reported in the
survey results, reducing carbon emissions was the top reason for companies’
launching their efficiency strategies. Moreover, the survey reported that CEOs
were the most important champions for the success of companies’ efficiency
efforts.

The recent Pew Center report on corporate energy management has docu-
mented the actions leading companies have taken to drive down their energy
use as part of energy efficiency and GHG mitigation strategies. Through
surveying dozens of companies and conducting in-depth case studies on six,
this project distilled what it terms the Seven Habits of Highly-Efficient
Companies. These are:

1. Efficiency is a core strategydFor companies with leading strategies,
energy efficiency is an integral part of corporate strategic planning and
risk assessment. It is not treated like just another cost management issue,
or as a sustainability “hoop” to jump through. It has become part of an ethos
and a corporate culture in which energy efficiency is essential to a thriving
enterprise in the twenty-first century.

2. Leadership and organizational support is real and sustaineddWhen
energy efficiency is really a core part of the organization, its leaders can
talk about it without notes. Beyond what CEOs and other leaders say in
speeches, leadership commitment to efficiency shows up in many forms,
in multiple media, and such communications are frequent and prominent,
inside the company and out.

3. The company has SMART energy efficiency goalsdSMART is a well-
known acronym for Specific, Measurable, Accountable, Realistic, and
Time-bound, and has been used in mission and goal-setting exercises for
years. What makes the SMART concept specific and unique to energy effi-
ciency strategies is that goals are:
l Organization-wide
l Translated into operating/business unit goals
l Specific enough to be measured
l Have specific target dates
l Linked to action plans for achieving them in all business units
l Updated and strengthened over time

4. The strategy relies on a robust tracking and performance measurement
systemdThe adage that “you can only manage what you measure” applies
to energy efficiency strategies as much as any critical cost factor or perfor-
mance indicator. Creating an effective energy tracking and performance
system requires collecting a lot of data from a lot of different and sometimes
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disparate sources, and often bridging the disconnects between organization
units. In an exemplary system:
l Data are collected regularly from all business units
l Data are normalized and baselined
l Data collection and reporting is as “granular” as possible
l The system tracks performance against goals in a regular reporting cycle
l The system includes feedback mechanisms that support corrective

action
l Performance data are effectively visible to senior management
l Energy performance data are broadly shared, internally and externally
l The system is linked to a commitment to continuous improvement

5. The organization puts substantial and sustained resources into
efficiencydAny effective effort in an organization requires resourcesd
people, capital, systems, and so on. The leading companies in this field,
however, have not necessarily relied primarily on capital investments to
drive energy efficiency results, but rather have obtained substantial savings
through operational practice changes and moderate-cost technologies. The
three key ways in which leading companies invest resources in their effi-
ciency strategies are:
l The energy manager/team has adequate operating resources
l Business leaders find capital to fund projects
l Companies invest in human capital

6. The energy efficiency strategy shows demonstrated resultsdThe
leading companies in the Pew study not only conceived and launched their
strategies, they followed through with operational changes and capital
projects, and captured the results through their energy performance
measurement systems. The key features of leading programs in this respect
include:
l The company met or beat its energy performance goal
l Successful energy innovators are rewarded and recognized
l Resources are sustained over a multiyear period

7. The company communicates energy efficiency resultsdThe best compa-
nies in this field make energy efficiency a living part of their story; they
place efficiency successes prominently in both internal and external
communications. Energy efficiency becomes a part of the story the
company tells about itself, part of its identity and its culture. The best
programs include both an internal communications plan that raises aware-
ness and engages employees, and external efforts that document commit-
ments and successes.

Figure 3 illustrates the Seven Habits, predominantly behavioral in nature;
they describe how the organization behaves, organizes and acts on data,
communicates internally and externally, and creates goals and rewards. Perhaps
surprisingly, in only a few places do capital investment and technology
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improvements become central to the successful implementation of energy
efficiency strategies.

The Pew study involved 48 survey respondents, and six case study partic-
ipants. The subsections that follow highlight some aspects of the six case
studies included in the Pew Center report, emphasizing the behavior-oriented
approaches these companies are taking, on the operational level as well as the
strategic level.

The examples below focus on relatively short-term results, and somay seem to
show less-than-dramatic results. To illustrate what can happen when these
practices are sustained over more than a decade, however, the United Technol-
ogies case study documents savings accumulated over 14 years. In 1996, the
company set a goal of reducing energy used per dollar of revenue 25% by 2006.
By 2001, it had already met this goal, and so reset it at 40%. By the target date of
2006, actual savings were 53% per dollar of revenuedwell beyond the revised
40% targetdand had reduced absolute energy use by 19%. Based on this expe-
rience, the company set a new goal of 12% carbon emission reduction target by
2012dbut this time in absolute terms, not normalized by revenue. As of 2010, the
company had already reached this goaldwith the cumulative effect of reducing its
carbon emissions by some 30% while more than doubling its revenue. Without
going into the details of its practices, which are similar to those described in the
three examples below, United Technologies’ experience illustrates the deep
impacts that can be attained through concerted effort over an extended period.

5.1. Corporate Case Study: IBM

IBM’s popular image is typically associated with technologydcomputers and
information systems. Yet less than 20% of the company’s 2008 revenues came

FIGURE 3 The Seven Habits of Highly-Efficient Companies. Source: Pew (2010).
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from hardware sales; most of its customer offerings consisting of various
integrated solutions involving services, software, and hardware. And while
IBM still makes semiconductors and other electronics components and prod-
ucts, it has only three major production facilities out of 1100 facilities
worldwide. Most of its energy efficiency strategy thus focuses less on
manufacturing technology investments than on more basic operation
improvements in its far-flung real estate operations. In the new corporate
efficiency program launched in 2006, behavior change is a major focus.
Examples include:

l Vacuum pump schedulingdIn its clean-room semiconductor
manufacturing operations, the traditional practice has been to run equip-
ment continuously, under the assumption that quality control and produc-
tivity required it. In this spirit, the company kept vacuum pumps for
cleaning running 24/7. Looking closer at this operation, the plant energy
staff asked the production staff when the equipment was actually used;
this resulted in an 86% reduction in runtime and energy use for these pumps.

l O&M checklistsdBecause of the large number of facilities IBM manages,
and because most of them have similar lighting, HVAC, and other energy
systems, it drives energy performance at a large fraction of facilities mainly
by developing simple checklists, that typical facility staff can understand,
and asking facility managers to verify that these procedures have been
followed as part of the IBM monthly energy reporting system.

l Continuous commissioningdFor its largest 24 facilities, IBM maintains
a “granular” monitoring system that provides operating data and control
capabilities for lots of specific equipment and systems. The system can
also produce graphic summaries and comparative analyses that help the
energy team detect anomalies down to individual pieces of equipment.
For example, it enabled them to detect a boiler with malfunctioning controls
that came on every day at 6 A.M.deasily fixed with little or no cost. This
system has enabled many such no-cost energy performance improvements.

IBM set a goal for its program of achieving energy savings equal to 3.5% of
previous year energy use, company-wide annually from 2006 to 2010. In 2008,
using the kinds of improvements described above and others, the company
achieved savings exceeding 6%. This amounted to more than $30 million in
energy bill savings, and the company spent less than $9 million on efficiency
investment, providing a simple payback of 3e4 months. Only a behavior-
driven program could achieve that kind of cost-effectiveness.

5.2. Corporate Case Study: Toyota

Toyota is known for its fuel-efficient vehicles like the Prius hybrid, but it also
strives to be the most energy-efficient automaker in the world, to support its
sustainability goals and also to remain competitive in world automobile
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markets. Being a major manufacturer, one would think that its goal would be
realized mainly through technology investment. But while Toyota does upgrade
equipment, like the air compressors that drive many of the tools in its
production shops, it focuses equally if not more intently on reducing wasted
energy in plant operations. For example:

l Compressed air shutdowndWorking closely with its production shop
teams, the energy management organization provides data, down to the
one-minute level, on compressed air operations. As a result, crews now
shut off their tools at every break and at the end of every shift.

l Treasure huntsdInstead of energy audits, which have a negative conno-
tation that implies wrongdoing, Toyota calls its plant assessments “trea-
sure hunts.” Much of the focus of these events are on operating
efficiency, not technology efficiency. Treasure hunt teams composed of
peers from other plants typically arrive on a Sunday, and check for equip-
ment that is left on. They then observe Monday’s first and second shift
operations, and present a report to plant management and shop captains
on Tuesday.

l Race for the greenestdToyota has evolved ways to encourage energy-
saving behavior. In its Kentucky plant, every month there is a meeting of
shop captains and plant staff, around a large magnetic board shaped like
a racetrack. Each shop is represented on the board by a miniature vehicle.
As the energy team leader reads off the month’s performance results,
production teams’ cars advance or fall back on the track. Conducted with
humor and accompanied by other rewards, this “race for the greenest”
has become part of the company culture, driving attention and action that
changes behavior.

One might ask what rewards are provided for such performance improve-
ments. This is where the Toyota Kaizen culture proves to be a subtle but
powerful asset. Kaizen is a culture in which each individual is responsible for
taking responsibility for continuously improving their job, whatever it may be.
This continuous-improvement ethic, combined with data and technical assis-
tance, can lead to dramatic savings over time. Toyota also applies the Kaizen
ethic in a collective and practical way, by creating a companywide database
of energy and other technical innovations. These database entries, called
“Kaizens,” are available to all company personnel. So beyond establishing
individual responsibility, Toyota encourages idea-sharing and collaboration.

Toyota’s energy management program set a goal in 2002 to reduce the
energy used to produce a vehicle by 30% by 2011. It met that goal in 2007,
driving consumption down from over 9 million BTUs per vehicle to 6.3 million.
Much of that success came from the behavior-driven improvements illustrated
above.

While these behavior-based methods of continuous improvement are the
core of Toyota’s day-to-day efficiency strategy, they are part of a larger
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framework of sustainability goals leading to a zero-emissions manufacturing
environment. Figure 4 illustrates this longer-term goal. Note that two of the
four foundational “blocks” in this figure are “Energy Reduction” and “Energy
Conservation,” and are based largely on improving operational performance.
By driving down energy requirements to the minimum, Toyota sees these
elements as critical to making a zero-emissions plant feasible; if energy needs
are low enough, some combination of solar, green power, biofuels, and other
low-emission supply technologies may be able to serve the plant’s energy needs
affordably.

5.3. Corporate Case Study: PepsiCo

PepsiCo exemplifies the paradigm shift described above as “getting out of the
energy box.” In the first wave of corporate energy management beginning in the
1970s, energy was a cost factor that had leaped into prominence by the

FIGURE 4 Toyota’s “Ultimate Eco-Factory. Source: Pew (2010).
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combination of oil price shocks and electricity rate shocks of that era. Orga-
nizations’ responses in that timeframe took a traditional, engineering-based
route: assess and improve the efficiency of facility energy systems. Given
historically low energy prices to that point, this straightforward approach found
lots of savings. But because energy was seen as an isolated issue, energy
engineers rarely went “outside the boiler room” to redesign operations or
processes in a more fundamental way, or to engage people across many
organizational functions.

The recent wave of efficiency strategies is driven by much broader forces.
Companies doing carbon footprinting are realizing that while energy accounts
for a small fraction of revenues (less than 5% in the Pew survey), it accounts for
the majority of the company’s carbon footprint, and thus shifts from a minor
issue to a major issue. Sustainability and corporate social responsibility efforts
have begun to zero in on climate change as a priority, and thus have elevated
energy efficiency to a major corporate sustainability issue.

In PepsiCo’s case, this new focus on sustainability/carbon dioxide (CO2)
emissions gave energy efficiency powerful leverage across the organization, not
only in reducing energy use but in driving innovation and productivity gains in
other resource areas. Because PepsiCo owns 18 brands of food and beverage
products, energy and water were the two common-denominator resources for
which the companies set organization-wide performance goals and measure-
ment systems. But beyond setting the goals, they created Environmental
Sustainability Teams in all operating units, and empowered them to think
“outside the energy box” in meeting their goals.

This approach produced results that not only met the basic goals, but
generated other innovation and productivity gains. Two examples:

l Tortilla chipsdBeginning in Frito-Lay’s tortilla chip operation, the first
step was installing damper draft controls on the ovens. This reduced
heat loss, but also improved heat distribution and hence the quality of
the chips. The team then added heat recovery technology, further reducing
energy use, and increasing total throughput. So energy efficiency not only
reduced costs, but also improved product quality and total production.
These innovations stemmed from the energy and water savings goals,
which forced production staff to look at these resources across their
operations.

l Total sustainability innovationdAt an Arizona facility, the first sustain-
ability action was to treat wastewater and apply it to adjoining croplands to
grow alfalfa. The next wave was to upgrade treatment to the point that
water can be reused for plant supplies, freeing up cropland for renewable
energy production. This multiwave strategy reduced the plant’s depen-
dence on scarce water supplies, and its dependence on volatile energy
supplies, reducing fundamental business risks as well as energy and water
costs.
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PepsiCo’s energy strategy also exemplifies another powerful new trend in
large organizations: supply chain management. Like many diverse product
companies, PepsiCo uses contract manufacturers for much of its product
volume. In recent years it has asked major suppliers to report some of the same
energy and water data it requires of its internal operating units, using its
Measure Up online tracking system. It has also asked (and provided technical
assistance to) suppliers to engage them in energy efficiency programs like
ENERGY STAR Buildings and Plants programs. It has established a scorecard
system based on the percentage of suppliers engaged in such activities.

Supply chain strategies are potentially powerful in terms of total potential
impact. When Wal-Mart first calculated its carbon footprint, it found that 90%
lay in its supply chain. When PepsiCo conducted the Walkers’ Crisps life cycle
carbon labeling study, it found that 70% of the carbon footprint lay outside the
manufacturing process. Nike found that only 8% of its footprint came from
internal operations: 63% came from contract manufacturers and 26% from
shipping. As major organizations (and they need not be just corpo-
rationsdinstitutions like universities, hospitals, and governments can do the
same) focus on driving energy efficiency and other sustainability practices up
their supply chains, they can greatly magnify their impacts.

6. BEHAVIOR CHANGE IN A PERFORMANCE
CONTRACTING FRAMEWORK

Energy savings performance contracting is a turnkey service that provides
customers with a comprehensive set of energy efficiency and conservation
measures, with guarantees that the savings produced by the service will fund
the project. The energy service companies that provide performance con-
tracting have just recently begun to embrace behavior change as an energy
conservation measure, even though behavior-based measures can be very cost-
effective. This can be attributed in part to the difficulty in measuring and
verifying any energy savings derived through behavior change. Within an
organization, individuals’ energy consumption is most always measured at the
building level, sometimes only at the organization level, very different from the
residential sector. Adding to this level-of-analysis issue is the fact that the
organization’s buildings are often being retrofitted as the behavior change is
occurring within, augmenting measurement challenges. There are few estab-
lished and accepted metrics for assessing individual energy consumption,
regardless of residential or organizational environments. Compounding the
confusion, little research has been conducted on energy consumption behaviors
in an organizational setting. In sum, organizational energy consumption
behavior change programs often suffer because of their perceived “soft” or
nonexistent measurement and verification component. Hence, a behavior
change-based efficiency measure can be more difficult to “sell” within
a performance contract mechanism.
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6.1. Do We Need to Measure Behavioral Savings?

Measuring behavioral energy savings in a residential setting does not gener-
alize to measuring behavioral energy savings within an organization. This is
because there are significant differences between organizational and residential
energy consumption. For example, residential energy consumption is most
always examined at the individual or family level. However, organizational
energy conservation interventions aimed at reducing energy consumption may
impact at the individual, group, department, division, or organization level.
Hence, measuring organizational energy consuming behaviorsdand their
associated savings with any behavioral changedentails multiple levels of
analysis.

Another difference between residential and organizational settings involves
the technologies and the participatory decision-makingdor lack there-
ofdamong the individuals involved. Some technologies share similarities with
respect to installation and function in both settings, such as installing energy
efficient lighting, low-flow faucets, and water-saving toilets. But while the
technologies may be similar, the information that guides their use often is not.
Homeowners, because they typically pay for efficiency measures themselves,
can be expected to have some basic understanding of how the device functions
and its expected benefits, and can be expected to use the device effectively. By
contrast, organizational members may have little knowledge or instruction on
the use or benefits associated with newly installed devices. This lack of
information may lead to differing acceptance levels of efficient devices among
organizational users, resulting in nonuse, misuse, or other undesirable behav-
iors associated with any newly installed energy efficient technologies.

Perhaps more importantly, people in organizational settings often have no
feedback on their usage behavior related to energy conserving behaviors or
energy-efficient technologies, whereas residential users typically see some
feedback through their energy bills. In this way, individuals in organizational
settings are rarely directly accountable for energy costs. This lack of
accountability and feedback concerning organizational energy consumption
can enable or even encourage energy-wasting behaviors. Thus, a focus on “the
human dimension” of organizational energy consumption, distinct from
a technology-only perspective, is necessary to achieve zero-net energy
performance.

6.2. Defining Behavior Strategies that Work
in Universities and Colleges

As described above, Americans use more energy as organizations than as
households. This is especially true for universities, which incur energy
expenditures through at least two key groups: their employees, and the students
who reside on campus. This two-pronged impact strengthens the case for
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organization-level energy conservation programs in university settings, espe-
cially for resident students, who consume energy up to 168 hours a week during
school terms, while employees may only be on campus 40 hours a week.
Because students rarely pay energy costs directly, promoting energy conser-
vation behaviors in a university setting is fundamentally different than
promoting energy conservation behaviors in family residences.5 Accordingly,
we examine two different strategies to address a residential student energy
conservation program:

Target just three substantial energy-wasting behaviors, instead of many.
Change intrinsic motivations instead of using external rewards to achieve

behavior change. As described above, the emerging research on intrinsic
motivation shows great promise to drive energy-conserving behaviors.

Unlike students, families living in traditional single-family owned units
typically bear direct financial responsibility for their energy consumption. But
in organizational settings, until recently there has been little direct financial
responsibility for energy use, although the leading corporate case studies
described above indicate a hopeful trend toward changing this. Not surpris-
ingly, many students report a sense of entitlement to use as much energy as they
wish. This stems from a common perception that tuition, room, and board
covers all costs of running a university, including their utility consumption.
Fortunately, a majority of both university students and staff report that they are
willing to engage in environmentally-beneficial behaviors, but are often
confused or uninformed as to which specific conservation behaviors are actu-
ally beneficial, and how to pursue them on a practical daily basis.

Many existing programs use a “Top 10” approach, where ten, or more,
energy saving tips are put forth to effect behavior change. The issue is that
such tips have varying levels or magnitudes of energy savings associated with
them. Because there is little understanding of how much energy a specific
behavior actually saves, the tips approach typically produces very small
energy savings (e.g., unplug a cell phone charger to reduce phantom power)
compared to other tips that can produce substantial energy savings (e.g.,
taking a 5-minute shower instead of the 14-minute college average). This
suggests that behaviors having a significant impact should be identified and
targeted to maximize the effectiveness of behavior interventions, and to
produce significant energy savings and carbon footprint reductions. By the
same token, behaviors that have little impact can be ignored to reduce
program costs and avoid information overload.

The second strategy rejects competitions as a motivator to effect behavior
change. To date, most colleges and universities have used a competition
approach in their energy conservation initiatives, providing rewards to the
groups that “win.” However, rewards given to individuals for behavior

5. The same phenomenon applies in many other types of buildings where individual occupants are

virtually disconnected from bearing the direct energy costs through the institutional setting.
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measured at the group level can be problematic. For example, rewards can be
seen as trivial and thus not effective as motivators, as is often the case when
distributed among large groups of individuals. Will students really change their
behaviors for a slice of pizza every so often?6 Conversely, if the rewards are
more substantial, the costs can approach the amount of savings generated,
eroding the bottom line financial impact. Either way, giving awards creates
“losers.” Group-level behavior is made up of individuals, whose individual
motivations and actions may vary greatly within the group, and therefore there
will be “losers” who worked very hard to change their behaviors, and there will
be “winners” or free-riders who did nothing at all to change. Providing extrinsic
rewards on a group basis may thus not be an effective way to affect individual
behavior, which in turn limits this approach’s effectiveness for achieving
maximum reductions at the group level.

Emerging research on extrinsic versus intrinsic motivation indicates that
external rewards may undermine the more powerful potential effects of indi-
viduals’ intrinsic values or motivations. For example, a behavioral change
program based on competition between residence halls may devalue or even
ignore key motivators, such as wanting to be a “good environmental citizen” or
conserving energy because “it is the right thing to do.” Moreover, external
rewards often cannot be sustained over time, either due to prohibitive costs or
other reasons. Research also shows (Pink, 2009) that extrinsic rewards, to be
effective over time, must be periodically increaseddnot a sustainable model
for an organization with limited resources. Therefore, with dwindling resources
and generally pro-environmental leanings of traditional college-aged residen-
tial students, an energy conservation program based on intrinsic motivations is
the preferred and more effective strategy.

6.3. Designing and Assessing a More Effective Organizational
Energy Conservation Program

Using focus groups and survey data, we identified the range of voluntary energy
consuming behaviors that occur in a residential student building. We then chose
three specific behaviors with the greatest magnitude of energy consumption and
the greatest variance and hence opportunity for change: length of showers,
turning off HVAC when leaving the dorm room, and powering down
computers. Next, we generated motivational factors driving the three specific
behaviors, both intrinsic and extrinsic that were considered barriers to
conserving energy. The results of the subsequent focus groups and survey
responses show a lack of information regarding the actual energy consumption
of the chosen behaviors, and in many instances, misinformation, or myths, also
surrounded these behaviors. Additionally, survey respondents reported that

6. “Pizza parties” for the winners are often provided as a prize for on-campus competitions.
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they engaged in these three behaviors less than “half the time,” indicating
significant potential for change. Lastly, these three behaviors all have
a significant impact on the organization’s energy expenditures. Utilizing all
identified factors, an organizational energy conservation intervention was
developed and pilot tested within a subset of the organization to assess
effectiveness.

6.4. Measuring the Impact of Behavior Change in Residential
Student Buildings

We established two compelling reasons to calculate a savings metric attribut-
able to behavior change alone within a performance contracting framework:

To enhance flexibility in designing a performance contract by allowing
longer payback energy conservation measures within the overall project.

To estimate the carbon footprint and GHG reductions associated with
behavior change.

Hence, using the pilot study results, savings can be estimated for other
similar populations considering a performance contract or investigating strat-
egies to reduce their carbon footprint. For this pilot study, two similar sets of
buildings were assessed with respect to their building-level electrical and water
consumption during a six-week period compared to the same six-week period
the previous year. To assess the effectiveness of the conservation program
targeting internal factors driving three energy consuming behaviors, students
whose Resident Advisors (RAs) attended the training session were compared to
students whose RAs attended a “placebo” training session comprised of content
not related to energy conservation. The complex of buildings receiving the
energy conservation program showed a 9% reduction in electricity consump-
tion, and a 9% reduction in water consumption, compared to the control
buildings not receiving the energy conservation program.

This pilot study was then repeated at different buildings, with different RAs,
different students, and a different trainer and training session occurring in
a different season, with similar results. Based on results from these two pilot
studies, this behavioral change program was projected to save an average of
$14.26 in energy costs per academic year per student compared to the control
group. Based on the success of the pilot studies, the program was implemented
campus-wide at the beginning of the next academic year, while the residence
halls were being retrofitted through a performance contract. At the end of the
academic year, the client determined that their residence halls’ utility cost
avoidance had “over-performed” the projected retrofit savings by approxi-
mately the amount of the behavioral savings. From this, it is reasonable to infer
that the students contributed an additional 9% energy savings over and above
the savings realized from the building retrofits. When considering that students
control only a small fraction of their building’s total energy consumption, a 9%
reduction at the building meter from changing just three energy consuming
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behaviors is substantial. When comparing the cost of a behavior change
program to the cost of many technology retrofits, this “people-based” energy
conservation measure can produce some of the shortest paybacks within
a performance contract or other program portfolio.

The intrinsic motivation strategy focusing on substantial energy consuming
behaviors shows promise, especially compared to an external reward/compe-
tition approach with its costly prizes, problematic creation of “losers,” and lack
of sustainability. This strategy could be effective with most any organizational
population. Identifying specific behaviors associated with substantial organi-
zational energy costs, identifying specific factors that drive those behaviors,
and then targeting only the most influential factors appears to be a robust
program model. The two pilot studies also offer a way to estimate behavioral
savings in similar organizations that do not have baseline data or building-level
meters. From these treatment-versus-control evaluations, it may be reasonable
to estimate behavioral savings based on the pre-versus post-program survey
data incorporated into the pilot studies. Asking similar questions in a similar
survey methodology, one can extrapolate expected savings where meters don’t
exist. In one specific situation where this strategy was implemented, an entire
master-metered campus “over-performed” the building retrofit savings
projections by amounts consistent with the behavior-savings estimates.

CONCLUSIONS

Leading organizations, like those described in the Pew study and universities
using behavior-change models to augment their energy-savings programs, are
beginning to shift the focus of energy efficiency and carbon emission reduction
strategies from solely-technological efforts to embrace behavior-based strate-
gies. This shift is happening on more than one level. In the narrowest sense, it
involves straightforward operational changes like equipment scheduling; but on
a broader level, it involves changing how the entire organization thinks and
behaves toward energy and GHG emissions. As organizations assess their
carbon footprints, the role of energy use shifts fundamentally, from a minor
cost issuedtypically less than 5% of revenuesdto a major footprint
factordtypically more than 80% of internal footprint. The survey results in the
Pew study bear this out; as organizations realize that energy use is the largest
cause of their carbon footprint, it rises dramatically in prominence as
a performance issue. Other surveys confirm this trend: The Economist’s
Intelligence Unit conducted a 2009 survey (The Economist, 2009) of 538 senior
executives from a diverse set of companies around the globe; it found that 54%
had established GHG reduction strategies, and 62% had established energy
efficiency programs, even though few of these companies were directly subject
to GHG regulation schemes.

This realization can shift the organization’s awareness and action focus,
moving energy “out of the boiler room” into an issue that the entire
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organization must address. Beyond narrow changes in specific operations
aimed at meeting specific performance targets, leading organizations are
engaging more people, and more aspects of their business, in their sustain-
ability efforts. PepsiCo’s experience described above exemplifies the kinds of
broader thinking and action that can dramatically change the way energy and
carbon are treated in organizations, leading to major shifts in energy use and
carbon footprints.

Utilities and other public-interest-driven efficiency programs are also
beginning to shift their focus from the PTEMmodel described above to include
more behavior-based models that use performance measurement for the whole
building more than incentives for specific products or projects. The retro-
commissioning work described above has become more common in more
program portfolios. Utilities like PG&E are beginning to focus on not just
whole buildings, but whole organizations for fleets of buildings, through their
More Than a Million program, using ENERGY STAR benchmarking and other
techniques. The EPA recently launched the Building Performance with
ENERGY STAR program model to support program managers wanting to
move in this direction. Using the ENERGY STAR benchmarking and perfor-
mance measurement approach, it offers a “pay for performance” rather than
a “pay for widgets” approach. Rather than provide defined incentives for
specific technologies, building owners can use a variety of methods to improve
performance, but their incentives are tied to their measured performance, not to
the specific measures they install.

The “Seven Habits” features of exemplary organizational energy efficiency
strategies are soon to be codified in a new ISO standard. Referred to as ISO
50001, it is expected to be completed by 2011 or 2012. It defines the practices,
embodying many of the “Seven Habits” that an organization must adopt to be
deemed in compliance. It is expected that specific system standards, based
more on engineering design and energy performance, for systems such as
steam, compressed air, or motor systems, will become embedded within
ISO 50001. The U.S. Department of Energy (DOE) is serving as the secre-
tariat during the development phase. In parallel with this effort, DOE is
supporting the Superior Energy Performance program, which incorporates
both the management practices in the “Seven Habits” and specific technology
and performance metrics. Superior Energy Performance is expected to
become an independent nonprofit organization, and to evolve a formal
recognition/certification process.

The question remains open as to what role behavior-based organizational
energy efficiency and related emission-reduction strategies will play in real-
izing a zero-carbon future for buildings and industrial facilities. Looking at
many of the initial efforts, total impacts are modest, driving energy savings in
the range of a few percentage points annually. However, as United Technolo-
gies’ program shows, over 13 years they have reduced absolute energy use by
30% while more than doubling in revenue. Peering into a zero-carbon future
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requires some imagination; but there are some present-day examples that hint at
such a future:

l Toyota’s Ultimate-Eco-Factory vision, which rests on continuous improve-
ment in energy efficiency as it works toward incorporating renewable and
other features of a carbon-free future. Driving down energy use to the
minimum required levels is a core strategy for enabling renewable energy
to serve a facility’s energy needs.

l Staples’ strategy of investing in cost-effective energy efficiency, and using
the reduced energy bills to finance lease payments for solar PV on store
roofs. Pursuing in cycles over time, Staples foresees driving down energy
use to the point that PV will be able to meet all its electricity needs in
some stores.

l PepsiCo’s approach of starting with energy efficiency in the product
manufacturing process, extending the analysis to water savings, reducing
energy and water needs to the point that recycled water and locally-
produced renewables can serve all the plant’s needs.

The key to these examples is a twofold behavioral strategy: (1) focus on
practical, short-term, cost-effective efficiency measures, pushing this way of
thinking and behaving across the entire organization; (2) as they become
practical, integrate other resources into building and plant operations, looking
at the entire resource picture. This requires constant attention to detail in the
present while thinking holistically for the longer term. What leading organi-
zations can teach us is that the first element is the most important, and never
ends.

Any quantitative conclusions to be drawn from the relatively limited record
of behavior-based energy efficiency programs must be tempered by the relative
infancy of this field. But we feel confident in the following qualitative
conclusions:

l Measured energy performance in buildings appears to correlate better with
operation and management practices than with the presence of specific effi-
ciency technologies.

l Programs based solely on behavior modification have achieved results
comparable to the better technology-based programs.

l Emerging research on behavior and energy use is likely to produce helpful
new guidance on driving behavior-based programs to still greater levels of
success.

l Leading organizational energy efficiency strategies today use behavior
change not as an afterthought but as a core element of their programs,
and their results are driven as much by behavior change as by technology
change.

l Behavior-based programs can be delivered by for-profit as well as nonprofit
organizations.
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As in most in-depths of energy efficiency as it plays out in the real world, we
do not find a single “silver bullet” solution in behavioral approaches to saving
energy and reducing carbon emissions. Rather, we observe many “silver BBs,”
which if fired in a well-aimed and sustained way, with learning effects incor-
porated on a continuous-improvement basis, can become the core of long-term
efforts that ultimately lead to zero-energy building performance. This process
takes time, but what leading organizations show is that the driving force is the
continuing attention to detail on the behavioral side, combined with technology
improvements at intervals, that leads to dramatic improvements in the long run.
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1. INTRODUCTION

In an increasingly competitive and resource-constrained world, improving the
energy efficiency of industry is essential for maintaining the viability of
manufacturing, especially in a world economy where production is shifting to
low-cost, less regulated, developing countries. With the rapid growth of
manufacturing and energy-intensive production in expanding economies such
as China, India, and Brazil, there is an opportunity for new facilities to deploy
the latest energy-saving and carbon-reducing technologies and practices. In the
U.S. and many other industrialized economies, there is a substantial existing
infrastructure of older, less efficient manufacturing facilities that need to be
upgraded. The variable energy intensity of manufacturing processes across
countries reflects these differences and suggests the potential for further
improvement (IEA, 2009b).

This chapter describes the progress made to date and the magnitude of the
remaining opportunities, stemming both from broader use of current best
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practices and from a range of possible advances enabled by emerging tech-
nologies and innovations. It begins by focusing on the potential for improving
energy efficiency in several major energy-consuming industries. After des-
cribing the principal barriers to deployment of energy-efficient technologies
particularly in the U.S., it explores policy innovations that have successfully
transformed industrial practices in five countries: the Netherlands, Denmark,
India, Japan, and China. The goal is to identify lessons that can shift industry
toward greater efficiency across the globe, thereby becoming part of the climate
solution.

2. RECENT TRENDS IN ENERGY PRODUCTIVITY

Industry is the largest energy-consuming sector in most countries of the world,
accounting for 37% of primary energy use worldwide (IPCC, 2007, p. 453).
Large enterprises dominate most energy-intensive industries across the globe,
especially in industrialized countries. In contrast, small- and medium-sized
enterprises (SMEs) play greater roles in emerging economies. In India, for
example, SMEs have significant shares in the metals, chemicals, food, and pulp
and paper industries, and they account for 50% of China’s asset value and 75%
of its exports. These SMEs face special challenges when attempting to upgrade
their energy efficiency due to limited technical and financial resources.

U.S. industrial energy use represents approximately one-third of total U.S.
energy consumption and about 8% of global energy use. A majority of this is
consumed by five energy-intensive industries: chemicals, oil refining, iron and
steel, pulp and paper, and cement (Figure 1). Less energy-intensive industries
include the manufacture and assembly of automobiles, appliances, electronics,
textiles, food, beverages, and other products. Since energy is a smaller portion
of their overall costs, historically these industries tend to pay less attention to
finding ways to cut energy use. However, current evidence shows this may be
changing with an increased focus on reducing carbon footprints.

The production of energy-intensive goods is likely to continue to increase
worldwide, as populations and standards of living grow. However, an
expanding proportion of this production is likely to be located in developing
countries. For example, while the U.S. remains the world’s largest producer of
bulk chemicals and refined petroleum products, China has become the world’s
largest producer of steel, aluminum, and cement (IPCC, 2007, p. 451). Global
competition for export markets, foreign investments, and raw materials is
intensifying. The International Energy Agency (IEA) projects global industrial
energy demand will more than double by 2030 (IEA, 2009c). Moreover, the
IEA projects a convergence between developed and developing countries in
terms of energy intensity by 2050 (IEA, 2003).

The significant shift to offshore manufacturing to meet the demands of U.S.
markets means that the U.S. is actually responsible for approximately 5 quads
of additional industrial energy use: products imported into the United States in
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2002 had an embodied energy content of about 14 quads, far surpassing the
9 quads of embodied energy of U.S. exports (National Academies, 2009).
Similar trends are occurring in Europe and Japan. The energy embodied in
international supply chains is a contentious issue in discussions about carbon
footprint metrics and responsibilities for addressing climate change.

U.S. manufacturing has undergone significant change in production and
value added over the last several decades, modifying its strategies to improve
market competitiveness and increase profit. On the one hand, the forest prod-
ucts industries have enlarged their production of pulp and paper by 38% and
66%, respectively, since 1985. This industry shows a clear strategy of
specialization in industrial production with an orientation toward high value-
added products, reducing the production of commodities with lower market
profit. On the other hand, the iron and steel industries have shrunk their
production by 35% and 33%, respectively. In spite of these swings in
production, in general the manufacturing industry has sustained a similar
overall level of energy consumption with only a slight reduction of 420 trillion
BTU (or 1.9%) since 1978 (Table 1). The variation in trends across industries
reflects shifts in composition in the economy, offshore movement of
manufacturing, and advances in energy efficiency.

The U.S. manufacturing industry has more than 211,000 plants of which
76% are small firms (with 5 to 49 employees), 20% are medium-sized firms (50
to 249 employees), and only 4% correspond to large firms (more than 250
employees). With respect to energy consumption, the distribution has an
inverse relationship, with large firms consuming 67% of the total industrial

Residential
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Chemicals 6.2
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Petroleum
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other Forest Products

Iron and Steel

Other
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Commercial
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Transportation
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Total U.S. energy use in 2006 was 100.02 quads.

Industry
33%
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FIGURE 1 Energy Use in the US Industrial Sector in 2006 (Quadrillion Btu). Source: EIA (2006)
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TABLE 1 Total US Industrial Energy Use: 1978-2006
(Excluding Non-fuel Uses of Coal, Oil, and Natural Gas, in Trillion Btus)

Industry 1978 1985 1990 1995 2004 2006 Change 1978/2006

Wood Product Mfg. (321) 637.6 523.1 592.1 674.5 695.7 642.9 0.80%

Paper Mfg.(322) 2,384 2,662 3,161 3,168 3,141 2,902 22%

Printing and Related Support Activities (323) 161 147 195 219 233 183 13%

Petroleum and Coal Products Mfg. (324) 3,091 2,006 3,365 3,373 3,916 3,743 21%

Chemical Mfg. (325) 4,204 3,047 4,218 4,216 4,063 4,284 1.90%

Nonmetallic Mineral Product Mfg. (327) 1,617 1,165 1,289 1,235 1,322 1,466 �10%

Primary Metal Mfg. (331) 5,005 2,427 2,730 2,737 2,702 2,716 �46%

Fabricated Metal Product Mfg. (332) 664 576 645 747 718 708 6.60%

Other Manufacturing (339) 4,549 4,220 4,584 5,345 5,301 5,252 0%

Total (Manufacturing) 22,313 16,773 20,781 21,713 22,092 21,893 �1.90%

Note: NAICS codes are presented in parenthesis.
Source: U.S. Department of Energy, U.S. Energy Intensity Indicators, Trend Data, Industrial Sector, available at: http://intensityindicators.pnl.gov/trend_data.stm.
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energy consumption, followed by medium-sized firms with 26%, and small
firms with only 7% of the total industrial energy consumption (see Figure 2.)

The increase in production of some manufacturing industries, such as pulp
and paper, chemicals, and cement has not been accompanied by a proportionate
increase in energy consumption. As a result, many of these expanding indus-
tries have reduced their energy intensity (measured as total energy use per value
of shipment). This improvement in energy productivity is explained by
advances in production technologies and better operational practices, which
were particularly important following the oil crises in the 1970s.

The petroleum and coal products manufacturing industry experienced
a particularly significant improvement in energy intensity with a reduction of
60% in 2004 relative to 1977, followed by chemical manufacturing with a 42%
reduction, plastic and rubber with 31%, nonmetallic minerals with 25%, and
primary metals with 23%. Paper manufacturing was the only industry of this
group that did not decrease in energy intensity (Figure 3).

Advances in engineering, materials, thermodynamics, sensors and controls,
and information technologies, among others, offer the potential to transform
industrial processes in response to emerging climate change policies. As the era
of cheap energy comes to an end, successful manufacturers will increasingly
focus on technological innovations that allow for order-of-magnitude

FIGURE 2 U.S. Industrial Classification Respect to Energy Consumption. Source: MECS 2006

and U.S. CENSUS Bureau office 2007
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reductions in energy consumption and the substitution of fossil fuels for
renewable and other low-carbon energy resources.

In today’s power generation and utilization infrastructure with large-scale
centralized power plants and dispersed end-use locations, mismatches between
thermal needs and waste heat streams occur. If systems were optimized so that
wasted energy was recycled into productive uses, tremendous overall energy
savings could be achieved. This can be done by cascading and recycling the
energy embodied in hot exhaust gases, low-grade fuels that are typically flared,
and high-pressure steam and gas (Casten and Ayres, 2007). Combined heat and
power is a key efficiency technology in this area.

To illustrate some of the technological opportunities that may transform
industrial complexes, consider technological drivers of change in five of the
nation’s most energy-intensive industries.

2.1. Chemical and Petroleum Refining

Chemicals and petroleum are among the most important industries in the U.S.
The U.S. chemical industry is the world’s largest producer with 170 companies
and more than 2800 facilities abroad and 1700 foreign subsidiaries or affiliates
operating in the United States (EIA, 2001). This industry increased its gross
output by 58% between 1985 and 2004 (based on $2000), an increase that
occurred in conjunction with a 15% reduction in electricity consumption and
a 14% drop in energy intensity (Figure 4). Thus, its drop in energy intensity

FIGURE 3 Changes in Energy Intensity in Six Key US Industries (1977-2004). Source: DOE

2010, U.S. Energy Intensity Indicators. Trend data
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following the Arab oil embargo of 1973e74 has been followed by declining
energy intensity in more recent years.

The United States is also the largest producer of refined petroleum products
in the world, with 25% of global production and 163 operating refineries. This
industry’s gross output increased by 27% between the years 1985 and 2004; at
the same time it increased its electricity consumption by 40% and its energy
intensity by 53% (Figure 5).

Benchmarking data indicate that most U.S. petroleum refineries can
economically improve energy efficiency by 10e20% (LBNL, 2005), and

FIGURE 4 Chemical Products Energy Consumption and Intensity Indexes (1985¼1). Source:

DOE 2010, U.S. Energy Intensity Indicators. Trend data

FIGURE 5 Petroleum and Coal Products Energy Consumption and Intensity Indexes (1985¼1).

Source: DOE 2010, U.S. Energy Intensity Indicators. Trend data
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analysis of individual refining processes indicate even larger energy savings
possibilities (DOE, 2006c). Common technologies include high-temperature
reactors, distillation columns for liquid mixture separation, gas separation
technologies, corrosion-resistant metal- and ceramic-lined reactors, sophisti-
cated process control hardware and software, pumps of all types and sizes, and
more efficient steam generation (DOE, 2006c).

Distillation is the largest energy-consuming process in industry. In the
chemicals and petroleum industries, it uses about 53% of the total energy
required for industrial separations. Potential technological improvements to
distillation processes include technologies such as latent heat integration,
multiple-effect distillation, and solution-thermodynamics-altering azeotropic
or extractive distillation. Material methods, notably membrane and micro- and
nano-particle separation methods, offer tantalizing possibilities. The challenges
are in developing materials and methods with high throughput, high selectivity,
low energy requirements, resistance to fouling, durability, and affordable costs
(National Academies, 2009).

Membrane separation is the most widely applicable of all technologies for
reducing energy of separation processes in the petroleum, chemical, and forest
products industries (Nenoff et al., 2006; Banerjee et al., 2008). Zeolites are one
of the kinds of materials to achieve separations that would not require direct
heat. However the zeolite approach leaves the capturing material with the target
material attached, so some removal process is required. Membranes may be
made of organic materials for relatively low-temperature processes, inorganic
materials such as ceramics for high temperature use, or a combination of the
two. Membranes are currently used successfully to separate light hydrocarbons
as well as hydrogen from gas streams; the separated light hydrocarbons have
uses with values considerably higher than that of fuel.

FIGURE 6 Energy Consumption and Intensity Indexes (1985¼1). Source: DOE 2010, U.S.

Energy Intensity Indicators. Trend data
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2.2. Pulp and Paper Industry

The U.S. pulp and paper industry is a global leader with 34% of the world’s
pulp production and 29% of the world’s paper and paperboard production
(Miller Freeman, 1998). The industry increased gross output between the years
1985 and 2004 by 15.6% with an increase in electricity consumption of 14.6%
compared to 1985 with little change in energy intensity (Figure 6). Never-
theless, a much lower energy intensity results when the value of shipments is
replaced by the total tonnage of production. Measured in this way, the energy
intensity for pulp and paper decreases by 15%.

The principal products of this industry are pulp, paper, newsprint, and
paperboard. Mills for each of these products have shown important improve-
ments in energy use, especially the pulp mills decrease of 39% in energy
intensity in the period 1985e2000, followed by paperboard mills with 23%,
and paper mills and newsprint with 9% and 11%, respectively (Figure 7).
Recycling also conserves a great deal of energy and represented roughly 40%
of total paper production in the U.S. in 2005 (Houser et al., 2008). This
percentage of recycling is lower than the 69% waste paper pulp in the U.K.
(Confederation of Paper Industry, 2009). U.S. paper recycling has enough
capacity to double of its current levels.1

FIGURE 7 Pulp and Paper Industry Energy Intensity (1985-2000). Source: DOE 2010, U.S.

Energy Intensity Indicators. Trend data

1. Paper recycling has some limits on recovery due to loss of quality when paper is used for

permanent records, destroyed, or contaminated. To improve the quality, virgin wood fibers are

needed to replace those that are damaged. Taiwan has the maximum rate of paper recycling of 90%

that could be considered as the current technical limit of recycling for the U.S. paper industry.
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Several energy-efficient methods of drying have been developed, many of
which are cost-effective today. One of these, a systems approach, involves
using waste heat from heat-generating processes including from power
generation and ethanol production, as the energy source for evaporation (Thorp
et al., 2008). These opportunities to recycle waste heat are only practical if the
power production does not use condensing turbinesdthat is, if it is relatively
inefficientdor if the ethanol distillation is conducted at relatively high
temperature and pressures. Advanced water removal technologies can also
reduce energy use in drying and concentration processes substantially (DOE,
2005a). ORNL and BCA, Inc. (2005) estimate that membrane and advanced
filtration methods could significantly reduce the total energy consumption of
the pulp and paper industry. High-efficiency pulping technology that redirects
green liquor to pretreat pulp and reduce lime kiln load and digester energy
intensity is another energy-saving method for this industry (DOE, 2005a).
Modern lime kilns are available with external dryer systems and modern
internals, product coolers, and electrostatic precipitators (DOE, 2006c).

Kraft processing is a prominent way to produce wood pulp. In most Kraft
mills today, the black liquor produced from delignifying wood chips is burned
in a large recovery boiler. Because of its high water content, the combustion of
black liquor is inefficient, and the possibility of electricity production from
secondary steam production is limited by the steam’s low pressures. Gasifi-
cation of black liquor not only allows efficient combustion, but also enables the
use of a gas turbine or combined cycle process with a high electrical efficiency,
thereby offering the potential for increasing the production of electricity within
pulp mills. The surplus of energy from the pulp process also allows for the
possible production of useful heat, fuels, and chemicalsdthat is, the operation
of “biorefineries” (Worrell et al., 2004, pp. 22e23).

There are many novel sensors for a wide range of applications. In the
papermaking industry, for example a fiber optic sensor measures paper basis
weight to improve wet-end control in papermaking and make paper of
a uniform basis weight and higher quality. It minimizes energy requirements.
Another noncontacting laser sensor measures shear strength and bending
stiffness. By measuring the rate of propagation of ultrasonic shock waves in the
paper, this device could save the U.S. paper industry approximately $200
million annually in energy costs.2

2.3. Iron and Steel

The primary metal industry is composed principally of iron and steel and
aluminum production. This industry has shown an impressive reduction of 46%
in energy consumption during the last 30 years. This reduction has been a result

2. See www.physorg.com/news4221.html
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of a 17% reduction in energy intensitydmeasured in terms of energy used per
value of shipmentdbetween 1985 and 2004, with an 11% reduction in elec-
tricity consumption (Figure 8). Recycling is widely utilized in this sector, with
steel reaching rates of 83% in 2008. This contributes to declines in energy use
in the sector (Steel Recycling Institute, 2009).

Figure 9 shows the 54% reduction in energy intensity in terms of the energy
consumed per ton of iron and steel produced in the U.S. Given the nearly
complete penetration of recycled resources, other advances will be needed to
enable improvements of a similar magnitude in the future.

FIGURE 8 Primary Metal Energy Consumption and Intensity Indexes (1985¼1). Source: DOE

2010, U.S. Energy Intensity Indicators. Trend data
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There are two basic methods for producing crude steel: the blast furnace and
basic oxygen furnace (BOF), which mainly use iron ore, and the electric arc
furnace (EAF), which mainly uses reduced iron and pig iron. In 2006, BOF
steelmakers produced roughly 43% of raw steel while EAF operations
produced the remaining 57% (IEA, 2007; Worrell and Neelis, 2006).

One must use caution in comparing countries as differences can be caused
by the actual efficiency of production, the amount of recycled material, the
process (BOF versus EAF), and the type of final product (Schipper, 2004).
Energy efficiency depends on the size and age of the plant, with larger and
newer facilities often more energy efficient than smaller and older ones.
Changes over time occur as a result of savings within plants or processes and
shifts to plants and processes that are more energy efficient.

Technologies can be combined in various configurations in steel production,
including the rotary hearth furnace (RHF), the Circofer process in which coal is
charred and ore is partly metallized in a single first step and then completed in
a bubbling second step, and the RHF with a submerged arc furnace; the energy
consequences of these alternatives are unclear (Fruehan, 2008). Several revo-
lutionary new steelmaking technologies are also under development, such as
the use of hydrogen as an iron ore reductant or furnace fuel, and electrolytic or
biometallurgical-based iron and steel production. Success with these could
significantly reduce the carbon footprint of these industries.

2.4. Cement Industry

The U.S. cement industry consists of 39 companies that operate 118 cement
plants in 38 states. While its production levels have grown since 1985, the
industry’s energy intensity declined by 35% between 1985 and 2000
(Figure 10).

0

1

2

3

4

5

6

7

8

9

1985 1987 1989 1991 1993 1995 1997 1999

Cements

E
n

e
r
g

y
 
I
n

t
e
n

s
i
t
y

(
T

h
o

u
s
a
n

d
 
B

t
u

/t
o

n
)

FIGURE 10 Cement Energy Intensity (1985-2000). Source: DOE 2010, U.S. Energy Intensity

Indicators. Trend data

348 PART | II Technological Fixes



The cement manufacturing process involves three components: the
mining and preparation of inputs; the chemical reactions that produce
clinker; and the grinding of clinker with other additives to produce cement.
The feed for older kilns is a slurry of inputs, the wet kiln process, while
large new plants mix dry materials for introduction to the kiln. Energy use
varies with the process and characteristics of the plant, but in general about
90% of the energy use, and all of the fuel use, occurs in the manufacture of
clinker in the kiln. The chemical process that converts limestone to lime,
produces roughly the same amount of carbon dioxide gas as that generated
by the energy used in its production for coal-fired kilns. Technologies that
allow production of cement with a lower per-ton share of clinker thus yield
multiple benefits.

Upgrading a kiln from wet to dry, and from a long dry kiln to a preheater,
precalciner kiln results in major energy efficiency gains but for a price that
requires a payback period of at least ten years. Worrell et al. (2004) conclude
that these upgrades are attractive only when an old kiln needs to be replaced.
More incremental upgrades could yield commercially attractive benefits
including advanced control systems, combustion improvements, indirect firing,
and optimization of components such as the heat shell. While opportunities
vary with specific plants, the combination of these activities appears to yield an
improvement in energy use on the order of 10%. Recovering heat from the
cooling stage also yields substantial savings. If the heat is used for power
generation, it can save up to half of the electricity used in the clinker process.
However, taking full advantage of the heat recovery savings may require other
major upgrades (National Academies, 2009).

Changing the chemistry of cement to reduce the need for calcination can
decrease the high share of clinker that characterizes U.S. production. Options
for blended cements include fly ash and steel slag. Fly ash may be particularly
promising as it is a coal combustion byproduct that can be reused in many
different contexts, such as construction and pavement. Worrell et al. (2004)
identify potential energy savings of up to 20% from deployment of blended
cement technologies, and larger carbon dioxide emission reductions. Advanced
technologies with potential to further improve energy efficiency and emissions
include carbon capture and storage technology, fluidized bed kilns, advanced
comminution technologies, and the substitution of mineral polymers for clinker
(Worrell et al., 2004; Battelle, 2002).

3. POTENTIAL ENERGY SAVINGS IN ENERGY-INTENSIVE
INDUSTRIES

Numerous studies have shown high energy-savings potential in energy-inten-
sive U.S. industries. A recent study by the National Academies (2009)
compiled these studies for five industries for 2020. The results are summarized
in Figure 11.
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The chemical manufacturing industry was analyzed by three studies. The
estimates of energy savings in 2020 in the U.S. chemical industry are wide
ranging from 3.1% savings estimated by NREL (2002), 5% of savings pre-
sented by McKinsey and Company (2008), and more than 18% of saving
estimated by Energetics Inc. (2007).

The petroleum refining industry’s energy savings in 2020 are presented in
three recent studies. The lowest estimate of 5% of energy savings is provided by
McKinsey and Company (2008). The intermediate range of savings, between
12% and 24%, was published in a study by LBNL (2005). The highest estimate
is a range of 28e65% of savings published in a DOE (2006c) report.

The pulp and paper industry also represents a significant potential for
energy savings through its process improvement. Estimates of achievable
energy savings range from 6.1% in the Scenarios for a Clean Energy Future
(CEF) study to 37% of energy savings estimated by the study by Jacobs and
IPST (DOE 2006c).

The iron and steel industries also offer an important opportunity for energy
savings. McKinsey and Company (2008) estimated 22% of energy savings
potential in 2020. The AISI study (2005) provided a significantly higher level
of energy savings potential of 58% of current energy use.
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Finally, three studies analyzed energy savings potential in the cement
industry. The lower estimation of energy savings potential is presented by the
CEF Study (Brown and Levine, 2001) with 19% of saving in 2020, followed by
McKinsey and Company (2008) with 23% savings. The highest potential of
savings is presented in the study by Worrell et al. (2004), with 67% of energy
saving in 2020.

By applying these percentage savings potentials to the AEO
business-as-usual forecast of future industrial energy consumption in the U.S.,
it is possible to compare and contrast the studies in a common framework
(Figure 11).

If similar efforts were implemented worldwide, particularly in the rapidly
expanding economies of Brazil, Russia, India, and Chinadthe BRIC countriesd
these energy savings could be multiplied several times. Of course, greenfield
industrial complexes start with the advantage of more advanced equipment such
as dry kilns, electric arc furnaces, and lime kilns with external dryer systems.

4. BARRIERS TO TECHNOLOGICAL INNOVATION
IN INDUSTRY

Energy efficiency tends to thrive in a culture of innovation, where companies
are committed to progressive thinking (McKinsey and Company, 2008, p. 8).
The broader application of high-efficiency industrial technologies, on the other
hand, is impeded by a range of technical, corporate, regulatory, and workforce
barriers. These include:

l Technical risks
l Lack of specialized knowledge
l High transaction costs for obtaining reliable information
l Relatively high initial costs
l Lack of access to capital
l Unfavorable fiscal policies
l Unfavorable regulations
l External benefits and costs

Companies must consider the technical risks of adopting a new industrial
technology. When energy costs are low, industry has little incentive to make
investments in efficiency measures, particularly if there are uncertainties about
the benefits and impacts of novel approaches can be significant. Small tech-
nology changes, particularly in large integrated process plants, can lead to
major changes in process and product performance. In today’s manufacturing
environment with 24/7 operations, reliability and operational risks represent
major concerns for industry. The need to keep a process running in a predictable
fashion, for example, often overrides the inclination to replace equipment with
a more efficient model. An historic example is provided by the American steel
industry, where companies continued to build open hearth furnaces after World
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War II, despite the demonstration of superior basic oxygen furnaces. The old
technology was familiar and the new technology was considered to be a risk
(National Academies, 2009). A more modern and streamlined version of the
vetting process is used by the Dow Corporation, which has a group established
to present energy-efficiency upgrades for a plant. These “tech centers” work
with efficiency experts on staff to assess the quality and reliability of proposed
plant upgrades. They then work with production managers and jointly make an
implementation decision about proposed upgrades as described in Prindle
(2010).

Lack of specialized knowledge of energy engineering and energy manage-
ment is another impediment to adoption. Industrial managers can be over-
whelmed by the numerous products and programs that tout energy efficiency,
and without in-house energy experts, may find it risky to rely on third-party
information to guide investments. For example, plant managers at the United
Corporation Technologies (UTC) find it difficult to rely solely on facility
experts and has created a special energy-focused team to work directly with its
300 facilities to identify savings opportunities (Prindle, 2010). To make optimal
energy-efficiency decisions, plant managers must have working knowledge of
a massive number of technologies (McKinsey and Company, 2008). External
expertise is available, but manufacturers generally do not support third-party
installers or consultants such as energy services companies (ESCOs) and
utilities (CCCSTI, 2009; Prindle, 2010). Energy consulting firms often lack the
industry-specific knowledge to provide accurate energy and operational cost
assessments, and many industrial operations don’t have in-house engineering
resources to sort through or analyze the information.

This barrier is exacerbated by high transaction costs for obtaining reliable
information (Worrell and Biermans, 2005). Researching new technologies and
collecting other relevant information consumes time and resources, especially
for small firms, and many industries prefer to expend human and financial
capital on other investment priorities. Overall, corporate decision-makers are
predisposed toward investments that result in more output. Although the
reduction of costs through investments in efficiency may have the same impact
as increases in productivity on overall profit, there is a tendency for investments
to be focused on increasing revenue as opposed to decreasing costs. In some
cases, industrial managers and decision-makers are simply not aware of energy
efficiency opportunities and low-cost ways to implement them. In others, they
don’t believe they have enough time or money to research new technologies. In
more progressive companies, divisions are established to root out these savings
(Prindle, 2010).

Relatively high initial costs for industrial energy-efficiency improvements
can be an impediment to investments. New energy-efficient technologies often
have longer payback periods than traditional equipment and represent a greater
financial risk since there is significant uncertainty about future energy prices.
Senior managers also often postpone capital investment and refurbishment
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because they are uncertain about the longevity of their companies (McKinsey
and Company, 2008, p. 9). The global economic downturn beginning in 2008
has exacerbated concerns about enduring profitability.

The lack of access to capital is one of the most significant barriers to energy
efficiency improvements in industry. Projects to improve energy efficiency
have to compete for financial and technical resources against projects that
achieve other company goals and against more familiar technologies. A large
share of capital goes toward meeting government standards for health, safety,
security, and emissions; the remaining discretionary capital is then allocated to
other goals such as product improvement, production expansion, and (finally)
cost savings such as energy efficiency. Although, in theory, firms might be
expected to borrow capital any time a profitable investment opportunity pres-
ents itself, in practice firms often ration capitaldthat is, they impose internal
limits on capital investment (Canepa and Stoneman, 2004). As a result,
companies impose high ROI requirements on efficiency investments (CCCSTI,
2009). In addition, if the technology involved is new to the market in question,
even if it is well-demonstrated elsewhere, the problem of raising capital may be
further complicated.

In the United States, existing fiscal policies are often unfavorable to
investments in end-use efficiency. The current federal tax code discourages
capital investments in general, as opposed to direct expensing of energy costs.
More specifically, tax credits designed to encourage technology adoption are
limited by alternative minimum tax rules, tax credit ceilings, and limited tax
credit carryover to following years; these limitations prevent the credits from
being used to their full potential by qualified companies. Furthermore,
outdated tax depreciation rules require firms to depreciate energy efficiency
investments over a longer period of time than many other investments (Brown
and Chandler, 2008). Significant utility company interconnection fees, overly
layered permitting processes, and lack of net-metering policies provide
disincentives for manufacturing plants to capture waste energy for the gener-
ation of electricity in combined heat and power systems (CCCSTI, 2009).
However, in response to increasing peak demand and growing strain on
existing capacity, utilities are pursuing demand response and energy efficiency
strategies with industry.

Existing regulations can also be unfavorable to industrial energy efficiency.
EPA’s New Source Review (NSR) Program can also hinder energy efficiency
improvements at industrial facilities. As part of the 1977 Clean Air Act
Amendments,3 Congress established the NSR program and modified it in the
1990 Amendments, but exempted old coal plants and industrial facilities from
the New Source Performance Standards (NSPS) to be set. NSPS standards are
intended to promote use of the best air pollution control technologies, taking

3. P.L. 95e95; 91 Stat. 685.
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into account the cost of such technology and any other non-air quality, health,
and environmental impact and energy requirements. However, investment in an
upgrade could trigger an NSR, and the threat of such a review has prevented
many upgrades from occurring. NSR thus imposes pollution controls where they
are least needed and artificially inflates the value of the dirtiest plants. Alto-
gether, these effects have led some critics to question whether the NSR program
and the NSPS have resulted in higher levels of pollution than would have
occurred in the absence of regulation (Brown and Chandler, 2008; List, 2004).

External benefits and costs are difficult to value and inhibit reduction of
greenhouse gas (GHG) emissions by industrial plant managers. In general,
companies invest in emissions reduction or other environmental improvements
only when the investments are offset by lower energy or raw material costs or
other cost benefits. Suppliers, who typically introduce innovations to the
industrial sector, are often reluctant to expend resources in developing GHG
emissions-reducing technologies without an assured market. Policy uncertainty
and the absence of an international climate agreement is also leading to
competitiveness concerns and reduced cooperation across firms.

Given all of these inhibitors to reinventing industrial energy use, can energy
and/or tax policies influence the future course of industrial innovation? Would
restrictions on greenhouse gas emissions become a driver for change? Evidence
from other countries is encouraging, as is the experience of some U.S. federal
programs and individual state initiatives.

5. POLICY DRIVERS OF CHANGE

A variety of approaches have been utilized globally to promote industrial
energy efficiency. This section describes some of the lessons learned by the
Netherlands, Denmark, India, Japan, and China, and concludes with a summary
of the policies utilized in the United States. While many of these nations have
similar policies in place, their differences and points of success and policy
innovation are highlighted here. The trajectory of these countries’ energy
intensity from 1980 through 2005 suggests an improvement in energy effi-
ciency overall for each country, punctuated by periodic slippages (Figure 12).
Between 1980 and 2005, China underwent a marked increase in energy effi-
ciency. Still, even with this massive improvement, China today is only slightly
more efficient than the United States was in 1980, and has recently undergone
an increase in energy intensity. The graph suggests a more gradual improve-
ment across the other five countries.

The Netherlands has taken a proactive stance on industrial energy effi-
ciency, beginning with their Long Term Agreements on Energy Efficiency with
industry beginning in 1992. These agreements were established through an
understanding by industry that the government is closely observing energy
consumption and will not initiate strong regulations so long as industry meets
the targets (Nuijen and Booij, 2002). This program had a goal of increasing
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energy efficiency by 20% over a 1989 baseline by 2000. The results were better
than anticipated, achieving a 22% savings in affected industries, which repre-
sent 90% of industrial energy consumption in the Netherlands. The country
experienced annual net savings of roughly V700 million annually, increasing
the competitiveness of Dutch-produced goods in the global market.

The Netherlands established a second phase of the Long Term Agreements
in 2000 to operate until 2012. In this phase, the most energy intensive industries
will be benchmarked to comparable industries worldwide. The affected
industries must be best in class in energy efficiency, and in return, the
government will not implement additional stringent climate change policies.
Curiously, analysis of the benchmarking mechanisms suggests that estimated
energy savings will be smaller than under a continuation of the first phase of the
Long Term Agreements (Phylipsen et al., 2002). This is due to a change in the
policy from continued energy savings in the original Long Term Agreements to
a benchmarking standard in the second phase. With the expiration of the second
phase in 2012, it remains to be seen whether the initial increase in efficiency
gains will be maintained over the entire period. Other industries remain covered
under the goals of the Long Term Agreements.
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Denmark is another European country that has taken extensive steps to
address industrial energy efficiency. The Danish government has a negotiated
agreement like the Dutch, but the unique implementation of other energy
policies has made Denmark the world leader in installed combined heat and
power (CHP) capacity, which is more impressive when the size of the country is
taken into account.

Denmark’s push for energy efficiency began following the OPEC oil
embargo of the early 1970s. Taxes on petroleum based fuels were levied, which
were eventually expanded to fossil fuels and eventually an outright carbon tax
in 1992. The constant presence of these taxes has created a strong incentive for
energy efficient technologies, including CHP, especially when combined with
some regulatory and financial incentives through the Heat Supply Laws (IEA,
2009a). With grid connectivity guaranteed in Denmark, the ease of imple-
mentation for power producing efficiency measures like CHP has been greatly
increased.

As a developing country, India does not have quite the same historically
coordinated effort that the Europeans exemplify. Its industry makeup is also
different, supporting more small and medium-sized companies (World Bank,
2008). The government has attempted to incentivize energy service companies
to enter the industrial sector, but has had a difficult time doing so. Despite these
difficulties, India is currently less energy intensive than the U.S. (Figure 11),
and aspires to match the efficiency of Japan (Lamont, 2009).

India’s newest approach to the problem is innovative. It has introduced
an energy efficiency trading program designed to reduce energy intensity by
5% a year through certificate trading. It is expected this market will be worth
$15 billion and will cover nine sectors by 2015 (Lamont, 2009). This approach
is very similar to other markets for efficiency credits, but India mandates the
reductions and the program is designed like a cap-and-trade program. This is
a unique approach for a developing country, with the expected outcome of more
rapid deployment of efficient technologies throughout the Indian economy.

The two oil crises of the 1970s also spurred the government of Japan to start
actively pursuing industrial energy efficiency policies. By 1991, Japan had
achieved a 35% improvement in energy efficiency, but started to see its energy
intensity rise. Japan implemented a new set of policies in 1993 to further energy
efficiency throughout industry and its economy in general. Tax credits for small
and medium-sized industry were established, as were a large number of low-
interest loans, which covered both the purchase of highly efficient equipment
and cogeneration installations (Sato, 2000).

In 2006, Japan updated its efficiency goals in response to rising energy
prices and the anticipation of increasing global energy demand. The New
National Energy Strategy featured five focus areas for energy, including energy
efficiency. With the Energy Conservation Frontrunner Plan, the goal of
improving energy efficiency 30% by 2030 was established. To achieve this
ambitious goal, Japan’s Ministry of Economy, Trade and Industry mandates
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energy management plans for industry, the appointment of a certified energy
manager for each business, and the introduction of benchmarking for industrial
sectors (Energy Conservation Center, Japan, 2009). Future progress is expected
to come from a number of bills addressing climate change currently working
through the Japanese government, with Tokyo launching Asia’s first mandatory
carbon trading scheme in early April, 2010 (Soble, 2010)

From 1980 through 2000, China experienced a reduction in national energy
intensity of 65% (Zhang, 2003). These reductions were the result of process and
technological changes, as well as structural shifts throughout Chinese industry.
Rapidly developing countries typically see an increase in energy intensity;
China was able to buck this trend through a series of policy reforms allocating
capital toward energy efficiency and developing energy service conservation
and energy management centers, which act similarly to energy service
companies (Wang et al., 1995; Sinton et al., 1999). China intended to continue
this trend, with goals and mandates in the Energy Conservation Law of 1997
(ECL) and the 10th Five-Year Plan.

However, China has recently faced difficulties with these goals. The early
2000s saw energy consumption outpace GDP growth, and thus saw an increase
in energy intensity for the first time in decades. Part of this increase was almost
certainly driven by difficulties in implementation of the ECL itself, which
required provincial energy plans that were slow to develop and difficult to
enforce (Wang, 1999).

Noting the deteriorating conditions, the Chinese government announced
a mandatory reduction in energy intensity of 20% by 2010 in late 2005. Initial
responses were not sufficient to reverse the trend, inspiring new policies and
strategies to meet the mandate (Lin et al., 2006). The ECL was revised, tax
policy was modified for export products, tax credits for efficiency investments
were granted, and numerous buildings and appliance policies came into effect,
being adopted in the 11th Five-Year Plan. The Top-1000 Energy Consuming
Enterprises program has promoted energy-efficiency throughout large-sized
industry.

It is anticipated that these top energy-consuming businesses will contribute
25% of the overall efficiency gains required by the 11th Five-Year Plan, and
additional businesses are being added to the program. The end-result of these
policies has placed China on a path toward reaching its mandates and reducing
energy intensity once again (Zhou et al., 2009). Even so, with highly energy
consumptive industries including steel, cement, and so on, experiencing
increasing demand for their products as the global economy recovers from the
recent recession, continuing the progress may prove difficult, and increases in
overall consumption are virtually guaranteed. (See also this book’s Chapter 15,
“Why China Matters,” by Buijs.)

Just before the December 2009 Copenhagen Summit began, China
announced a commitment to reduce the carbon intensity of its economy to
40e45% below 2005 by 2020. This will require a 4% reduction in GHG
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emissions each year from projected emissions increases, at the same time as
China’s economy could grow at an annual rate of 8% or higher. Achieving such
a goal may involve expanding the scope of major efficiency improvements to
China’s smaller industrial facilities in addition to potentially imposing new
regulations and continuing to close inefficient plants (Friedman, 2009). Others
have estimated that the 40% goal represents the business-as-usual case for
China, and will be easier to meet with faster economic growth. Both the 40%
and 45% emissions trajectories still push global emissions beyond the IEA 450
ppm CO2 scenario, so even if China is successful in achieving its own goals, the
world would need greater efforts to stay below 450 ppm CO2 (Seligsohn and
Levin, 2010).

The policies pursued by different nations illustrate the variety of approaches
used to promote industrial energy efficiency. In the United States, the imple-
mentation of federal activities is distributed among federal agencies, with more
than a dozen involved in the administration of 72 currently funded and active
deployment programs working on energy efficiency in industry (CCCSTI,
2009).

Reflecting the importance of informed decision-making, remedying a lack
of specialized knowledge and addressing incomplete and imperfect knowledge
barriers are important policy priorities in the U.S. context. As a result, “labeling
and information dissemination” are the most common type of deployment
program targeting industrial energy efficiency (Figure 13).
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In the U.S., the focus has been significantly less driven by regulation.
Instead, there are many public-private partnerships with industry. For example,
programs like Save Energy Now, administered through the Department of
Energy’s Industrial Technologies Program, work with large industrial partners
in energy-intensive industries to identify areas of significant efficiency gains.
Save Energy Now recognizes industrial energy efficiency leaders and works
through the supply chain as well.

The Industrial Technologies Program also works with small and medium-
sized firms through the audits performed by the Industrial Assessment Centers
at universities throughout the country. This program identifies cost-effective
opportunities for energy efficiency throughout the firms’ operations. Unfortu-
nately, implementation of these recommendations was only 47% from program
initiation in 1981 through 2007 (DOE, 2007), suggesting that significant
benefits are not being captured.

Another public-private partnership in the U.S. couples the government with
manufacturers to reduce energy intensity by 2.5% or more per year. This is
done through energy management standards, which almost always include
a comprehensive energy plan and an energy manager to oversee the imple-
mentation of the plan. This type of project ensures that equipment continues to
operate as efficiently as possible, as energy use is constantly monitored.

Finally, the multiagency Climate Change Technology Program has begun to
work recently on addressing barriers to industrial efficiency through crosscut-
ting policy options. Aworkshop was held with a mix of academics and industry
leaders to discuss the barriers to industrial energy efficiency and preferred
policy responses. Some of the policy options being considered include estab-
lishing a national energy efficiency resource standard that qualifies CHP,
enabling municipalities to establish clean energy property tax liens, superior
energy performance standards, and making third-party financing available for
industrial energy efficiency upgrades. All of these policies would represent
a significant step forward in addressing significant financing, regulatory, and
information barriers to industrial energy efficiency (Brown et al., 2011).

6. MANUFACTURING THE NEXT GENERATION
OF GREEN TECHNOLOGIES

Most of the current dialogue focuses on new technology that lowers industry’s
energy use. In some cases, more important energy savings come from adapting
the new technology for use in other sectors. For example, developing a new
generation of fuel cells may lead to greater savings in motor vehicles. Other
possibilities include “on-demand” manufacturing that applies ink-jet printing
systems to three-dimensional fabrication, or new plastics that double as inte-
grated photovoltaic systems (Laitner and Brown, 2005). This role of industry in
the development of emerging technologies highlights even greater energy
savings than might be apparent from looking at industry’s own energy use
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patterns alone. With the growing focus on corporate sustainability, industry is
adopting a much broader view of its energy and environmental responsibilities,
extending its concern to issues surrounding the sustainability of the products
and services it offers and including the sustainability of its chain of suppliers.
Wal-Mart, for example, has included indicators of energy sustainability in
metrics used to select product and service providers.4 Accordingly, contractors
with minimal environmental impacts are preferred.

Wal-Mart is not alone in this initiative, as many other corporations have
taken voluntary action to reduce the GHG emissions of their operations. These
efforts are not yet operating at the scale needed to address the challenges of
climate change and energy (Southworth, 2009); however, they appear to be
expanding as corporate commitments to sustainability grow, and as consumer
and shareholders demand greater effort (Prindle, 2010).

Industry is often viewed as a recipient of new technologies to meet
production demands. While many innovations are created at research hubs like
top tier universities, industry is often a source of technological innovation as
well. In the energy realm, many next-generation technologies in areas such as
fuel cells, solid-state lighting, and biofuels, are being developed by industry
alone and also in public-private partnerships. Industry is not just a recipient of
new technologies, but in fact plays a key role in developing the next wave of
energy technologies.

Fuel cells provide a useful example. Different sectors of industry are
innovating to create different uses and applications of fuel cells. Honda was
recently recognized for its innovations in the use of fuel cells in transportation
vehicles, winning awards and having its FCX Clarity model named the 2009
world green car. Honda reports that this vehicle is 2e3 times more fuel-efficient
than gasoline-based vehicles, and gets 1.5 times better fuel economy than
a hybrid electric-gasoline vehicle (Honda, 2009).

However, personal transportation is not the market where fuel cells have
really seen competitive advantage and uptake; that distinct honor resides with
auxiliary power units, marine systems, and forklifts. In fact, a recent Depart-
ment of Energy report found that 3 KW proton exchange membrane (PEM) fuel
cell-powered forklifts currently have total system costs nearly half that of their
conventional lead-acid battery counterparts (DOE, 2008). Industry is actively
experimenting with at least six different fuel cell technologies and innovations
continue in all areas (DOE, 2009). As sales continue to increase, it is expected
the technology will continue down the learning curve and costs will decrease.

Another example where industry is leading through innovation is the search
for super-efficient solid-state lighting. This area of innovation is generally in
light emitting diode (LED) technology. LEDs are much more efficient gener-
ators of light than incandescent and fluorescent lighting technologies, and they

4. Jim Stanway, Wal-Mart, personal communication, 2007.
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also have longer lifetimes. LEDs are useful in many applications, including
traffic and street lighting, indoor lighting, and flat-screen displays. This varied
application list results in companies from different sectors being involved in
RD&D, including Sony and Philips. While the U.S. government enters into
many publiceprivate partnerships and provides assistance in overcoming
barriers (such as product testing standards) to deployment, the variety of
applications for solid-state lighting technologies have industry leading the way
in innovation (Building Technologies Program, 2009).

Finally, industry is developing next-generation biofuels that are sustainably
produced with a near net-zero carbon footprints. Some promising examples are
cellulosic ethanol and algae-based biofuels. BP Biofuels has a number of
partnerships for developing feedstocks and technology, representing over $2
billion in private investment between seven companies (Semans and deFon-
taine, 2009). These companies are working together to develop cellulosic
ethanol while respecting the environmental, agricultural, and social impacts
producing feedstocks can create (Scotti, 2009). ExxonMobil has teamed with
renowned geneticist Craig Venter and his start-up, Synthetic Genomics, to
develop genetically modified algae as a source of biofuels. An initial invest-
ment of $600 million has been made, and Exxon has publicly acknowledged it
intends to invest billions more for commercialization and deployment once
R&D is sufficiently advanced (Johnson, 2009).

Many of the new technologies are being developed in publiceprivate
partnerships, representing the shared interest of developing new, more efficient,
and environmentally friendly next generation technologies. Fuel cells, solid-
state lighting, and cellulosic and algal-based biofuels all represent significant
advances in currently deployed technologies, but all still face significant
barriers. The public-private interfaces in each of these areas help to overcome
many of the economic barriers. The potential for increased efficiency and
sustainability in the next generation of technologies stands to show that
industry itself is a driver of innovation.

CONCLUSIONS

The dual goals of advancing energy efficiency at industrial plants and
advancing product innovation for broader use are both critical to promoting the
more productive consumption of energy in a resource-constrained world.

Developing and deploying more efficient technology is the key to reducing
carbon intensity in industry. Advanced industrial technologies and best prac-
tices in energy management are already working to improve energy efficiency
and lower GHG emissions. These efforts have helped the industrial sector
diminish GHG emissions in some of the nation’s most energy-intensive
industrial facilities.

Still, barriers to broader application of technologies suitable for commer-
cialization in this sector remain. As a result, independent studies using different
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approaches agree that the economic potential for improved energy efficiency in
industry is large. Of the 34.3 quads of energy forecasted to be consumed by
U.S. industry in 2020 (EIA, 2008a), 14e22% could be saved through the
implementation of cost-effective energy-efficiency improvements (National
Academies, 2009). Large mismatches abound between the thermal needs and
waste heat streams of industrial facilities served by large-scale centralized
power plants. If systems were optimized so that the vast majority of wasted
energy was recycled into productive uses, industrial energy consumption could
be cut tremendously.

Comparisons of the energy content of manufactured products across
countries underscore the potential for U.S. industry to reduce its energy
intensity. Japan and Korea, for instance, have particularly low levels of
industrial energy intensity. Many energy-intensive industries have devoted
considerable resources to increasing their energy efficiency. For many other
industries, energy represents a small fraction of their costs and is not a priority.
Until the chief executives of U.S. industry become a force for clean energy and
environmental progress, the challenges of climate change and resource
depletion cannot be adequately addressed.

Ultimately, we need to transform the vision of industry as a necessary evil
exiled to remote locations to avoid contaminating pollution. Instead, imagine
a future where concepts of industrial ecology are taken to an extreme, so that
people will want these facilities and jobs in their communities. Because they
are clean and green, people want to live close to industrial parks to reduce
their commute to work, expand their commitment to community, and help
make industry part of the climate solution. The public’s imagination has
been captivated by zero-energy buildings and cars that operate like pollu-
tion vacuum cleaners. Now we need a new vision of industrydfactories-
of-the-future with minimal resource requirements, that clean up our ecosystems,
contribute to human health, produce valuable goods, promote innovation, and
improve standards of living.
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1. INTRODUCTION

With the growing concern regarding climate change worldwide, renewable
energy (RE) technologies have become increasingly important during the past
decade. This chapter examines availability, markets, and the technical
potential of RE resources in meeting energy demand in a redefined energy
economy. These new energy challenges include energy security, environ-
mental integrity, climate change, and economic prosperity. This chapter will
look at how far renewables have come during the past decades and their
potential to provide a larger portion of our energy needs in the future. Section
2 examines the current status of renewables capacity as well as technology
investment; it includes trends by country and by technology as well as the
impact of the global economic situation. Section 3 outlines market and
technology trends for resources such as hydropower, wind, solar, geothermal,
and bioenergy; it also provides market projections. Section 4 looks more to
the future with an analysis of the prospectsdand challengesdfor selected RE
resources and technologies.
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2. OVERALL STATUS OF RENEWABLE ENERGY CAPACITY
AND INVESTMENT

2.1. Capacity Growth

In 2008, renewables (new renewables, excluding large hydropower and tradi-
tional biomass) contributed about 3.4% (depending on the calculation rules
applied) to global energy generation demand. Including large hydropower and
biomass, renewable generation increases to about 24% (REN21, 2009; UNEP,
2009). In 2008, new renewables represented about 229 gigawatts (GW)
(excluding large hydro and biomass) of the electricity generating capacity,
which is nearly 5% of total global power capacity (about 4700 GW). In 2008,
global wind capacity was 53% (121 GW) of global renewable capacity
(excluding large hydro and biomass), small hydropower was 37% (85 GW),
grid-connected solar photovoltaics (PV) was 6% (13 GW), and geothermal was
4% (10 GW). As a percent of installed capacity, renewables increased by about
75% between 2000 and 2008 (Figure 1 and Table 1)dthe share of new
renewables in global electricity production is also increasing. In 2008, the
highest installed capacities were found in China (76 GW), the United States
(40 GW), Germany (34 GW), Spain (22 GW), and India (13 GW). Further, RE
accounted for 5 GW of new electric generating capacity, and 4.2% of installed
generating capacity in 2008 (REN21, 2009).

For renewable fuels, market growth has been similarly strong. Globally,
biodiesel production has expanded more than six-fold, from 555 million gallons
in 2004, to 3200 million gallons in 2008 and bioethanol from approximately
11,000 million gallons in 2004 to 17,300 in 2008 (DOE 2009). The growth in
RE markets is dominated by a few countries, namely Germany, Spain, the
United States, India, Brazil, China, and Japan. Argentina also contributes
significantly to biodiesel production.

FIGURE 1 Renewables as a Percent of Total Installed Capacity Worldwide. Source: DOE (2009).

368 PART | II Technological Fixes



TABLE 1 Renewable Electric Power Capacity as of 2008

Technology

World

Total

Developing

Countries EU-25 China

United

States Germany Spain India Japan

Gigawatts
Wind power 121.0 24.0 65.0 12.2 25.2 23.9 16.8 9.6 1.9

Small hydropower 85.0 65.0 12.0 60.0 3.0 1.7 1.8 2.0 3.5

Biomass power 52.0 25.0 15.0 3.6 8.0 3.0 0.4 1.5 >0.1

Solar photovoltaic-grid 13.0 >0.1 9.5 >0.1 0.7 5.4 3.3 ~0.0 0.5

Geothermal power 10.0 4.8 0.8 ~0.0 3.0 0.0 0.0 0.0 0.5

Solar thermal power-CSP 0.5 0.0 0.1 0.0 0.4 0.0 0.1 0.0 0.0

Ocean (tidal) power 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

Total renewable power
capacity
(excluding large hydro)

207.0 119.0 96.0 76.0 40.0 34.0 22.0 13.0 8.0

For comparison
Large hydropower 860.0

Total electric power capacity 4700.0

Note: Small amounts, on the order of a few megawatts, are designated by “~0.” Biomass power, large hydropower, and total electric power capacity are approximate.

Global estimate for 2007 total renewable power capacity is 240 GW.
Source: REN21 (2009).
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2.2. Investment

In recent years, the world has experienced major developments in research,
demonstration, and deployment of new RE technologies. In 2008, investors
devoted more than $155 billion globally to new RE capacity, manufacturing
plants, and research and development (R&D)dthis was an increase of 5% from
2007 (UNEP, 2009).

2.2.1. Renewable Energy Investment Trends

Annual investments in new renewable capacity increased from $60 billion in
2005 to $93 billion in 2006, $148 billion in 2007, and to $155 billion in 2008
(UNEP, 2009).1 In 1999, this figure was about $10 billion. In 2008, these
investments were dominated by wind power, followed by solar PV and bio-
fuels. According to more aggressive estimations, venture capital (VC)
investment in green energy technologies exceeded $4.1 billion in the third
quarter of 2008 (Figures 2 and 3), far exceeding any previous quarter on
record (the first quarter of 2008 was $2.2 billion and the second quarter of
2008 was $3.2 billion). Investment in solar technology led the VC charge in
the third quarter with more than $1.5 billion invested in 26 VC financing
rounds (Greentech, 2008). Investment levels are on track to reach $450 billion
a year by 2012 and $600 billion a year in 2020 (UNEP, 2008). However, due to
the economic crisis of 2008 and beyond, these expectations are probably no
longer valid.

FIGURE 2 Public Market Transactions versus Venture Capital (VC)/private Equity (PE)

Transactions between 2004 and 2008. Source: NEF (2009).

1. According to REN21, the investment figures are a more conservative $39 billion in 2005,

$63 billion in 2006, $104 billion in 2007, and $120 billion in 2008.
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2.2.2. Investment Trends by Country

Figure 4 shows investment by country between 2007 and 2008. In 2007, the
United States led the world globally in RE investments, followed by Spain and
China. In 2008, investments decreased globally, but the United States still
maintained its lead, followed by Spain, Brazil, and China.

2.2.3. Investment Trends by Technology

In 2008, only solar and geothermal experienced significant growth in terms of
VC and private equity (PE) investments. Solar investments grew 49% from
2007 levels to reach $33.4 billion, and geothermal grew 149% to reach $2.2
billion. Wind remained relatively stable, growing only 1% to $51.8 billion in
investments in 2008. Compared to 2005/2006 levels, investments in renewable
technologies are up more than tenfold.

Other technologies experienced a decrease in funding from VC and PE
investors (Figure 5). Biomass power dropped 25% from 2007 to $7.9 billion in
2008, and biofuels fell 9% to $16.9 billion. There was a significant decrease in
funding for efficiency technologies, with a drop of 33% from 2007 levels to
reach $1.8 billion.

2.2.4. Impact of Global Financial and Economic
Situation on Investment

As of the end of 2008 and early 2009, it is hard to determine the impact that the
global financial and economic crisis of 2008/2009 (and beyond) will have on
the future of investment in RE technologies. Early-stage investment seems to
be shielded from most of the negative impact of the downward trend in the

FIGURE 3 Global New Investments in Clean Energy (mainly renewables). Source: NEF (2008a).
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financial markets, primarily because this capital is sourced from third parties
who are not directly impacted by the credit market. It is the large-scale
deployment projects that may find the most difficulty securing financing
options going forward in the near term, given that available debt has become
more scarce (Greentech, 2008; REW, 2008; WSJ, 2008). Because the supply of
money available to lend has contracted, the cost of borrowing is expected to be
substantially higher. This could impede the incorporation of debt financing for
RE equipment, increase construction costs, and affect project development as
a whole. While this negative effect is significant, it is considered less of an
issue than the reduced tax equity investments.

The market for tax equity is sizeably smaller than recent “boom” years in
the financial and RE industries, falling precipitously in October 2008 with the

FIGURE 4 Investments by Country in 2007 and 2008: Investment Includes Asset Financing,

Public Market Investment, and Venture Capital/Private Equity. Source: NEF (2008a) and UNEP

(2008).
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U.S. financial crisis. Most, if not all, of the handful of traditional tax equity
investors saw a massive loss in profitabilitydand some no longer exist.
Replenishing these sources of investment will likely prove to be a difficult
challenge for near-term financing of RE projects. Attracting new tax equity
investors is possible, but the project’s tax equity returns will need to increase.
Wind projects may be particularly impacted by the reduction of tax equity due
to their larger project size and shorter tax incentive extensions.

The impact of the financial crisis on RE financing also depends on the time
horizon, often based on 40-years. Most immediate-term projects that obtained
financing prior to October 2008 are being honored and moving forward.
However, the near-term development of RE projects seems to be most
impacted by the crisis, and there are wide-ranging estimates regarding the
extent to which near-term projects are in jeopardy. On a longer-term basis,
however, the outlook for RE financing and project development is positive
because the financing issues are mitigated, perhaps through further government
assistance or an eventual economic rebound. As of early 2010, market
conditions appear to be stabilizing, with substantial investments being placed
in technology companies, project finance, and strategic acquisitions. Post-
Copenhagen pledges by some 100 countries are anticipated to provide
substantial longer-term policy environments.

3. MARKET AND TECHNOLOGY TRENDS

This section covers trends by specific technology.

FIGURE 5 Investment by Technology in 2007 and 2008. Source: NEF (2009) and UNEP (2009).
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FIGURE 6 Development of Globally Installed Hydropower. Source: DOE (2009).
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3.1 Growth of Hydropower Generation

In 2008, hydropower represented 20% of global electric capacity. Figure 6
shows the development of installed hydropower between 2000 and 2008.

3.2. Growth of Wind Power Generation

In 2008, more than 70 countries had wind power. In 2008, the wind capacity
grew by about 29%, and the total installed capacity reached about 121 GW
(Figure 7). Offshore wind powerdbeing more costly and creating new main-
tenance concernsdgrew in recent years with a few hundred megawatts annu-
ally (REN21, 2009; UNEP, 2009).

Worldwide, the wind industry has seen enormous growth in both generation
and installed capacity in the past two decades. In 2006/2007, the wind power
industry was experiencing supply chain difficulties due to booming demand.
The wind industries in China and India continued to grow.

Germany, Spain, and Denmark have employed public policy mechanisms
for the period represented in the figure. Germany’s consistent policy approach
has led to strong consistent growth and created the largest wind market
worldwide in terms of capacity installed. Spain has experienced major growth
since the appropriate policy was passed in 1997. Denmark’s wind industry
experienced steady growth through the 1990s; though new growth has tapered
in the past few years as market saturation and land constraints have been
reached. Although surpassed in capacity by Germany in 1997, the United States
also has a strong growth curve for wind (Figure 8), driven largely by the
production tax credit (PTC). Since its establishment in 1992, the PTC has
experienced a series of short-term extensions, but it was allowed to lapse in
three years: 1999, 2001, and 2003. The impact of the tax credit expiration is
clear in the figure, as growth in capacity stalled in 2000, 2002, and 2004. As an
additional comparison, the Chinese wind market is also considered in this
analysis. China’s wind market has grown sharply since 2000, with average
annual growth rate (2000e2007) of about 43%. Although the country does not
have a national market-oriented policy, it does have government-centered
policies that support wind energy.

The boom-and-bust cycle of wind development due to the short-lived nature
of the PTC is apparent in Figure 9. The PTC expirations reduced the annual
growth rates in the United States to less than 10% for the year following the
expiration and have been disastrous to planning efforts.

In 2008, Europe had 55% of the global share of wind capacity (about 66
GW of total 121 GW). Germany and Spaindtwo European Union (EU)
member states with aggressive feed-in tariff (FIT) policiesdaccount for more
than half of the EU-27 installed wind capacity. In 2008, Germany had 23.9 GW
of installed capacity, Spain followed behind with an installed capacity of 16.8
GW, and Italy had a capacity of 3.7 GW (Figure 10).
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FIGURE 7 Global Growth of Wind Generation between 2000 and 2008. Source: DOE (2009).
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3.3. Growth of Solar Power Generation

Solar technologies generally include direct electric power generation via solar
cells or PV, concentrating thermal solar power (CSP), solar hot water (SHW),
passive solar, and many smaller direct uses such as solar cook stoves. Within
PV, multiple technologies are now available, including crystalline silicon,
concentrating PV, and thin films comprised of many different technologies
ranging from amorphous silicon, to copper indium gallium selenide, to organic
compounds.

FIGURE 8 Wind Markets in the United States and Germany. Source: AWEA (2010), GWEC

(2010).

FIGURE 9 U.S. Annual Wind Capacity Additions. Source: DOE (2009).
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FIGURE 10 Worldwide Wind Capacity. Source: DOE (2009).
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In 2008, solar PV production was 6.9 GW, up from 3.7 GW in 2007 and 2.5
GW in 2006. In recent years, solar PV market growth was centered in Germany,
Japan, Spain, Italy, and South Korea; and in California and New Jersey in the
United States. The installed capacity grew about 50% in 2006, 2007, and 2008,
with a total installed capacity at the end of 2008 of nearly 16 GW (including
off-grid installations) (REN21, 2009).

The development of solar thermal electricity (STE)dor CSPdstagnated
from the early 1990s through 2004 (Figure 11). New initiatives were developed
in Israel, Portugal, Spain, and the United States. In 2006/2007, Arizona
completed a 1 MW trough plant and Nevada built a 64 MW solar thermal plant.
Spain also completed a central receiver plant. Egypt, Mexico, andMorocco (with
the support of the World Bank) developed three integrated CSP/combined-cycle
plantsdthe CSP component of these plants is 20e30 MW. The total installed
CSP capacity at the end of 2008 was 0.5 GW (REN21, 2009; World Bank, 2009).

In the United States, some 424 MW of CSP are operational in 2009, with
more than 8,000 MW with signed power purchase agreements. Spain has 435
MW of commercial CSP generation; CSP projects with about 2,000 MW have
provisional registration. Parabolic trough plants are expected to dominate this
growth in coming years although several substantial tower and dish-engine
projects are under development.

Almost 70 CSP electricity projects are in the planning phase, mainly in North
Africa, Spain, and the USA. With the support of the current tariff, Spain
completed the 11-MW PS10 power tower plant in 2007 and the 20-MW PS20
tower in 2009. In addition, Spain’s 50-MWparabolic trough systemwith 7.5 hours
of storage, Andasol 1, came on line at the end of 2008. Several additional plants
have comeon line in 2009 and 2010, givingSpain a total capacity of over 400MW.

Rooftop solar collectors provide hot water to more than 60 million house-
holds worldwide, mostly in China. The global installed capacity in 2006 was
about 105 GWh, an increase of 19% from 2005. As of the end of 2007, the
installed capacity was about 126 GWh, an increase of 19% again (REN21,
2008; UNEP, 2008; REN21, 2009).

Four countries dominate in quantity of solar PVs installed. Figure 12 illus-
trates the increasing levels of capacity experienced in these countries: Germany,
Spain, Japan, and the United States. From 2005e2007, Germany again showed
the highest growth rate in PV capacity, followed by Spain. The outlook for solar
PV is projected to shift from a supply-constrained market to one that is led by
demand. The crystalline silicon module price is expected to fall to about $2.4/W
in 2009; this decrease in price would be more rapid than the decline in incen-
tives, which would help create longer-term expansion of the industry as demand
strengthens in response to such low module prices. While investment declined in
2008, the trend is expected to turn toward increased investment in “downstream”
companies such as developers, installers, and inverter manufacturers (NEF,
2008b). Top solar PV manufacturers in 2008 were Q-cells (Germany), First
Solar (U.S.), and Suntech (China) (Prometheus Institute, 2009).
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FIGURE 11 Global Growth of Solar Generation. Source: DOE (2009).
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3.4. Growth of Geothermal Power Generation

About 80 countries have geothermal plants, with Iceland in the lead, generating
about 26% of its electricity from six large geothermal power plants
(Orkustofnun, 2007). The heating capacity has increased by about 30%e40%
annually in recent years. Geothermal heat pumps are a rapidly growing market,
with more than 2 million heat pumps used in more than 30 countries. Most of
the geothermal power capacity can be found in Italy, Japan, New Zealand,
and the United States. By the end of 2008, the global installed electricity
generation capacity was 10.0 GW (Figure 13), with an addition of approxi-
mately 400 MW during the year (REN21, 2009). Growth trends for geothermal
power have been lower than other renewable power technologies due to
significantly different location-specific resource base, technology development,
and investment risk profile. However, technology development in enhanced

FIGURE 12 Trends in Photovoltaic Applications. Source: IEA (2008b), SEIA 2010.
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FIGURE 13 Global Growth of Geothermal Generation Capacity. Source: DOE (2009).
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geothermal systems (EGS) offers the promise for significant global expansion
of this power source (MIT, 2006), as described below.

The market for geothermal energy continues to grow, with investments
being made and projects being built in both traditional geothermal and
emerging geothermal technologies. There are two main focus areas for
geothermal market development: hydrothermal technology and EGS tech-
nology (see Section 4 for more on the technologies).

EGS as a geothermal technology is particularly attractive from an investor
perspective, especially because traditional geothermal technology projects are
essentially capped for expansion. Based on external interviews, existing
hydrothermal projects are perceived to be relatively small in generation
capacity when compared to other base-load technologiesdto an investor, these
hydrothermal projects represent a declining asset value over time. Figure 14
shows that global investment activity in the technology during the period
2003e2008 was trending positively, with investments increasing from about
$3 million in 2003 to $131 million in 2008.

Figure 15 shows investment trends in hydrothermal, with U.S. geothermal
firms representing a significant share of the global total since 2004. Even when
counting the enormous impact of the Philippine National Oil Company-Energy
Development Corporation (PNOC-EDC) privatization in 2007, the U.S. share
of total investments averaged 30% for 2000e2008. U.S. geothermal firms
received more than $2 billion during that period, averaging about $400 million
per year since 2004.

3.5. Growth of Bioenergy

Bioenergy remains one of the world’s most used energy sources globally.
However, most of this use is categorized as “traditional biomass” in

FIGURE 14 Enhanced Geothermal Systems (EGS) Investments. Source: NEF (2008a).
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developing countries. Modern bioenergy has two primary subuses: biopower
and biofuel.

For biofuels, the United States has become the dominant ethanol producer
(corn-based for blending gasoline), producing 18 billion liters in 2006, 24
billion liters in 2007 (RFA, 2009), and 34 billion liters in 2008 (REN21, 2009).
However, ethanol production in Brazil increased to almost 19 billion liters in
2007 and 25 billion liters in 2008. Biodiesel production has increased in recent
years at 20%e100% the annual rates, particularly in Germany, France, Brazil,
Argentina, and the United States. Meanwhile, the impact of the production and
consumption of biofuels on food prices, biodiversity, water consumption, and
the mitigation of greenhouse gases (GHGs) is strongly debated, especially in
Europe and the United States. Global biofuel production has more than
quadrupled from 4.8 billion gallons2 in 2000 to about 24 billion in 2009, but
still accounts for less than 3% of the global transportation fuel supply
(Figure 16). About 90% of production is concentrated in the United States,
Brazil, and the EU (Figure 17). Production could become more dispersed if
development programs in other countries, such as Malaysia and China, are
successful. The leading feedstocks for producing biofuels include corn, sugar,
and vegetable oils.

The installed capacity of biopower (biomass used to generate electricity)
grew at a rate of about 4% a year between 2000 and 2008; the capacity
increased from about 37 GW in 2000 to 52 GW in 2008 (Figure 18). The
worldwide biopower sector is expected to increase by another 21 GW in the
next five years to reach a cumulative installed capacity of 71 GW by 2012,

FIGURE 15 Hydrothermal Investment in the United States and the Rest of the World e ROW.

Source: NEF (2008a).

2. 1 gallon ¼ 3.79 liters.

384 PART | II Technological Fixes



suggesting a growth rate of about 9% a year (NEF, 2008a). The growth in the
worldwide biopower energy market is particularly driven by the United States,
Brazil, and Germany. However, by 2012, Spain and India are expected to
surpass the leading nations in annual installed capacitydSpain is expected to
add 8 GW and India is expected to add 4 GW annually, becoming the fastest-
growing biopower nations in the world (NEF, 2008a).

3.5.1. Bioenergy Market Development

Bioenergy is poised to create a growing impact on the global energy infra-
structure, provided that technology innovation and distribution issues continue
to be addressed. Observers have predicted that the biofuels industry has
a 10-year window of opportunity to evolve into a global, interdependent energy

FIGURE 16 Global Production of Liquid Biofuels between 2000 and 2008. Source: RFA 2010,

REN21 2010
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FIGURE 17 Global Biofuel Produc-

tion by Country in 2009. Source: RFA

2010, REN21 2010
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FIGURE 18 Global Growth of Biomass Based Electricity Generation Capacity. Source: DOE (2009).
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system (Accenture, 2008). The growth of this industry will depend on the
fluctuation of traditional fuel prices, potential instability of existing fossil fuel
resources and distribution, and the technological innovation needed to adapt the
worldwide vehicle and transport fleet to new fuels. Future trends could include
the use of first-generation biofuels and “next-generation” biofuels side by side
in the energy market, with fuels sourced from the more challenging cellulosic
feedstocks entering after several years.

3.5.2. Biopower

Market data on biomass power capacity and generation is sparse: The European
Commission (EC, 2008a; 2008b) does not distinguish between electricity
generation from biomass and heat production from biomass in its statistics.
Germany has the most extensive data collected on biomass electricity gener-
ation and capacity of any country. Germany provides differentiated tariffs for
each type of biomass electricity generation, which has led to market devel-
opment in all areas. At the end of 2008, the globally installed biopower capacity
was estimated at 52 GW, mostly in developing countries (25 GW) and EU-27
(15 GW) (REN21, 2009) (Figure 19).

3.5.3. Biofuels

New investments in biofuels reached $16.9 billion in 2008 (UNEP, 2009)
(Figure 20). For 2008, investors announced more than $6 billion for ethanol
production facilities in Brazil, Canada, France, Spain, and the United States. In
2007, about 50 billion liters of ethanol fuel were produced globally (RFA,
2008), and in 2008 about 67 billion liters (REN21, 2009).

FIGURE 19 Total Global Investment in Biomass Electricity. Source: UNEP (2009).
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Figure 20 highlights investment trends for technologies that appear to hold
the most market promise for “next-generation” applications. From October 2006
to December 2008, there was $915 million privately invested in this new
generation of biofuels (NEF, 2009). Approximately $220 million of this has gone
to researching algae as a potential feedstock, as companies look to alternative
feedstocks to address controversy regarding energy versus food markets. In this
period, investments were made in biobutanol companies totaling $154 million;
biobutanol can be used in the existing vehicle fleet and can be distributed in the
existing pipeline infrastructure (NEF, 2009a). Finally, $539 million was invested
in enzymatic hydrolysis; this technology is attractive because of its compatibility
with “first-generation” starch and sugar hydrolysis and fermentation.

The term “next generation” in bioenergy is widely accepted for a tech-
nology that uses nonfood feedstocks and new ways of converting the power
stored in plant-based carbohydrates to usable energy. Figure 21 captures the
essence of this by categorizing three primary nonfood feedstocks, with six
conversion technology pathways, and multiple fuel and product outputs.
A fourth important fuel output category is “fungible” fuels, which are fully
compatible with existing petroleum refining, distribution, and use value chains.
These advances could widen the market for biofuels considerably. New feed-
stocks could also dramatically reduce the cost of fuel production and reduce
land-use requirements and environmental emissions.

3.5.4. Bioenergy and Food versus Fuel Debate

The perception that land and feedstocks for bioenergy may be competing with
their potential use for food can have negative ramifications on continued
government support for the technology. Renewable energy RE production

FIGURE 20 Venture Capital/Private Equity Cumulative Biofuel Investment. Source: NEF (2009a).
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continues to rely on public policy support; as of late 2008, subsidies for
renewables globally are greater than $20 billion per year, a majority of which
are allocated for biofuels. While perception is key, analyses conducted by New
Energy Finance, the Department of Energy (DOE), and the Food and Agri-
culture Organization (FAO) (NEF, 2008a; Karsner, 2008; Glauber 2008) note
that biofuel production has not been the dominant factor in the steady increase
in food prices from 2004 to 2008. The authors conclude that, while biofuel
production has been one driver of food-price inflation, more significant drivers
are the increase of input costs, changes in consumption habits, and increase in
global population.3 The decrease of food prices after mid-2008 supports this
finding. Figure 22 shows the estimated fraction that biofuels contribute to the
supply and demand price drivers for grains, food oils, and sugar.

3.6. Market Projections: Potential versus Pragmatic Penetration

RE use for electricity and for fuel is expected to grow in the coming decades.
Globally, under business-as-usual assumptions, the share of electricity gener-
ation from nonhydro renewable sources is projected by International Energy
Agency (IEA) to increase from 2.5% in 2007 to 8.6% in 2030, the fastest rate of

FIGURE 21 Pathways to Biofuels. Source: NREL

3. For the first time in decades, population growth has not been matched by an increase in agri-

cultural yields, particularly grains.
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increase of all power generating technologies. Of these renewable technologies
(wind, solar, geothermal, tide and wave, bioenergy), wind will see the biggest
increase in power generation (IEA, 2009). The IEA’s stabilization scenarios at
550 ppm or 450 ppm paint a very different picture. In either scenario, non-
carbon dioxide (CO2) producing technologies including RETs, biofuels, CCS,
and nuclear contribute significantly more to the world’s energy mix. These are
only two of many possible futures for RE technologies. Further, the U.S. policy
environment (highlighted by numerous renewable electric standard or RES
bills and the Waxman-Markey comprehensive climate/RES/energy efficiency
standard bill, as well as investments under the American Reinvestment and
Recovery Act), are poised to significantly accelerate near- to mid-term
deployment of low-carbon technologies in the United States. An example of the
potential use of RETs in the United States under a climate scenario indicates
more than tripling the contributions of RETs to U.S. energy supply by 2030
(UCS, 2009). Additionally, China, and numerous other countries have recently
announced increased goals for the use of RETs.

Other reports, such as the National Academy of Sciences, have completed
U.S.-centric assessments indicating possible contributions of more than 20% by
2030 (NAS, 2010). Other reportsdbased on scenario frameworks, spanning
from advanced technology, policy, fossil fuel disruption, and so ondindicate
a broad range of potential contributions from as low as today’s 3% to more than
50% by 2050.4 We should recognize, as described below, that any market
projection reflects complex interactions among a set of assumptions related to
technology, policy, and markets, whereas the “absolute” or technical potential,
as described below is significantly higher and not a constraint.

FIGURE 22 Contribution of Biofuels to Food Supply/Demand Price Drivers between 2004 and

April 2008. Source: NEF (2008a) and UDOP (2008).

4. Many such reports exist and are too numerous to catalog here. For example, see 20% Wind by

2030 at www.eere.energy.gov/windandhydro/pdfs/41869.pdf or Energy [R]evolution 2050 at www.

energyblueprint.info/.
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It is more difficult to make market projections about the use of bioenergy
and renewable fuels, because many of the assumptions about market penetra-
tion are dependent on first-generation technologies, which limit the applica-
bility of market uptake. “Next-generation” renewable fuelsdspecifically
biofuelsdpresent a significant opportunity for accelerated market penetration
but remain a largely unknown entity for estimating market penetration. A 2008
research report by the consulting group Accenture estimates that biofuels could
make up 10% to 15% of the global market in the next 10 to 20 yearsdbut
reaching that level will be particularly challenging (Accenture, 2008). These
are consistent with previous technical estimates (IEA Bioenergy, 2009),
although it is recognized that technical estimates vary considerably due to
assumptions and methodologies.

3.6.1. Resource Potential

The U.S. is fortunate to have significant renewable resources. Figure 23 shows
the combined resources with their geographic distributions. Their superposition
illustrates the complexity of matching resource with energy demand, which
involves a complex mix of spatially-optimized technologies. A vast quantity of
energy can be supplied by renewables, but careful technology development,
policy planning, and market adoption measures will be required. Clearly, the
resource potential, particularly for solar and wind, is enormous compared to
today’s, and projected, power requirements. Well-known issues of variability
have begun to gain significant attention, and do not appear to be major barriers
for market shares up to ~30%. (UWIG Library, 2009). Moving toward a power
system with a majority of renewable generation is the subject of current
investigation, particularly with increased emphasis on systems level solutions,
including the introduction of IT-enabled power management, advanced fore-
casting, adaptive and shiftable loads, balancing area enlargement, additional
transmission infrastructure, and in very high penetration scenarios technology
advances in areas such as storage. The combination of these mulitiple enabling
capabilities will likely open up new opportunties for renewables to have an
even larger role in the power system.

3.6.2. Pragmatic Penetration

There are many perspectives on the key drivers to market growth in the future.
Those that have been largely accepted fall into three broad categories.

3.6.3. Infrastructure Evolution

For electric-sector technologies, access to and ability to build new transmission
has been frequently identified as a major barrier to expanding the role of RETs.
Issues related to siting, permitting, financing, cost allocation, and repayments, as
well as access and integration costs for the system operator and system utilities
have been identified. As we look forward, infrastructure evolution refers to the
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continued development of the so-called “smart grid.” An “intelligent” genera-
tion, transmission, and distribution system for energy will enable more renew-
ables to engage with the energy infrastructure. Without this intelligence, it will
be more difficult for the existing grid to incorporate larger amounts of inter-
mittent RE. This situation can be compared to the interaction between auto-
mobiles, roads, and traffic lights. If we were to introduce increasing numbers of
vehicles to our roads with no signals to direct the flow of traffic, the whole
system would collapse quickly into accidents and blockages. It is this intelli-
gence that enables vehicles to move through the system relatively seamlessly.
The roads need to be accessible by the vehicles being introduced to the system,
so more roads will need to be built to accommodate these new vehicles.

Similarly, power generated from sustainable sources such as wind and solar
needs to be generated and introduced into the grid. The variability of these
resources is greatly reduced with an increase in the number of distinct power
generation sites at different geographic locations, and can be accommodated at

FIGURE 23 Renewable Resources in the Continguous United States. Source: NREL (2009) e

see data notes in References section.
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a systems level with a combination of advanced forecasting, load shifting,
demand response (e.g. “smart appliances” and interruptible loads). Reserve
requirements and fast ramping generation will likely be needed, which could
also be addressed by pumped hydro or compressed air energy storage, or
through innovation in storage capabilities such as batteries, that will have to
compete economically with options such natural gas combined cycle. Strong
wind and sun resources may not be located near existing transmission and
distribution lines, and these distant sites may be economic to build, but will
require new transmission. Energy from these sources needs to be matched
intelligently to the needs of the end user to integrate these renewable resources.
These “smart” innovations are anticipated to allow for more dynamic control of
loads, which enables power system operators to more nimbly match load and
supply at higher penetrations (much greater than 20%) of renewables.

Similarly, infrastructure innovation and evolution may be needed for some,
but not all alternative fuels. Hydrogen, for example, will require the build-out
of hydrogen generation, storage, and distribution stations. Similarly, ethanol, as
it penetrates beyond a blending agent, requires the build-out of both flex fuel
fleets as well as high blend (e.g., 85% or more) ethanol distribution. This is not
necessarily the case for “fungible biofuels” such as “green diesel” or bio-based
gasoline, or JP-8 via Fisher Tropsche processes.

3.6.4. Financing Innovations

Financing innovations address up-front costs for renewable projects and long-
term value. Because the global economic system has not successfully
monetized the “value” of RE (or negative externalities such as GHG emis-
sions), innovative financing measures attempt to rebalance the equation by
mitigating up-front capital costsdthis levels the playing field when compared
to competing extractive energy projects. For example, the property-assessed
clean energy (PACE) model assesses energy efficiency and renewable
projects, which helps the regional public sector provide financing vehicles that
are tied to the property where that project takes place. This allows the up-front
capital costs of the project to be paid back over time through property taxes.
This financing model is enacted through specific policy legislation (at this
point, usually by amending existing legislation). Similarly, FITs are financial
transactions mandated by specific policy, where RE generation must be
purchased by the existing utility at a specified rate. This requirement enables
the value proposition of renewable project developers to become more robust,
which minimizes perceived risks and assures financial returns based on the
high capital costs and long recovery period.

3.6.5. Policy Motivators

Finally, policies that require specific levels of renewables to be devel-
opeddsuch as a renewable portfolio standard (RPS) or a renewable fuel
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standard (RFS)dmay continue to drive the market for renewable technologies.
Such quantitative target policies are implemented as part of a broader portfolio
of policies, including FITs, tax incentives, performance and service standards,
net metering, and many others.

4. TECHNOLOGY/RESOURCE PROSPECTS

This section discusses the future prospects for RE technologies, including both
cost trends and technology trends.

4.1. Overall Cost Trends

As depicted in Figure 24, RE technologies have experienced considerable cost
reductions during the past decades. There is considerable literature on learning
and cost reductions (Grübler, 2003; Nemet, 2006), indicating the importance of
R&D as well as market growth. As these technologies continue to expand their
market growth, as described above, additional cost reductions are anticipated.

The future cost trends show a narrower distribution of possible future costs.
But, from today’s perspective, the range of potential costs should remain rather
broad. This view is based on uncertainties of technology innovation and market
adaptation. That said, however, the historical learning trends of the RE tech-
nologies have shown robust temporal trends for the past 30 years. As tech-
nologies mature, however, diminishing marginal learning may be anticipated.

The costs of RE options must, of course, be considered within the context of
competing technologies and the operational policy environment. For example,
policies such as RPSs, FITs, and solar set-asides and direct subsidies for PVare
mechanisms that have been employed (along with many others) to require and
provide net positive investment environments for renewable technologies.
These exist during a period when competing fossil fuel generation technolo-
gies, such as coal and gas turbines, may be lower cost on the margin (given fuel
prices, cost of capital, etc.), and in which carbon externalities are not accounted
for in the economic evaluation. Many of these more mature power generation
technologies have experienced very little, if any, cost reductions during the past
decades (Nemet, 2006).

This section reviews a few select technology trends in detail.

4.2. Wind Technologies

During the past 25 years, average wind turbine ratings have grown almost
linearly with time since the introduction of 50 kW turbines in the early 1980s.
Current commercial machines are rated at 1.5 MW to 3 MW for land-based
turbines, and offshore turbines as large as 5 MWare being deployed with larger
machines on the drawing boards of several manufacturers. During the past 25
years, wind turbine designers have predicted that the current generation of
turbines had grown as large as they would ever be. However, with each new
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generation of wind turbines, the size has increased along a linear curve and
resulted in a reduction in life-cycle cost of energy with each increase in size.
This impressive evolution of wind turbine technology is illustrated in Figure 25.

The long-term drive to develop larger turbines stems from a desire to take
advantage of wind shear (wind speed increases with height above the ground)
by placing rotors in the higher, much more energetic winds at greater elevations
above ground. This is a major reason that the capacity factor of wind turbines
has increased over time. However, there are constraints to this continued
growth; in general, it costs more to build a larger turbine. The primary argument
for a size limit for wind turbines is based on the “square-cube law.” Roughly
stated, it says that “as a wind turbine rotor increases in size, its energy output
increases as the rotor-swept area (the diameter squared), while the volume of
material, and therefore its mass and cost, increases as the cube of the diameter.”
In other words, at some size the cost for a larger turbine will grow faster than
the resulting energy output and revenue, making scaling a losing economic
game. Engineers have successfully skirted this law by changing the design rules
with increasing size and removing material or by using material more effi-
ciently to trim weight and cost. Figure 26 illustrates how successive generations
of larger blade design have moved off the cubic weight growth curve (green
line) to keep weight down and reduce blade material costs and beat the “square-
cube” law (movement to blue curve, and more recently to weight/size ratios
indicated by the red dots).

Land transportation constraints can also pose limiting factors to on-shore
wind turbine growth. Cost-effective transportation can only be achieved by
remaining within standard over-the-road trailer dimensions of about 4.1 m high

FIGURE 26 Reduced Growth in Blade Weight Due to the Introduction of New Technology.

Source: Griffin (2001).
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by 2.6 m wide depending on the road classification and the country. Rail
transportation is often evenmore dimensionally limited. Offshorewind logistics
are less constrained by size, but at this early stage of market development are
constrained by availability of appropriately configured mobile support ships.

If advanced R&D provides better design methods, as well as new materials
and manufacturing methods that allow the entire turbine to scale as the diameter
squared, it would be possible to continue to innovate around the square-cube law
and clever engineering may provide new transportation solutions.

4.2.1. Near-Term Land-Based Challenges

During the past few years, the price of land-based wind-generated electricity
has been increasing after a 20-year downward price trend. Currently, the
unsubsidized cost of wind energy sold to utilities in the United States is about
5 to 9 U.S. cents/kWh depending on the wind regime and many other financial
factors as documented by Wiser and Bolinger (2007). Some of the reasons for
this recent price increase have been attributed to the following near-term issues:

l A significant rise in material costs such as steel and copper, as well as trans-
portation fuels, during the past several years.

l Fluctuating exchange rates in the global marketplace that increases the cost
of a few critical components that can currently be manufactured only in
a few countries.

l Transportation and installation cost increases due to the larger turbine size
and larger crane requirements.

l Reliability problems with some major turbine components, such as gear-
boxes and blades.

While these problems need to be solved, it is generally believed that the first
and second items will be self-correcting as the material and component supply
chains grow with increasing demand and the global economic situation
stabilizes.5 The third and fourth items are being addressed by turbine manu-
facturers and their suppliers, as well as wind research laboratories, and these
problems appear to be solvable using current state-of-the-art engineering
techniques and capabilities. While there are significant challenges that need to
be addressed with comprehensive applied research programs, they do not
present a fundamental limit to the continued evolution and improvement of
wind technology.

Significant expansion of wind power, toward and beyond 20% nationally in
the United States and more broadly globally, will require build out of trans-
mission networks (similarly for CSP and traditional fossil fuel and nuclear
technologies) (DOE, 2008a). This is primarily because high-quality wind

5. There are many who believe higher commodity prices are here to stay as global demand for

steel, concrete, copper, and fuel (particularly in China) remains high.
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resources are often not located near demand centers. Integration of wind at
these higher penetration levels has been studied in detail for Europe and many
areas of the United States. In general, these studies indicate technical feasibility
for wind penetration ranging from 20%e40%, and detail the transmission
requirements, ancillary services, and operational issues to be addressed
(UWIG, 2009).

4.2.2. Potential Future Land-Based Turbine Technology
Improvements

Both the EU (2008) and the U.S. DOE (2008) have identified a broad array of
wind energy R&D activities that have the potential to significantly improve the
cost and performance of wind technology, which are generally quite similar in
perspective (also see WindPACT study, 1999). The U.S. DOE report titled 20%
Wind Energy by 2030 (DOE, 2008a) summarizes the range of potential impacts
on energy production and capital costs from a number of these advancesdthese
ranges are shown in Table 2. Although not all of these potential improvements
may be achieved, there is sufficient potential to warrant continued R&D. The
most likely scenario, as shown in Table 2, is a sizeable increase in energy
production with a modest drop in capital cost (compared to 2002 levels, which
are the baseline for the estimates in Table 2).

In summary, current thinking in the United States and Europe indicates that
no “big breakthrough” is on the horizon for land-based wind technology.
However, many evolutionary R&D steps executed with technical skill can
cumulatively bring about a 30%e40% improvement in the cost-effectiveness of
wind technology during the next two decades. This continued learning (cost
reduction with increased market use) compares favorably to more mature
technologies such as fossil fuel power. Technology improvement as described
above will help wind become more competitive with conventional generation
technologies. Cost reductions can also be achieved through good practice in
siting and improving O&M strategies.

4.2.3. Offshore Wind Turbine Technology Status

Worldwide offshore wind energy resources are abundant, indigenous, and
broadly dispersed and many of the most expensive and highly constrained
electric load centers are also located on or near a coastline. At the end of 2007,
the wind industry had developed 25 offshore projects in European waters, many
of them large-scale and fully commercial with a total capacity of around 1100
MW. The European Wind Energy Association (2007; 2008) foresees offshore
wind installations growing to between 20 and 40 GW depending on the policies
implemented, while the U.S. 20% Wind Energy by 2030 report (DOE, 2008a)
indicates that approximately 50 GW could be offshore. The current estimate for
offshore wind energy is in the range of 10 to 15 U.S. cents/kWh depending on
the wind conditions, water depth, and installation complexity. There is less
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TABLE 2 Areas of Potential Technology Improvement

Technical Area Potential Advances

Increments from Baseline

(Best/Expected/Least, Percent)

Annual Energy

Production (%)

Turbine Capital

Cost (%)

Advanced Tower Concepts * Taller towers in difficult locations
* New materials and/or processes
* Advanced structures/foundations
* Self-erecting, initial, or for service

þ11/þ11/þ11 þ8/þ12/þ20

Advanced (Enlarged) Rotors * Advanced materials
* Improved structural-aero design
* Active controls
* Passive controls
* Higher tip speed/lower acoustics

þ35/þ25/þ10 �6/�3/þ3

Reduced Energy Losses and Improved Availability * Reduced blade soiling losses
* Damage tolerant sensors
* Robust control systems
* Prognostic maintenance

þ7/þ5/0 0/0/0

4
0
0

P
A
R
T
|

II
Tech

n
o
lo
gical

Fixes



Advanced Drive Trains (Gearboxes, Generators, and
Power Electronics)

* Fewer gear stages or direct drive
* Medium-/low-speed generators
* Distributed gearbox topologies
* Permanent-magnet generators
* Medium-voltage equipment
* Advanced gear tooth profiles
* New circuit topologies
* New semiconductor devices
* New materials (GaAs, SiC)

þ8/þ4/0 �11/�6/þ1

Manufacturing Learning * Sustained, incremental design and
process improvements

* Large-scale manufacturing
* Reduced design loads

0/0/0 �27/�13/�3

Totals þ61/þ45/þ21 �36/�10/þ21

Note: Since the 2002 baseline for this analysis, there has been a sizeable improvement in capacity factordfrom just over 30% to almost 35%dwhile capital costs have

increased due to large increases in commodity costs and a drop in the value of the dollar. Therefore, working from a 2006 baseline, we can expect a more modest increase in

capacity factor. The 10% capital cost reduction is still possible, although beginning from a higher 2008 starting point, because commodity prices may not drop back to 2002

levels.
Source: DOE (2008a).
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operational experience with offshore wind, so the long-term operations and
maintenance costs are still in question.

The typical shallow water baseline offshore wind turbine is essentially
a marinized version of the standard land-based turbine with some system
redesigns to account for ocean conditions (Musial, 2007). These modifications
include structural upgrades to the tower to address the added loading from
waves, pressurized nacelles and environmental controls to prevent corrosive sea
air from degrading critical drive train and electrical components, and personnel
access platforms to facilitate maintenance and provide emergency shelter.
Offshore turbines must have corrosion protection systems at the sea interface,
and high-grade marine coatings on most exterior components. For marine
navigational safety, turbine arrays are equipped with warning lights, vivid
markers on tower bases, and fog signals. To minimize expensive servicing,
offshore turbines may be equipped with enhanced condition monitoring
systems, automatic bearing lubrication systems, onboard service cranes, and oil
temperature regulation systems, all of which exceed the standard for land-based
designs. Lightning protection is mandatory for both land-based and offshore
systems. The major portion of the turbines’ nacelle covers and towers are
painted light blue or grey colors to minimize their visual impact especially at
long distances.

Today’s offshore turbines range from 2 to 5 MW and are typically repre-
sented by architectures that comprise a three-bladed horizontal-axis upwind
rotor, nominally 80 m to 126 m in diameter. Tip speeds of offshore turbines are
typically higher than land-based turbines at 80 m/s or more. The drivetrain
topology consists of a modular three stage hybrid planetary-helical gearbox that
steps up to generator speeds between 1000 and 1800 rpm, which is generally
run with variable speed torque control, although direct drive generators may
prove to be a viable alternative. Tower heights offshore are lower than land-
based turbines because wind shear profiles are less steep, tempering the energy
capture gains sought with increased elevation.

The offshore foundation system differs most substantially from land-based
turbines. The baseline offshore technology is deployed in arrays using
monopiles at water depths of about 20 m. Monopiles are large steel tubes with
wall thickness of up to 60 mm and diameters of 6 m. The embedment depth will
vary with soil type but a typical North Sea installation will require a pile that is
embedded 25 m to 30 m below the mudline and that extends above the surface
where a transition piece with a flange to fasten the tower is leveled and grouted
on. The monopile foundation requires a special class of installation equipment
for driving the pile into the seabed and lifting the turbine and tower in place.
Mobilization of the infrastructure and logistical support for a large offshore
wind farm is a significant portion of the system cost. The wind turbines are
arranged in arrays that take advantage of the measured prevailing wind
conditions at the site. Turbine spacing is chosen to minimize aggregate power
plant power losses, interior plant turbulence, and the cost of cabling between
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turbines just as land-based wind farms do, except water depth presents a siting
obstacle just as rough terrain does on land.

4.2.4. Potential Future of Offshore Turbine Technology
Improvements

There are many engineering challenges for offshore wind technology associ-
ated with the greatly increased scale and the added complexity of the offshore
wind and ocean environment. The European UpWind research project (Jensen,
2007) envisions the turbines growing in scale to 8e10 MW and having rotor
diameters greater than 120 m, which is a challenge to design, build, install, and
operate at sea. The UpWind project has been established to address this
multitude of engineering challenges and the project addresses the following
technical areas:

l Aerodynamics and aeroelasticity
l Rotor structure and materials
l Foundations and support structure
l Control systems
l Remote sensing
l Condition monitoring
l Flow
l Electrical grid
l Management

The UpWind project also addresses the systems integration topics of: integrated
system design and standards, metrology, training and education, innovative
rotor systems, electricity transmission and conversion, smart rotor blades, and
system up-scaling, through the use of a matrix organizational structure. In
general, offshore wind technology is expecting to gain improvements similar to
those envisioned for land-based wind turbines, but at a much larger machine
scale and in a more hostile operating environment. Clearly, to reach the turbine
rotor sizes planned, the researchers must continue to beat the “square-cube law”
and design larger and lighter rotors, as illustrated in Figure 27.

4.3. Solar Technologies

The Earth receives more energy from the sun in one hour than the global
population uses each year. Not only does solar energy have a larger technical
potential than any other RE resource, it is readily available in every inhabited
environment. However, capturing this large but diffuse energy resource will
require overcoming both technical and economic challenges.

As highlighted earlier in the chapter, in recent years, solar PV market
growth was centered in Germany, Japan, Spain, Italy, and South Korea; and
in California and New Jersey in the United States. The installed capacity
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grew about 50% in 2006, 2007, and 2008, with a total installed capacity
at the end of 2008 of nearly 16 GW (including off-grid installations)
(REN21, 2009).

Solar technologies have the potential to significantly reduce global carbon
emissions. However, reaching solar penetration levels high enough to effec-
tively reduce emissions will require significant growth in the global PV and
CSP markets, which will need to be driven by continued price reductions and
efficiency gains. Going beyond this level will bring additional challenges such
as integrating intermittent PV generation into the electricity grid and building
additional transmission capacity linking CSP in areas with a good solar
resource to load centers (Denholm et al., 2009).

4.3.1. Solar Cost Trends

PV modules have experienced significant efficiency improvements during the
past few decades (from fundamental design aspects and also from process
improvements), and have undergone unprecedented market growth during
recent years. This growth has been supported by government subsidies and
other financial incentives. Module prices in 2007 and 2008 were nearly $4/
Watt-peak (Wp); module prices are at this time still higher than the often cited
$1/Wp needed for grid parity. However, reductions in supply chain constraints
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FIGURE 27 These Pathways Show How Wind Turbine Technology Evolves from Land-Based

Turbines to Shallow Water Offshore and Then Into Deeper Waters. Source: Musial (2007).
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and increased manufacturing output (particularly of thin films) have led to
a significant drop in wholesale prices. One manufacturer, FirstSolar, announced
in late 2009 that they had achieved less than $1/W manufacturing costs. This
does not include balance of systems, installation, or financing costs.

Although PV prices increased in the past several years, prices have been
steadily falling during the past few decades (Figure 27). The primary force
driving PV prices has been the marketdsupply and demand factors, including
complex dynamics on the supply side, which are now being addressed through
new silicon supply and increased manufacturing throughput for thin-film
technologies. Although prices have increased in recent years, PV prices started
falling again after silicon prices eased and demand weakened from Germany
and Spain in 2009. In Figure 28, the green curve represents nominal prices
while the blue curve represents the prices in 2007 dollars (this does not include
thin-film technologies).

PV module prices have been steadily falling during the past few decades,
primarily due to technology improvementsdusing lower cost feedstocks,
efficiency increases, thinner solar cells, reduced technical losses, increased
manufacturing throughput, and so on. The price of raw silicon has already
started to decrease due to increased supply, a trend expected to continue
through 2015. Table 3 shows the spot market prices for polysilicon feedstocks,
and manufactured wafers and solar cells. If the polysilicon price continues to
fall to $50/kg, solar module costs may be reduced to less than $3/Wp.
Depending on PV demand, this decrease in silicon price could be used to
increase profit margin or to lower PV system prices.
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Solar industry analysts predict that with new polysilicon feedstock
manufacturing plants coming online in 2008, supply bottlenecks will decrease,
possibly to the point where supply outpaces demand. If this happens, poly-
silicon “oversupply” could cause a sharp decline in silicon prices. However,
sudden price drops in silicon may be self-correcting as new PV manufacturing
technologies continue to reduce PV costs, increasing demand for both PV and
silicon (Price, 2010). A comprehensive report by the International Energy
Agency (IEA 2010) indicates investment costs for concentrating solar power
(CSP) have the potential to be reduced by 30% to 40% in the next decade.

4.3.2. Solar Power Research Prospects

PV cell development continues to bring new advances in cell design, new
materials systems, and new record efficiencies. A broad technology portfolio

TABLE 3 Polysilicon Spot Market Price Drop

Polycrystalline Silicon 2007 Price 2008 Price (Sept. 2008)

Materials $400e430/kg $350/kg for solar grade

Wafers $11e12/in. $10-10.50/in.

Cells $3.4e3.8/W $3.2-3.4/W

Source: Taipei and Hwang (2008).

FIGURE 29 A Diagram of a ~41% Efficient Multiple Junction Concentrator Cell (Developed by

Spectrolab/Boeing/NREL). Source: Geisz (2007).
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includes PV R&D for next-generation technologies focused on increasing
efficiency (multijunction), reducing costs (organic, dye-sensitized), or both
(quantum dots, etc.). For example, multijunction single crystal cells (typically
for concentrator or space systems) have been demonstrated in the lab with more
than 40% efficiency (Kurtz, 2009). A typical design is shown in Figure 29,
which involves more than 20 thin layers and extreme control during deposition
and processing.

Thin-film organic cells are now approaching 8% efficiency, with prospects
for inexpensive manufacturing at scale. These new materials will compete with
CdTe (cadmium telluride) and CIGS (copper indium gallium selenide) thin
films, which are commercial today and gaining economies-of-scale advantages
(Figure 30).

Even more revolutionary concepts for new solar PVs are under investiga-
tion, stemming from growing interest and capabilities in nanostructures and
quantum physics. For example, Nozik (2008a) reported quantum efficiencies
greater than 1 for the creation of multiple excitons from a single photon in
properly sized quantum dots (Figure 31). Theoretical calculations of electrical
conversion efficiencies up to 80% may be possible (Nozik, 2008b).

These novel approaches to solar conversion offer improvements to the
overall cost-effectiveness of solar electricity. Other approaches, as briefly
mentioned above, include large-scale manufacturing of thin films at moderate
conversion efficiencies, as well as systems approaches that include concen-
tration, combined electrical and thermal output, and integration into building

FIGURE 30 PV Cell Efficiency. Source: Kurtz 2009
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materials such as façade glass or roofing. The multitude of approaches shows
that a number of solutions may be effective, and will be adaptable for the range
of market conditions across both developed- and developing-country
applications.

A classical argument for solar PV (and other) technology has been “grid
parity.” This argument is based on the delivered price per kW/hr, which is
a function of capital price, financing cost and duration, and O&M costs
compared to the price of “grid-delivered” power. Clearly, with continued
decreases in PV capital costs, the levelized cost of energy (LCOE, usually
expressed in cents/kW/hr or dollars/MW/hr) is falling. Grid power, on the other
hand, depends on fuel prices (e.g., spot price of natural gas). In regulated
markets, it involves decisions by the public utility commissioners regarding
return on assets for investments in transmission, and other rate-case issues such
as emissions costs. Grid parity, per se, is specific to a given pricing region and
pricing scheme (e.g., time-of-day pricing versus flat rate), and may be
achievable in the short term in some markets, and longer in others. Specific
analysis for the United States, for example, shows a range of “now to 5e10
years” depending on conditions. For countries with FIT policies, “grid parity”
was surpassed by the FIT approval. In many developing country markets, the
comparison is made versus batteries, kerosene, or open fires; in which case, PV
is by far the least-cost option for higher-quality lighting and electricity. This
option, of course, depends on affordability of the system, and has many
cobenefits related to health (Horton, 2009).

4.4. Biomass Technologies

Biomass differs from other RE resources (solar, wind, and geothermal) in that
it has a non-zero fuel cost. The total biomass cost, amounting to $20e$60 per
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FIGURE 31 Enhanced Photovoltaic Efficiency in Quantum Dot Solar Cells by Multiple Exciton

Generation. Source: Nozik (2008a).
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ton, stems from planting, management, harvesting, collecting, and trans-
portation. Because of the transportation cost, biomass power plants are
typically located within 50 miles of available resources. This limits plant
capacity to about 50 MW (although more efficient integrated gasification
combined cycle or IGCC plants could be twice that size), with the average
plant producing about 20 MW. Because the biomass resource is well-
dispersed, there are many opportunities to locate new plants near existing
transmission lines (Kutscher, 2009a).

The American Solar Energy Society’s Tackling Climate Change study
(ASES, 2007) concluded that biomass power could provide 110,000 MW of
electric power in the U.S. by 2030, enough to provide about one-third of the
electricity currently generated by coal. The main hold-up in deployment is that
its electricity cost (about 8 cents per kilowatt-hour) is not currently competitive
with coal. However, biomass is much cheaper than new nuclear power plants.
And if CO2 is eventually priced at about $30 per ton of CO2 or more, the cost of
biomass power will be on a par with that of coal.

Biomass power production offers many benefits. Capturing biomass waste
products reduces needed landfill capacity. Collection of forest residues reduces
fire danger. Perhaps most important, biomass power tackles climate change in
a number of ways. It can help shift agricultural emissions from methane to CO2,
which, pound for pound, would reduce the global warming impact by a factor
of 25 (Kutscher, 2009a). Studies have shown that the GHG emissions associ-
ated with burning forest residues are much lower than if those same residues are
allowed to decay on the forest floor. And biomass power plants can provide
baseload power, thus displacing coal plants, the worst carbon emitters in our
nation’s electric system.

Biomass also has the potential to fight climate change in a major way that
other renewable resources cannot. Biomass power using appropriate feedstocks
is usually considered to produce little to no net carbon emissions, exclusive of
harvesting and transport impacts. (Although biomass emits CO2 when it is
burned, it removes about a near-equivalent amount of CO2 from the air as it
grows.) But if carbon capture and storage technologies were used in conjunc-
tion with high-efficiency biomass-IGCC plants, biomass power could poten-
tially become carbon-negative and help decrease atmospheric CO2 (Kutscher,
2009a).

4.5. Geothermal Technologies

Geothermal power plants are similar to coal plants in that they generate
electricity by producing a high-temperature, high-pressure vapor that
passes through a turbine, which spins an electric generator (Kutscher,
2009b). There are a few ideal places in the world where dry (superheated)
steam exists near the surface. After drilling, that steam can simply be
routed directly to a steam turbine. Direct steam plants are used in Northern
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California at The Geysers, the world’s largest geothermal power plant
complex. More commonly, geothermal wells tap pressurized hot water.
If the temperature of that water is higher than about 350�F (or about
175�C), it can be rapidly boiled in a low-pressure flash tank where
a fraction of the water becomes steam. The steam is then routed to a steam
turbine.

For lower temperature resources, the hot geothermal fluid is passed through
heat exchangers, where it boils a secondary fluid having a lower boiling point
than water, like pentane or isobutane. The resulting vapor spins a specially
designed turbine.

These are called binary-cycle plants. While all geothermal power plants
have very low emissions, binary-cycle plants have virtually none, because all
of the geothermal fluid is returned to the ground. Binary-cycle plants also
have the advantage that they do not result in any water draw-down from
a geothermal reservoir, although they can decrease reservoir temperature
over time.

The best geothermal resources, so-called hydrothermal resources, have
three qualities: high near-surface temperatures (preferably at least 240�F, or
116�C; the higher the better), fluid content in the form of pressurized water or
steam, and permeable rock. All of the existing geothermal power plants in the
world are sited on hydrothermal resources.

But these resources are limited. Worse, we don’t even have a good handle
on how much we have. A 2008 U.S. Geological Survey (USGS) study esti-
mated that the United States has power production potential from identified
hydrothermal resources of between 4000 MW (95% confidence level) and
13,000 MW (5% confidence level). When the USGS attempts to include
potentially undiscovered resources, the range jumps to 11,000e90,000 MW
(with a mean of about 40,000 MW). This is a big range, and this resource
uncertainty is a key question mark for the future exploitation of geothermal
resources (Kutscher, 2009b).

The resource picture gets brighter if we ease our expectations for the three
qualities of good geothermal resources. If we are willing to drill down 3 to 10
kilometers, there are wide areas throughout the Western United States with
adequate temperature. And although those areas tend to be dry and low in
permeability, we can potentially inject water at high pressure and fracture the
rock, as is often done to enhance oil and gas recovery. This is the concept
referred to as EGS. When the same USGS study estimated EGS resources, the
range of power production potential jumped to 350,000e720,000 MW with
a mean of about 500,000 MW, which would be sufficient power to provide
virtually all the annual kilowatt hours of electricity needed in the United
States.

EGS has been researched in France and Australia and continues to be
a topic of intense investigation, given the ubiquity and size of the global
resource.

410 PART | II Technological Fixes



A 2006 Massachusetts Institute of Technology (MIT) report, The
Future of Geothermal Energy (MIT, 2006), was quite optimistic about
EGS and helped generate considerable interest. But while the EGS
resource is extremely large, exploiting it in a cost-effective way is no
trivial matter. For one thing, drilling costs go up exponentially with depth.
And there is the challenge of properly fracturing the rock without inducing
seismicity. The concept involves an injection well where high-pressure
water is pumped down into the hot rock, creating permeability. The water
then picks up heat as it flows to one or more nearby production wells.
But fracturing the rock in a way that allows the flowing water to
communicate with a large volume of hot rock without significant loss
needs to be demonstrated. Water loss is not only an obvious problem for
arid regions typical of EGS resources, but it also represents wasted
pumping power.

The MIT study concluded that to be economical, an EGS project must
obtain a continuous production well water flow rate of 80 kilograms per second
at 200�C (about 390�F). Limited water availability and high drilling costs may
result in shallower wells and lower temperatures, supporting binary-cycle
plants. Thus far, the highest achieved flow rate at an experimental EGS site has
been 25 kg per second.

A 2008 DOE study, An Evaluation of Enhanced Geothermal Systems
Technology (DOE, 2008b), evaluated the MIT analysis and described the
significant amount of R&D needed to create and sustain a viable EGS reservoir.
The DOE has had limited funding to tackle this. That changed recently when
the Obama administration announced that $80 million to support EGS R&D
will be provided from the American Reinvestment and Recovery Act. Even this
is a small amount compared to what will be needed. But the potential for EGS
to produce large quantities of baseload power justifies the expenditure and the
risk (Kutscher, 2009b).

CONCLUSIONS

Stabilizing the atmospheric concentration of anthropogenic GHGs will
require decarbonization of the global economy during the next century.
Even with reasonable expectations for nuclear power and capture and
storage of CO2 from remaining fossil fuel use, this goal implies massive
expansion of renewable, CO2-free, sources of energy. Further, RE systems
offer tremendous opportunity for distributed energy for rural communities,
not only providing cleaner, more sustainable energy, but alsodand perhaps
more importantdmeans for income generation, education, and reduction
of health impacts of nonsustainable energy supplies. Such “distributed
energy systems” must be optimized to the local resource and demand
conditions. For example, optimal systems may include PV, wind, and pico/
mini or small hydro. Complementary installations of solar thermal systems
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may be very attractive in markets ranging from home systems to industrial
process heat.

And the process is already under way. Global wind capacity doubled from
about 50 GW in 2005 to more than 120 GW in 2008; worldwide shipments of
solar PVs increased from about 200 MW in 1999 to nearly 6.9 GW in
2008daccording to some estimates, it may reach 60 GW by 2015; and
global biofuel production tripled from 4.8 billion gallons in 2000 to about 24
billion in 2009. Yet, even with this rapid growth, these three sources today
account for only about 3% of global primary energy use. Continued, even
accelerated, expansion of RE technologies is poised to contribute to global,
state, local, and individual goals of reliable, sustainable energy. Under
predictable policies that enable a “levelized playing field” (inclusive of
environmental externalities and cobenefits), RE technologies will continue to
grow at a double-digit pace. The benefits of renewables are multiple: local
and global environmental benefits, health and education cobenefits, energy
security and balance of trade for importing countries, and the support for
local employment. Given the breadth of benefits, renewables are likely to
continue exceptionally strong growth; and, if climate change scenarios are
indicative, will help the world stabilize and reduce global GHG emissions to
an acceptable level to avoid drastic adaptation requirements in the next
century.

Multiple global models have analyzed possible future scenarios (Edenhofer,
2010; EMF, 2009). These scenarios, while highly dependent on the model and
modeling assumptions, indicate orders of magnitude increases in the use of RE
over the next decades, which represent an addressable market of billions to
trillions worldwide.

Based on today’s available assessments/studies, can we answer the ques-
tion: Will renewables grow to play a significant role in our energy future at
reasonable cost? The answer, of course, “depends” on continued technology
progress and stable policy environments that create sustainable, profitable
business opportunities. Another question remains: Can renewables meet more
than 20% of global energy needs by 2050? Technically, the answer is yes”; but
operationally, again, answer depends on commitments to achieve the attributes
that RE technologies offer, and the competitive positioning relative to other
options. To grow from 3.4% of global energy today to a significant (and some
studies indicate technical feasibility of a majority) share of US and global
energy supply will require substantial investment and a willingness from
general consumers, business, and government and a concerted effort to build
out the necessary infrastructure and adapt systems to accommodate the
necessary changes in operations. Renewable energy potential is both ubiquitous
and well more than 200x the total U.S. energy consumption today. Realizing
this potential represents both a significant opportunity and challenge, and
would offer significant portfolio of benefits addressing energy security,
economic prosperity and environmental stewardship.
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1. INTRODUCTION

The threat ofGlobalWarming has pushed substantial reductions inCO2 emissions
to the top of the agenda for politicians and decision-makers around the world.

On the road to a more efficient and sustainable future, the building sector
will have to play a major role in reducing energy consumption and lowering
CO2 emissions, given its substantial contribution to today’s emissions.
Considerable potentials for emission reductions have been repeatedly identified
in the building sector (e.g. McKinsey, 2007). Yet, buildings are long-lived and
complex, durable goods, and many factors influence energy use within build-
ings, including heating, cooling, lighting, and other purposes. This means that
while advanced technology may be incorporated in new buildings, the much
larger existing stock poses significant challenges. A key driver for lowering
CO2 emissions from buildings would be notably improved insulation. However,
other parameters like the size of the buildings and the heating system installed
also directly influence the CO2 emission. Consequently, a number of attributes
of the building sector will have to be taken into account if the emission
reduction potentials of buildings are to be effectively tapped.
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Once construction is completed, buildings remain unchanged for some
decades. This has two important implications: First, during construction,
building design should be optimized to lower the energy demand for heating
and cooling. Even more attention has to be devoted to increasing the energy
efficiency of the existing building stock. Due to their longevity and incremental
modifications, the building stock cannot be compared to cars, for example.
Forty years is a long time-span for cars, yet it may be less than half of the
lifetime for a typical European building. In this context a key question is
whether the slow process of renewal and remodeling will be enough to achieve
a low-carbon building stock if the right measures are applied. A related
question is how will the existing heating infrastructure, notably gas and district
heating systems, be affected by substantial changes in the buildings’ energy
demand.

This chapter examines different pathways toward a low-carbon building
stock. Based on German regulations and the built environment, five different
scenarios are examined and their potentials to lower heating-related emissions
are analyzed. The chapter’s main focus is to determine if the measures and
standards set by the government are sufficient to tap the full CO2 reduction
potential of the building stock or if other measures are more promising and
need to be implemented. The chapter is organized into four sections. The
introduction is followed by an overview of energy consumption and emissions
in the building sector. The current long-term policy targets at the European
level and in Germany are also briefly reviewed and the development of key
driving factors for building-related emissions is analyzed. Section 3 examines
future evolution of the building sector and the effect of recent developments
using Germany as a case study. In Section 4, a number of alternative pathways
for carbon emission reduction are presented and the impact of politics in the
building sector discussed. The last section examines the implications of these
developments for a utility offering district heating, followed by conclusions.

2. ENERGY AND CARBON CHALLENGES
IN THE BUILDINGS SECTOR

To assess possible routes toward a low-carbon future, first a clear view of the
starting point concerning energy consumption and CO2 emissions within the
building sector is needed. This section examines relevant existing European and
German regulations as well as the potential evolution of these regulations over
time. The main drivers of energy use within the building sector are examined
using a simple model linking CO2, energy use, and the building stock.

2.1. Relevance of the Buildings Sector

Since the initial climate conference in Rio de Janeiro, politicians have been
discussing the climate challenge. Yet, despite all the proclamations, global CO2
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emissions have kept rising. Even within Europe, CO2 emissions have risen
since 1990, reaching an all-time high in 2006. Since then, European emissions
have declined by 2.2% to 5478 million tons in 2008.1

For the year 2020, the European Union has adopted the so-called 20-20-20
targets, requiring a reduction of greenhouse gas (GHG) emissions by at least
20% below 1990 levels, a 20% share in energy consumption to be provided
from renewable sources, and a 20% improvement in energy efficiency.2 Yet
these targets can only be considered as a first step toward a low-carbon future.
According to the Intergovernmental Panel on Climate Change (IPCC), GHG
concentration in the atmosphere should not exceed 450 ppmCO2eq to limit
global warming to a maximum ofþ 2�C.3 This is commonly believed to require
a cut in global emissions by 50%e60% by 2050, requiring a cut in industri-
alized countries by at least 80% compared to 1990 levels, given the higher per
capita level of emissions in these countries. However, no binding policies have
been adopted at the European level to achieve this objective. Only the U.K. has
officially adopted this goal in its Climate Change Act.4 In Germany, a parlia-
mentary inquiry commission referred to this target in 1994,5 yet the objective
has not become legally binding to date. This may be interpreted as an indication
that radical emission cuts, be it in buildings or elsewhere, are not as easily
achievable in practice as state-of-the art technology would suggest. Or
rather, since the necessary technologies exist, political priorities seem to be
different.6

Power plants and factories with smokestacks and cars, trucks, and buses
with their exhaust pipes constantly remind the public that CO2 is being emitted,
even if it is not always the case. Consequently, these obvious polluters get the
blame and are frequently the target of environmental activists. Meanwhile the
society neglects the substantial emission contribution of houses and their
heating and cooling systems. Clearly, to address the issue of climate change
more attention has to be paid to the building sector. It uses a lot of energy and is
therefore responsible for the associated emissions.

Germany has already achieved substantial CO2 emission reductions over the
past two decades (Figure 1). Yet, these have, to a large extent, been the
immediate consequence of the reunification, especially in the energy sector and
within the industry. Buildings account for roughly 30% of the current German
GHG emissions (Figure 2). Space and water heating are responsible for the

1. Department of Commerce (2009), energy data.

2. http://ec.europa.eu/environment/climat/climate_action.htm.

3. IPCC, 2005, p. 57.

4. http://ec.europa.eu/environment/climat/climate_action.htm.

5. Enquete Kommission (1994).

6. This book’s Chapter 6 by Bollino and Polinori discusses the political dimensions of climate

change.
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major share of emissions in private households and the service sector, yet other
indirect emissions including those associated with electricity production and
district heating, as well as air-conditioning, must also be considered. In the case
of Germany, CO2 emissions from the energy sector are the biggest, followed by
households, the commercial sector,7 and the transportation sector. Emissions in
all these sectors are higher than those in industry.
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7. Commercials: In Germany this sector comprises trade, commerce, and services.
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On a global scale, the environmental impact of the building sector is even
more important, accounting for 40% of global CO2 emissions.

In the case of Germany, space heating and domestic hot water (DHW)
dominate energy use in the household as well as in the commercial sector,
accounting for 83% and 48% of the total energy consumed, respectively
(Figure 3).

Heating is by far the most energy-intensive activity in buildings in
Germany, as in other Northern European countries. Hence, future measures
have to focus on reducing the energy needed to heat buildings, both residential
and nonresidential. Clearly, the energy requirements of buildings vary
depending on climate and other variables, with space heating as the dominant
energy user in colder climates and cooling in warmer climates. In all cases,
better insulation can reduce both the heating demand in cold and the cooling
demand in hot climates.

2.2. Building Stock, Energy Use, and CO2 Emissions

The CO2 emissions associated with energy use in buildings are affected by
three key parameters:

l The total usable building space, measured as net floor space (NFS).
l The energy efficiency of the building: the quantity of energy used per unit of

useful building space.
l The carbon intensity of the fuels used.
l This can be represented as:

Eb ¼ NFS � EEBS;t � CI
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where:

Eb ¼ CO2 emissions from buildings
NFS ¼ net floor space
EEBS,t ¼ energy efficiency
CI ¼ carbon intensity

To reduce GHG emissions within the building sector, the following three
contributing factors have to be considered.

2.2.1. Floor Space

The evolution of building space obviously depends on several factors, including
population growth and economic prosperity. Figure 4 shows how the NFS and
the GDP have evolved in Germany since 1990. Not surprisingly, a rising
income level is strongly correlated with increasing floor space as well as
higher comfort levels, as described in this book’s Chapter 9 by Gray and
Zarnikauda common feature in developing and developed economies.
Economic growth and job creation is also associated with increased demand for
office space, reinforcing the per capita energy consumption. In contrast,
economic recessions are often first noticed as a downturn in the construction
sector.
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This simple economic observation may be formalized by computing the
elasticity of floor space demand as a function of GDP per capita for Germany.
For the years 1990e2008, an elasticity of 0.70 is observed. If the elasticity
calculation is done separately for the two periods 1990e2000 and 2001e2008,
the elasticity is found to decline from 0.78 in the first period to 0.62 in the
second. After the German Reunification in 1990, Eastern Germany was in the
process of catching up to the economic and social standards of Western
Germany. Aside from the positive connection between GDP and dwelling size,
other demographic and social factors have to be considered, and these factors
are multifaceted. An increasing share of single householdsdcommon in many
Western countriesdalso affects the evolution of the building stock. Overall, the
NFS in Germany has increased by around 25% since 1990, while GDP per
capita has increased by around 30%.

2.2.2. Energy Efficiency Regulations

Germany has implemented regulations to limit the energy requirements of
buildings since the first oil crisis. The first of these regulations was the 1977
Heat Insulation Ordinance, followed by two revised versions in 1982 and 1995.
Their aim was to reduce heating demand of new buildings by measures
focusing on the building shell or specifying the requirements for the heating
systems. Since 2002, these two types of ordinances have been combined in the
German regulation for energy saving in buildings and building systems, known
as EnEV. In the latest version of the EnEV, issued in 2009, the “Directive 2002/
91/EC of the European Parliament and of the Council on the Energy Perfor-
mance of Buildings” has been incorporated and the energy efficiency
requirements for new buildings have been tightened by another 30%. The
EnEV has thus become the key instrument to address the energy efficiency of
buildings. The impact of these mandatory energy requirements on new build-
ings is shown in Figure 5, illustrating that such regulations do have a strong and
direct effect on the energy demand of buildings.

However energy demand regulations typically do not affect the existing
building stock, which accounts for the vast majority of energy consumption and
emissions. Therefore the scope of the EnEV has already been extended to cover
existing buildings that are substantially redeveloped,8 that is, if refurbishment
affects more than 10% of the surface of a building component.9 Hence the
regulatory framework now covers new constructions and in some cases rede-
veloped buildings. And with the next tightening of the regulations, scheduled
for 2012, a particular focus on the existing buildings is expected. This is of
particular relevance given the longevity of the existing stock. In Germany,

8. EnEV (2009), x 9.

9. This is only applicable to components that are part of the building envelope like outside walls,

roof, windows, etc.
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demolition and new construction activities are at a very low level, as in many
other developed countries. In 2008, for example, 39,00010 dwellings or only
0.1% of the existing building stock were torn down, while 175,90011 or 0.45%
were newly constructed. Moreover, demolition and construction rates have
shown a declining trend in recent years.

On the one hand, the high average lifespan of buildings implies long-lasting
effects for energy efficiency achieved through building codes. On the other hand,
the long lifespan reduces the opportunities for energetic retrofitting. This is
notably true for the exterior walls, which have a lifespan between 40 and
80 years, depending on construction type and quality.12 Available information
about energetic retrofitting indicates rates between 1.3%13 and 2.2%14 of the
existing building stock per year. To raise these retrofit rates, the government has
introduced subsidies and low-interest loans for retrofitting activities, differen-
tiated according to the intensity of the measures. By providing high incentives to
those that redevelop their buildings to new built standards and less subsidies for
those insulating less, these polices aim not only at raising retrofitting frequencies
but also at convincing building owners to do as much as possible.15 Yet today,
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10. Federal Statistical Office (2008).

11. Federal Statistical Office (2009a).

12. Blesl (2002), p. 18.

13. Department of Commerce (2007) EEAP, p. 53.

14. Federal Ministry of Transport (2007), p. 7.

15. http://www.kfw-foerderbank.de/DE_Home/Service/Other_Languages/Summary_PB_Englisch.

pdf.
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after years of promoting energy efficiency, the primary energy demand for
heating and DHWof the German building stock still averages about 194 kWhPE/
m2/a16 as compared to 237 kWhPE/m

2/a in 1990. Hence the improvement in
average energy efficiency of about 18%has not been sufficient to compensate for
the increase in dwelling space of about 25% over the same period.

2.2.3. Carbon Intensity

The carbon intensitydthe average amount of emissions produced per kWh by
heating systemsdmainly depends on the fuel mix and the heating systems
used. It is influenced by the electricity generation mix in the case of electric
heating and whether or not district heating is coal-based. The distribution of
heating systems and technologies in the German building stock is shown in
Figure 6.

The corresponding carbon intensity is 0.210 kg CO2/kWhPE including
upstream emissions in electricity and district heating production. This is 19%
lower than the 1990 value of 0.259 kg CO2/kWhPE.

Before the EnEV came into effect, the Heating System Ordinance regulated
the installation of heating systems and their efficiency. Today the Renewable
Energy Sources Act additionally prescribes the use of renewable energy in
every newly built house, be it residential or nonresidential and in case of major
refurbishments.17 Yet given the replacement frequencies of heating systems and
the number of new buildings constructed every year, the existing building stock
will still largely determine the carbon intensity in the years to come. The
mixture of heating systems today shows that gas and oil are still the most
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frequently used heating energy carriers, with respective shares of 48% and 30%
of all heating systems.

The findings obtained so far may be summarized as follows: Today, nearly
82 million Germans occupy around 39 m2 floor space per capita with an
approximate consumption of 194 kWh/m2/a of primary energy and are
responsible for the emission of 129 million tons of CO2 every year. This is only
from residential heating and DHW production. Compared to 1990, this is
a reduction in the CO2 emissions of 18%; in other words, in about one third of
the time span to 2050, less than a quarter of the aimed 80% reduction has been
achieved. Furthermore, the accomplished reductions probably include
a substantial share of low-hanging fruits, making future CO2 emission cuts
more difficult to achieve. These figures are more or less applicable to
nonresidential buildings. Due to limited availability of information about the
nonresidential building sector, the remainder of the chapter is primarily focused
on the residential sector.

3. ASSESSING POSSIBLE ROUTES FOR LOW-CARBON FUTURES

Given the interdependences between the building stock, its energy use and the
resulting CO2 emissions discussed above, the relevant question is how emis-
sions may evolve in the future and what reduction targets are achievable. This
section discusses the potential development of the three main drivers in detail to
identify the possible future pathways for building-related carbon emissions.
First, the building stock is considered to get a clearer picture of the growth in
dwelling space as well as energy efficiency developments. This is followed by
a more detailed description of the age structure of the German building stock to
identify future potentials and to evaluate what has to be done to lower the CO2

footprint of buildings. Next, a similar analysis is done for heating systems. To
identify possible changes, the use of renewables in the heating market and the
shift away from fossil fuels is considered.

3.1. Growth of Floor Space and Building Stock Evolution

3.1.1. Floor Space

The NFS is a main driver for the energy consumption in buildings. In Germany,
the average growth in residential and nonresidential building space has been
1.24% per annum since the Reunification in 1990. This has been accompanied
by an average GDP increase of 1.47% per annum.18 Besides the income
elasticity of the dwelling size, demographic changes play a crucial role in the
evolution of the building stock. An expected decline in German population in

18. Own calculation based on data of the Federal Statistical Office (2008; 2010) and the IMF

(2009).
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the coming decades may decrease the upward pressure on building space and
thus contribute to decreasing energy use. But this should not be considered as
a matter of fact. Multiple contrary effects, for example, increased use of electric
energy for various appliances in households and officesdnotably for air-
conditioningdmay offset any reduction of energy consumption induced by a
declining population. Nevertheless it is useful to link the total NFS to
the population, P, using the floor space per capita, FSpc, as proportionality
factor:

NFS ¼ FSPC � P
where:

FSPC ¼ floor space per capita
P ¼ population
It is unlikely that with a rising GDP the majority of people will end up living

in a 400 m2 flat in 2050. Yet a continuation of the slight upward trend observed
during the last decade seems realistic.

Another observable trend is the increasing share of single householdsda
common feature of many developed countries with aging populations. The
number of one-person households is estimated to increase by 11% by 2025
compared to the 2005 level, while the number of four-person households is
expected to decrease by 24% over the same period.

The decline of the average household size is not only a sign of a changing
lifestyle. A rise in expected lifetime leads to more elderly people living
predominantly in one- and two-person households. Moreover, a lower birth
rate, an increasing share of couples keeping two households, and a higher job-
related mobility contribute to the decline in average household size and
a higher per-capita dwelling size.19

These developments are correlated to ongoing social, demographic, and
behavioral changes. Clearly, their impact on CO2 emissions has to be taken into
consideration. Equally obvious is the fact that government policies play
a relatively minor influence on these sociodemographic processes.

In the case of Germany, growing wealth and changing lifestyles, including
the increasing proportion of single households, will also lead to a growing NFS.
The growth rate is likely to decline over time due to the overall decline in
population, reaching zero in the 2040s. Yet extrapolating the current GDP per
capita growth rate and income elasticity of dwelling space leads to a NFS in
2050, which is 23% higher than the 2010 level.

3.1.2 Energy Efficiency

The average energy efficiency of the building sector EEBS,t is influenced by
refurbishments of existing buildings, demolition of old buildings, and

19. Federal Statistical Office (2007), press release # 518.
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construction of new buildings. Since retrofitting activities may vary in
the efficiency level achieved, this may be summarized by the following
equation:

EEBS;t ¼ 1

NFSt
ððNFSt�1 � DMtÞ � EEBS;t�1 þ NCt � EENC;t � REFI;t

� ESREF I;t � REFII;t � ESREF II;tÞ
ESREF I;t ¼ ðEEBS;t � EERI;tÞ
ESREF II ¼ ðEEBS;t � EER II;tÞ

Where:

EE ¼ average energetic standard in kWhPE/m
2/a

DM ¼ demolitiondNFS in buildings being demolished
EEBS ¼ energetic standard of the building stock in kWh/m2/a
NC ¼ new constructiondNFS in buildings been newly constructed
EENC ¼ energetic standard of the new construction
REFI ¼ redeveloped buildingsdNFS in buildings being completely
redeveloped
ESREF ¼ energy savings through redevelopment in kWhPE/m

2/a
EERI ¼ energetic standard of completely redeveloped buildings
REFII¼ redeveloped buildingsdNFS in buildings being partly redeveloped
EER II ¼ energetic standard of partly redeveloped buildings

New construction as well as refurbishment of existing buildings lead to an
improvement of the average insulation standard, that is, reduces the overall
energy consumption. Furthermore, demolition of old inefficient buildings may
contribute to improvements in energy efficiency.

A general improvement in building insulation is one of the key factors to
lower emissions. Policies and the society will have to take adequate measures to
tap these huge potentials efficiently. Although new construction and demolition
of existing buildings may have a role to play, the main factor to improve
insulation standards is to redevelop existing buildings.

Provisions taken for new buildings at first sight look comprehensive
(cf. Figure 5), but still energy efficiency measures lag far behind official
ambitions. So, many observers expect that CO2 reduction targets in the building
sector will not be achieved, neither in 2020 nor in 2050, if no additional
measures are implemented.20

To achieve substantial emission reductions, building codes have to be
tightened further. Thereby the full range of technological advances has to be
considered, including zero-energy and passive houses. Technologies are
existent but ordinary new buildings are still too energy intensive to achieve

20. IWU (2007), p. 34.
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ambitious CO2 reduction goals. The energy efficiency of a typical building
has improved with the latest building standard (cf. Figure 5) and another
revision of the building code, including a further reduction of primary
energy consumption by about 30%, is planned for the year 2012. But still
the current consumption level of around 100 kWh/m2/a is too high.
Currently, the German Reconstruction Loan Corporation (KfW), as a public
bank and financial agency, also supports low-energy houses. The so-called
KfW-70 and KfW-55 configurations describe buildings that consume
respectively 30% and 45% less than a building constructed according to the
current building standard (labeled as KfW-100). Technology is available
today to build passive houses or even zero-energy houses in the near future.
The European Commission recently released a proposal to tighten
requirements of the directive on the energy performance of buildings.
Nearly zero net energy buildings are proposed to become the standard for
new constructions from 2020 on.21 It is, however, not clear whether these
proposals will become legally binding. One available technical solution is
the German Passivhaus concept for buildings requiring around 15 kWh/m2/a
for heating. But this concept is far from being generally applied today and
even further away from being implemented in any building code. A realistic
assumption is that building standards will require comparable insulation
levels from the year 2035 onwards.

Furthermore, given the historical structure of the German building stock,
initiatives to raise retrofitting rates need to be taken. In Germany, only 37% of
the available NFS was built after 1979. The remaining 63% were built before
any requirements to regulate energy consumption.22

Consequently, the retrofitting rate for existing buildings must be
increased substantially. Following the aforementioned IWU analysis, the
frequency of renovation has to double to achieve the ambitious German
CO2 reduction targets in 2050.23 However, private house owners often fear
the costs of redeveloping, being unable to calculate the benefits, while
property owners are worried that they will not be able to pass on such costs
to their tenants, due to legal restrictions. Therefore, it is vital to fill
information gaps and to overcome any other existing barriers. Financial
incentives offered need better promotion and coordination. Still, there is
uncertainty as to how to achieve this. Politicians are worried that the
problem may only be solved by implementing mandatory retrofitting
standards, which might violate property rights or significantly increase
rental charges.

21. This book’s Chapter 17 by Rajkovich et al. describes similar measures proposed for California,

starting in 2020.

22. WDV (2009), p. 15.

23. IWU (2007) p. 34.
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3.2 Heating System Evolution

The third main factor for building CO2 emissions, the carbon intensity, depends
on the type of heating systems and energy sources used in the buildings and the
corresponding emissions per kWh of heat. Regulations since 1977 focus on the
energy demand (kWh/m2/a) of buildings and emissions are, so far, not targeted
directly. In general, the carbon intensity may be written as a function of the
heating system distribution using a vector equation:

CI ¼ HSDT � qHS
where:

HSD ¼ heating system distribution
qHD ¼ emission coefficients for heating systems

The carbon intensity describes the average CO2 emissions per unit of
primary energy consumed for heating purposes. There are large differences in
the carbon footprint of heating systems between the very few old houses with
coal fired furnaces and new buildings with heat pumps or biogas firing. Among
the newly installed heating systems, the shares of the various energy carriers
vary from year to year, depending on market prices and legal dispositions.
Substantial differences are thereby observed between new buildings and those
undergoing a heating system renewal.

Ordinances can influence the choice of heating systems for new buildings,
but the influence on the building stock is weak. Since January 2009, the
Renewable Energy Heating Act has forced owners of newly erected buildings
in Germany to use renewable energies for heating. Being part of the integrated
energy and climate program of the German government, this act is intended to
raise the share of renewable energies in space heating significantly. The obli-
gation covers all types of buildings and all type of owners. Various forms of
renewables, like solar thermal energy, biogas, or geothermal energy may be
used individually or in combination, yet the requirements differ depending on
the type of renewable energy. In the case of solar energy, a minimum of 15% of
the heating energy has to be solar. When using gaseous biomass, at least 30%
of the heating energy has to be from the renewable source; in the case of liquid
or solid biomass or geothermal energy, the minimum share is 50%. Instead of
using renewable energies, building owners may also take alternative climate
change mitigation measures such as improving the insulation, connecting to
district heating, or using heat from combined heat and power.24

Figure 7 shows the distribution of heating systems in the building stock and
compares to the installations in new buildings during the first nine months of
2009.

24. Federal Environment Ministry (2008), p. 3.
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The obvious differences are at least partly attributable to the new regulation.
The shift away from oil has been observed over the past two decades and
amplified by the recent price increases. Gas systems are still dominating the
market of newly installed heating systems since the combination of a gas
condensing boilers with solar thermal collectors suffices to fulfill the regulatory
obligation. Still many people avoid a heating system purely based on renew-
ables, but nevertheless heat pumps and biomass-firing gain market shares. The
general interest in heating energy demand and its costs has increased over
the last few years, and homeowners are increasingly shifting away from
fossil fuels.

Policies aim at reaching a 14% share of renewable energies in the total
heating energy supply by 2020.25 The new regulation is intended to a decrease
the emission intensity of new buildings but does not reach far enough to tackle
emissions of the existing buildings. An estimated 70% of the heating systems in
Germany were installed between 10 and 24 years ago, 20% are even older than
24 years.26 Assuming an average lifetime of 20 to 30 years, the majority of
heating systems will have to be renewed soon. The Renewable Energy Sources
Act fails to consider these systems.

A more far-reaching legislation has been implemented by the German
federal state of Baden-Wuerttemberg, which has passed its own Renewable
Energy Sources Act. It requires that at least 10% of the produced heat has to
come from renewable energy sources. This is mandatory for every heating
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25. Renewable Energy Heating Act (2008), x 1, para. 2.

26. BDH (2008).
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system replacement, while for new buildings 20% is required.27 To achieve
stringent emission reduction goals, federal politics will have to follow the
example given by Baden-Wuerttemberg and cover every heating system
replacement. The reason is simple: Every replaced heating system that is not
environmentally friendly represents a lost opportunity for the next 25 years, the
average lifetime of a heating system.

The fact that most heating systems in Germany will have to be replaced
within the next few years provides a window of opportunity, which is not to be
missed if carbon intensity is to be influenced effectively.

4. PATHWAYS FOR FUTURE BUILDINGS

In this section, alternative scenarios of future carbon emissions of the German
building sector are examined. First a base case or business-as-usual (BAU)
scenario is presented, followed by four alternative scenarios. These include
technological advances and additional policy measures as well as possible
lifestyle changes. The impacts of these different pathways on CO2 emissions
are compared to identify the most promising measures for achieving significant
emission reductions.

4.1. BAU Scenario

The base case or BAU scenario is based on recent regulations and announced
changes for the near future and describes a likely evolution of the CO2 emis-
sions though 2050.

The population forecast published by the Federal Statistical Office in 2006
is used as the basis of population projections. Low birth rates, a maturing
population, and less immigration imply an expected 16% decline in German
population by 2050 compared to 2008. For GDP, a continuation of the average
per capita GDP growth observed between 1990 and 2008 is assumed. These
assumptions result in an increase in per capita floor space, which in turn
determines the rate of new construction (Table 1). The stipulated development
of insulation standards and refurbishment rates are indicated in Table 1.
A renovation rate of 1.5% p.a., split equally between full and partial energetic
retrofitting, is assumed; a rather moderate increase in renovation frequency
compared to the present situation. Also the heating system distribution is
assumed to evolve rather slowly, as shown in Table 1 and Figure 8.

This base case scenario captures the effect of existing and expected
measures on the CO2 emissions from the building sector through 2050 in
Germany (Figure 8).

In this case, the CO2 emission reductions turn out to be insufficient to
achieve the 80% reduction target for 2050. Cutting emissions to 46.9 Mt in

27. EWärmeG BW (2009), x 4, para. 1.
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TABLE 1 Exogenous Parameters, Scenario Variables, and Related CO2 Emissions for the BAU Scenario

2008 2015 2020 2025 2030 2035 2040 2045 2050

Exogenous Parameters

GDP growth rate p. a. 1,47% 1,47% 1,47% 1,47% 1,47% 1,47% 1,47% 1,47% 1,47%

Demolition rate p. a. 0.10% 0.10% 0.20% 0.30% 0.45% 0.43% 0.43% 0.60% 0.60%

Refurbishment rate p. a.
total (of which full retrofit)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

1.50%
(0.75%)

Primary Energy Consumption in kWh/m2/a
New construction 100 80 80 60 60 40 40 20 20

Redeveloped building 100 80 80 60 60 40 40 20 20

Partly redeveloped building 140 120 120 100 100 80 80 60 60

Endogenous Variables BAU Scenario

New construction rate 0.81% 0.78% 0.74% 0.82% 0.80% 0.75% 0.59% 0.69% 0.10%

Net floor space per capita in m2 38.8 41.5 43.4 45.4 47.6 49.8 52.1 54.6 57.1

Energy efficiency of the
building stock in kWh/m2/a

194 185 171 157 141 125 109 96 83

Carbon intensity in kg CO2/kWh
primary energy

0.210 0.205 0.201 0.194 0.187 0.178 0.169 0.157 0.144

Emission Development BAU Scenario

CO2 emissions in Mt 129.3 127.3 119.8 109.0 96.6 83.4 70.6 58.1 46.9 4
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2050 corresponds to a reduction of 70% compared to 1990. Moreover, under
the BAU scenario, per capita emissions merely decrease by 64%.

4.2. Scenarios for Low-Carbon Futures

The preceding discussion indicates that more ambitious policies are needed to
achieve the 80% target. To examine the effect of alternative policy measures,
four alternative future scenarios, further described in Table 2, are examined:

1. The first scenario assumes policies promoting higher retrofit rates in exist-
ing buildings.

2. The second scenario examines alternative lifestyle changes.
3. The third scenario combines the first and the second one.
4. The fourth scenario focuses on heating system changes.

The “higher retrofit” scenario assumes increased refurbishment as a conse-
quence of subsidies, information campaigns, and higher cost awareness
resulting in a frequency of 2.6% energetic renovation per year split into 2% p.a.
in full and 0.6% in partial energetic building retrofits. Given the long lifetime of
building facades of 40 years and more, this may be considered as an upper
boundary for achievable renovation rates.28 This means that 84,500,000 m2 are
renovated, instead of 48,800,000 m2 in the BAU scenario in 2010, resulting in
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28. Various sources suggest that such a rate would be sufficient to tap the CO2 emission reduction

potentials of buildings, cf. notably Department of Commerce (2007), p. 53.
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an additional 11 kWhPE/m
2/a reduction in the average energy demand through

2050, roughly 13% below the BAU scenario.
Despite these improvements compared to the BAU scenario, overall CO2

abatement actually increases by four percentage points, resulting in a 74%
overall reduction by 2050. Hence, even with a higher assumed rate of retro-
fitting frequency, the desired 80% target will not be met. While a 74% reduction
in emissions is not far off the mark, it must be pointed out that the assumptions
made to achieve it are unlikely to be achieved in the foreseeable future.
Furthermore, building codes are mandatory only for new buildings, while
redevelopment is not covered in most cases. Moreover, the population decline
in Germany is likely to put a downward pressure on new construction rates in
the future, thus reducing the effect of the EnEV. This suggests that if future
emissions in the building sector are to be seriously addressed through improved
insulation, the policy has to focus on the existing building stock.

The “lifestyle” scenario assumes that within the residential building sector
total available dwelling space remains constant from 2010 onwards, resulting in
a 19% increase in per capita floor space by 2050, given the shrinking population
(Table 3). In this case, GHG emissions are reduced by 73% by 2050, suggesting
that relying on possible lifestyle and preference changes to achieve ambitious
goals will be helpful but not sufficient. One effect of this scenario is that new
building construction is considerably slowed down, also implying slower pace
of efficiency improvements.

The prior two scenarios show that even if Germany slows down the trend
toward bigger homes and more living space or reaches rates of renovation and
retrofitting that are far beyond current levels, the target of 80% CO2 emission
reduction by 2050 will not be met. Consequently, a combination of these two
scenarios is considered. The “higher retrofit and lifestyle” scenario combines
the energy efficiency improvements associated with a high rate of retrofits (i.e.,
2.6% p.a.) with the assumption of constant floor space after 2010.

TABLE 2 Alternative Scenarios e Changes in Building Retrofit, Dwelling

Space, and Heating Systems in the Four Low Carbon Scenarios

Scenario

Higher

Retrofit Lifestyle

Higher Retrofit &

Lifestyle

Alternative

Heating System

Building
retrofit

Increased rate
cf. Table 3

As in BAU Increased rate cf.
Table 3

As in BAU

Increase in
dwelling space

As in BAU Reduced rate
cf. Table 3

Reduced rate cf.
Table 3

As in BAU

Heating system As in BAU As in BAU As in BAU Modified cf.
Figure 9
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TABLE 3 Modified Exogenous Parameters and Resulting CO2 Emissions for the “Higher Retrofit” and “Lifestyle” Scenarios

2008 2015 2020 2025 2030 2035 2040 2045 2050

Exogenous Parameters “Higher Retrofit” Scenario

Refurbishment rate p.a.
total (of which full retrofit)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

2.60%
(2.00%)

Endogenous Variables “Higher Retrofit” Scenario

Energy efficiency of the
building stock in kWh/m2/a

194 179 162 145 127 111 96 84 72

Emission Development “Higher Retrofit” Scenario

CO2 emissions in Mt2 129.3 123.7 113.0 100.4 87.0 74.2 61.9 50.9 40.8

Exogenous Parameter “Lifestyle” Scenario

Net floor space per
capita in m2

39.6 40.1 40.5 41.3 42.0 43.1 44.2 45.6 47.2

Endogenous Variable “Lifestyle” Scenario

Energy efficiency of the
building stock in kWh/m2/a

194 188 177 164 149 133 116 103 90

Emission Development “Lifestyle” Scenario

CO2 emissions in Mt2 129.3 124.5 114.8 103.1 90.3 76.6 63.7 52.2 42.1
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Surprisingly, the combination of these two scenarios does not have
a multiplicative impact. The simple explanation is that while the limitation of
floor space slows down the CO2 emissions, it also reduces the scope of available
efficiency improvements, resulting in overall CO2 reduction of 76.4% by 2050,
still short of the 80% target.

The final scenario, “alternative heating systems,” examines the impact of
a faster turnover in the heating systems. It assumes a mixture of a policy
measures for the German Federal Environment Ministry and a more conser-
vative forecast of the Swiss-based Prognos institute29 to achieve an alternative
evolution of the heating system, as illustrated in Figure 9.

Assuming a smaller proportion of oil and gas fired heating systems and
a significantly higher proportion of solar, biomass, and heat pump systems
compared to the BAU scenario (Figure 8) results in a carbon intensity (Table 4)
considerably below that of the BAU scenario (Table 1) and achieves a 79.7%
reduction in carbon emissions by 2050 relative to 1990 levels, virtually meeting
the desired 80% target.

The preceding discussion demonstrates the range of policy options that
could impact GHG emissions associated with building heating systems and
illustrates the challenges in trying to achieve an 80% reduction by 2050 in view
of the fact that building owners frequently stay with the same energy carrier
when replacing their heating system. Overall the difference between the BAU
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29. BMU (2009), p. 53, and Prognos AG (2009), p.56.
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scenario and the best performing “alternative heating systems” scenario in 2050
is roughly 33% or 15 Mt of CO2 (Figure 10).

5. IMPLICATIONS FOR GRID INFRASTRUCTURES
AND HEAT SUPPLIERS

Germany has a long tradition of district heating.The first European district heating
plant was erected in Dresden in 1900. In the early twentieth century, district
heating systems were developed in cities such as Hamburg, Frankfurt, and Berlin.
After World War II, district heating systems became popular notably in Eastern
Germany where it became the standard for apartment dwellings, especially in
typical Soviet-era tower-blocks, which served as heat sinks to local power plants.

TABLE 4 Modified Carbon Intensity and Resulting CO2 Emissions for the

Scenario “Alternative Heating Systems”

2008 2015 2020 2025 2030 2035 2040 2045 2050

Endogenous variable “Alternative Heating Systems” scenario

Carbon Intensity
in kg CO2/kWh
Primary Energy

0.210 0.199 0.189 0.176 0.162 0.147 0.131 0.115 0.098

Emission development “Alternative Heating Systems” scenario

CO2 emissions
in Mt2

129.3 123.7 112.9 98.7 83.7 68.7 54.8 42.6 31.9
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An increasing number of these buildings are now vacant or are being torn down,
resulting in a gradual decline in demand for district heating. In many cases, the
existing suppliers are confronted with the question of whether upgrading of
existing heating infrastructure is economical given a steady decline in demand.

This challenge becomes evenmore pressing in the coming years as buildings
are better insulated, thus requiring less heating. Simultaneously, the aging grid
infrastructure will require substantial replacement investments. Existing oper-
ators must assess the business case for upgrading these systems in view of falling
demand and profitability relative to original investment several decades ago.

Analysis of selected urban areas indicates that supplying heating energy to
city centers will remain an attractive option even with decreasing heat demand.
In suburban areas with lower population density, the situation may be less
attractive. Under a scenario such as “higher retrofit” described earlier, rein-
vestments in existing districting heating systems might not make good business
sense in suburban areas. In all cases, heat suppliers are likely to postpone as far
as possible any reinvestment to save costs in the short run, to gain a better sense
of the rate of decline in heating demand.

In general, an advantageous strategy for utilities with existing district
heating systems may consist of successively giving up branches of their
distribution system with low heat demand located at the end of the network and
to operate the existing system without making major replacements for as long
as possible. Even making compensation payments to abandoned customers
may be an advantageous option in the presence of a rapidly declining heat
demand, if the alternative is an even more costly renewal of the aging network.

Overall, the analysis indicates that gradual improvements in building
insulation constitute a threat for heat suppliers in the longer run. Residential
areas, especially, that were once economically supplied when the district
heating systems were originally installed become less economical with the
passage of time and given the need for replacement investments. Not surpris-
ingly, new residential areas with high insulation standards and superior building
codes are already unattractive for heat suppliers. Moreover, existing areas
undergoing energetic retrofit may also become unattractive in the future as the
demand for heating drops. Policies concentrating on lowering energy demand
per floor space present a direct threat to gas and heat suppliers, gradually leading
to the demise of the post-war model of centralized heat supply. City centers and
other densely populated urban areas together with industrial customers are
likely to be the only viable outlets for district heating and gas distribution.

CONCLUSIONS

The preceding discussion leads to the chapter’s four main conclusions:

1. First, since buildings account for roughly 40% of all energy use globally,
more attention must be paid to reducing the energy consumption of the
building sectordand associated GHG emissions.

439Chapter | 14 Heating Systems When Little Heating Is Needed



2. Second, improved standards for building energy efficiency, building insula-
tion, and improved heating systems typically focus on new construction,
leaving the significantly larger share of existing buildings essentially
unaffected.

3. Third, the most effective means of reducing building related GHG emis-
sions in colder climates is to change the way buildings are heated. Since
the average lifetime of heating systems is around 25 years, or roughly
half the lifetime of typical building shells, this offers a much more effective
way to reduce energy use in the building sector.

4. Fourth, as buildings get better insulated and their heating demand decreases,
the business case for existing district heating systems and gas infrastructure
will become less compelling, resulting in their eventual abandonment in all
but highly concentrated areas.

Clearly, in a future where buildings are much better insulated and use
superior technologies for heating, there will be diminished need for heating,
and this offers a significant opportunity for reducing GHG emissions.
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1. INTRODUCTION1

There is hardly any field where the impact of China and its rapid development is
not felt, and energy and climate change are no exception. In a formidable feat
the world’s most populous country has followed smaller Asian neighbors in
a high-speed developmental trajectory, lifting millions out of poverty in the
process. Already it has become hard to recall to memory that as the second half
of the twentieth century started, China was an almost completely agrarian
country. Since the reforms and “opening up” policy introduced by Deng
Xiaoping in the late 1970s, China’s gross domestic product (GDP) has
increased more than tenfold as it maintained annual growth rates of around 10%
on average. The introduction of market principles combined with an abundant
supply of cheap labor triggered a growing influx of foreign investment and
unleashed an enormous economic activity domestically. As the first decade of
the twenty-first century has come to a close, the Chinese economy still shows
little signs of slowing down.

The success of China’s development, however, comes with consequences not
only for China itself but for the world at large. China’s economic growth up to

1. This chapter is based on the Clingendael Energy Paper, China, Copenhagen and Beyond,

Clingendael International Energy Programme, September 2009. Available online at: www.

clingendael.nl/publications/2009/20090900_ciep_report_buijs_china_copenhagen_beyond.pdf.

Energy, Sustainability and the Environment.

Copyright � 2011, Clingendael International Energy Programme (CIEP). Published by Elsevier Inc. All rights reserved. 445



now has followed a traditional developmental pattern: Rapid industrialization
has been driving economic growth and the energy system underlying this growth
is fueled predominantly by fossil energy resources, especially coal. Yet if we
compare the growth patterns that are characteristic of the development path that
was followed by other Asian countries such as Japan and South Korea, the
implications of China’s path will be enormous in terms of energy use and
greenhouse gas (GHG) emissions (Figure 1). Simple calculations show that
energy consumption in China at OECD levels is hardly imaginable: With per
capita oil consumption levels similar to the United States, China would require
all of today’s global oil production of roughly 85 million barrels per day. In terms
of electricity, its current per capita usage of 2.4 MWh per year stands at less than
one-third of the OECD average (IEA, 2009a, p. 51). Even if China manages to
improve the environmental performance of its carbon-intensive power sector, it
will remain extremely difficult to offset the consequences of electricity demand
growth on emissions. To illustrate the point: If China were to achieve the same
per capita electricity consumption level as Germany with the same level of
carbon dioxide (CO2) emissions per kWh as Germany, its total emissions from
power and heat generation would nearly double compared to current levels.2
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World Energy Council, World Energy and Climate Policy: 2009 Assessment, 2009, p. 60. Adapted

from Shell Energy Scenarios to 2050. Available online at: http://www.worldenergy.org/documents/

report_final_3.pdf.

2. This would imply almost halving China’s current emissions level per kWh which stand at 777

gCO2/kWh compared to 412 gCO2/kWh in Germany. IEA. (2009). CO2 emissions from fuel

combustion highlights (2009 Edition), pp. 101. Available online at: www.iea.org/co2highlights/

CO2highlights.pdf.
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In this sense, China is the key protagonist illustrating the fundamental
energy sustainability dilemma: If the whole world would have the same energy
consumption patterns as the richest few, neither fossil energy production nor
the climate would be able to bear the consequences. China with its population
of 1.3 billiondalmost one-fifth of the current global populationdis probably
the first country that faces this challenge directly with respect to its own
development. The acknowledgment of this reality by the Chinese government is
in fact driving much of the progressive policy that has been implemented in the
recent past. China’s leadership recognizes that China will need to find
a different developmental model that will allow continued growth without
becoming restrained by scarcity of energy resources or energy-related envi-
ronmental issues3 (Jiang, 2008; CAS, 2007).

To address energy security concerns and the long-term challenge of
securing sufficient energy resources for development, China’s energy policy
includes a strong focus on energy efficiency, energy conservation, and the
promotion of renewable energy sources. Although China’s rising energy
consumption has an increasing impact on the global availability of energy
resources, the first and foremost consequences will be felt in the attempts to
address the challenge of climate change. According to proposed stabilization
schemes to limit the global temperature increase to 2�C, global emissions
should peak no later than 2020. As the world’s largest emitter of GHGs, China’s
contribution to attain such a target will be critical. However, as this chapter will
show, China’s developmental path will need to drastically change course if the
required reductions in both energy consumption and emissions are to be
achieved.

It is important to point out that China is not only important for climate
change because it has become the world’s largest emitter, but also because it
holds some of the world’s largest potential for climate change mitigation. Since
China is still in the midst of its development, very significant opportunities to
change future energy consumption and emissions levels exist. This holds
especially true for sectors that are going through rapid expansion at the
moment, such as power generation, housing, and transportation. The deploy-
ment of low-carbon and energy-efficient technologies in these sectors could
have a significant impact on the future levels of energy demand and emissions.
Yet to avoid the lock-in of carbon-intensive technologies, the speed of

3. Jiang Zemin [president of the People’s Republic of China from 1993 to 2003]. (2008).

[Reflections on energy issues in China], Journal of Shanghai Jiaotong

University, 42(3), 257e8, 263e4: “To meet the ever increasing energy demand by one billion

plus people in the course of building a moderately prosperous and modern society in an all-

round way, China will build the world’s largest energy supply and consumption system in the

coming 10 to 20 years. Therefore, the urgent task before us is to blaze a new path in energy

development with Chinese characteristics, in order to achieve the nation’s strategic goal of

modernization with a minimal cost of energy resources and impact on the environment.” Also

see (CAS, 2007).
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implementation is crucial: Delaying strong action for a few years or more will
mean the largest abatement potential will have been lost. There are also large
gains to be had in terms of improving energy efficiency and energy conser-
vation. In many sectors including industry, power generation, and housing, the
difference with developed country standards and “best available technologies”
is still considerable and closing this gap would contribute significantly to
reining in China’s demand for energy and related emissions. In some cases
technological leapfrogging can actually be cost-effective, as the deployment of
state-of-the-art power plants and advanced industrial production techniques in
China’s economy demonstrates. Yet for the implementation of energy-efficient
and low-carbon technologies that are still under development and not
economically competitive, overcoming cost barriers in China is as much of
a challenge as it is in the developed world.

The crux of the matter regarding a true transition to a more sustainable energy
system in China is the relative abundance of coal. When considering the pro-
jected levels of energy consumptiondeven under relatively energy-efficient
scenariosdan enormous expansion of energy supply will be necessary. Since
China has some of the world’s largest coal reserves and it remains one of the
cheapest sources of energy, coal will likely maintain a central position in its
energy system. Although constraints on the supply of coal domestically might
mean that it will have to look out for another staple fuel in the long run, the
reserves are so vast that China can remain self-sufficient for a long time still.
Unlike with other fossil fuels like oil and gas, energy security concerns will run
counter to a big shift away from coal. The large-scale implementation of carbon
capture and storage (CCS) technologies, that might allow the continued use of
coal while reducing the carbon emissions, is fraught with difficulties and will
most likely carry significant economic cost. This means that it will be very hard
to turn away from coal and achieve the transformation to a low-carbon energy
system in China on the short term, which is required by the stabilization
scenarios.

This chapter will discuss the challenges outlined above. The following two
sections aim to provide a fundamental understanding of China’s developmental
stage, its energy system, and its policy measures on energy and climate change.
The fourth section will focus on China’s growth patterns and opportunities for
emissions mitigation in several key areas including industrial energy demand,
the power sector, energy efficiency of buildings and the transportation sector.
Several quantitative scenarios on China’s future development are examined in
Section 5, followed by conclusions.

2. DEMAND AND SUPPLY OF ENERGY IN CHINA

This section provides an overview of China’s energy use, first discussing its
energy consumption in the context of overall development followed by
a discussion of the supply side of the energy system.
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2.1. China’s Development and Energy Consumption

Although in some aspects China already appears to be a fully developed
country, it is important to realize that China as a whole is still a country in
transition with an uneven level of development.

Average per capita income levels, although having increased significantly in
the course of the past few decades, still stand at US$6,600 per year when
measured at purchasing power parity terms compared to US$46,400 in the
United States. As of 2009, more than half of China’s population still lives in
rural areas and almost 40% is employed in the agricultural sector, even though
that sector only contributes little more than one-tenth to the GDP (see Box 1;
and CIA, 2010).

Indicative of China’s uneven developmental stage is the fact that energy
consumption is dominated by industry, which accounts for almost 60% of the
final energy consumption and 75% of electricity demand. The industrial sector,
which accounts for about half of China’s GDP, has a large share of energy-
intensive sectors such as iron and steel, cement, chemicals, aluminum, other
nonferrous metals, and pulp and paper. The main driver for these industries is

BOX 1 People’s Republic of China e Key Statistics Including Global
Rankings

Population: 1,330,141,295    (1) Primary energy consumption: 2177 mtoe (2) 
Area: 9,596,961 sq km    (4) Coal production: 3050 million tonnes  (1) 
Arable land: 14.86%    Electricity production: 3.451 trillion kWh  (2) 
Urban population: 43% of total   Installed capacity (end 2009): 784 GW  (2) 
Literacy rate: 90.9%    Oil consumption: 8.6 million barrels per day  (2) 
GDP (PPP): US$8.789 trillion   (2) Oil imports: 5.1 million barrels per day   (2) 
GDP (PPP) per capita: US$6,600  (127)  Natural gas consumption: 88.7 bcm   (6) 

Mtoe: million tonnes of oil equivalent. General statistics are 2008/2009 estimates taken from (CIA, 2010).
Energy-related statistics over 2009 are taken from (BP, 2010), except  electricity production (CIA, 2010) and 
installed capacity (Xinhua, 2010). 
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the enormous infrastructure development taking place in China, increasing
demand for cement and construction materials, and demand from both light and
heavy manufacturing industries for copper, aluminum, and steel (USGS, 2004).
Complicating the argument that China should be held responsible for the
pollution and emissions caused by its industry is the fact that much of its
economy is geared toward exports. According to research by the British Tyndall
Centre, roughly one-third of China’s total emissions can be attributed to the
manufacturing of goods that are exported, or about one-quarter if one adjusts
for emissions embodied in imports (Wang and Watson, 2007; IEA, 2008,
p. 387).

Per capita primary energy supply and electricity consumption levels stand at
one-third of OECD levels, even though China has successfully pursued an
electrification program with roughly 99% of its population having access to
electricity. Yet, in comparison with more developed countries, energy
consumption by transportation and the residential and commercial sectors are
still small, indicating the potential for growth. Figure 2 shows the comparison
of final energy consumption by sector between China and the United States
(IEA, 2009a; ADB, 2009, p. 150).

2.2. Resources Base and Energy System

To accommodate its rising demand for energy, China has expeditiously
developed its energy supplies and has remained largely self-sufficient. China
accounts for about one-fifth of the world’s energy consumption and reportedly
overtook the United States as the largest energy consumer in 2009.

Figure 3 shows the structure of China’s primary energy consumption and
illustrates the dominant position of coal. Coal has fueled China’s industriali-
zation as the most abundant and the most easily exploitable fuel available.
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Industry Transportation
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FIGURE 2 Final energy demand by sector in China and the United States. Source: APERC,

APEC Energy Overview 2008, March 2009.
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China holds the world’s third-largest coal reserves, behind the United States
and Russia, and the reserves amount to 13.9% of the world’s total (BP, 2010).
China has emerged as both the world’s largest consumer as well as producer of
coal. It accounts for about 45% of global coal demand and production and
produces more than twice as much as the United States, which ranks second.
Moreover, production is increasing at an astonishing rate, doubling between
2001 and 2008 and growing faster than primary energy demand growth in
recent years. Although energy policy has aimed to limit the use of coal due to
the negative environmental impact, this has had only limited effect up to the
present. Figure 3 shows how in past decades the share of coal steadily declined
until around 2002, after which it increased again to just under 70%, due to
a sudden boom in industrial energy demand.
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The second most important fuel in China’s energy mix is oil. Even though it
is the world’s fourth largest country in terms of land area, China’s proven
reserves amount to only 1.1% of the world’s total. Nonetheless, China is the
world’s fifth largest producer of oil, behind Russia, Saudi Arabia, the United
States and Iran, producing about 4 million barrels per day. In spite of this
prolific production, it is already reliant on imports for almost 60% of its
domestic oil consumption (BP, 2010). This share might reach 80% or more by
2030, as domestic production is expected to flatten while consumption is
projected to increase.

Natural gas occupies only a minor share in China’s energy system. Gas
consumption and production levels stood at 88.7 billion cubic meters (bcm) and
85.2 bcm, respectively, in 2009, but have been increasing at a rapid rate (BP,
2010). It is expected that domestic production will run into constraints however,
as proven gas reserves are limited, amounting to 1.3% of the world’s total.
Demand for gas has been growing at around 10% annually since 2000 (BP,
2010). Gas is used mainly by the petrochemical industry, for fertilizer
production, and for enhanced oil recovery. Residential use for heating and for
gas-fired power generation are currently small but increasing. Gas import
dependency, currently around 5%, is expected to rise quickly in future, adding
to China’s energy security concerns. It might reach about 50% by 2030 (IEA,
2009b). Exploitation of unconventional gas resources in China has been touted
by some analysts as a potential option to counterbalance this rising import
dependency. Current production capacity is however still in its infancy (Wang
et al., 2009).

China is the world’s second largest electricity producer and consumer,
behind the United States. In 2008, it consumed 3451 billion kWh of electricity:
more than the electricity generation of Africa, Central and South America, the
Middle East, and India combined (Box 1; EIA, 2009).4 Figure 4 shows that
about four-fifths of electricity in China is generated by coal-fired power plants.
Hydropower is the only other significant source of power generation, contrib-
uting 15%, while nuclear power, oil- and gas-fired power plants occupy only
minor shares. The large role for hydropower reflects that China holds the
world’s largest hydropower resources and has emerged as the world’s largest
producer of hydroelectricity. As hydroelectricity still is by far the world’s most
important source of renewable energydaccounting for four-fifths of all
“renewable” electricity at a global leveldthis makes China the world’s largest
producer of renewable energy as well (REN21, 2010). However, the

4. The recent estimate of Chinese electricity consumption (of 3451 billion kWh in 2008) is taken

from CIAWorld Factbook, 2010. The international comparison however is based on (preliminary)

figures for 2006 from U.S. Energy Information Administration (EIA), Annual Energy Review

2008, June 2009: www.eia.doe.gov/aer/pdf/aer.pdf, p. 337. Net electricity generation (in billion

kWh) of China is 2717.5, Africa 546.8, the Middle East 641.4, Central and South America

951.0 and India 703.3.
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contribution of nonhydro renewable energy sources in China, such as wind,
biomass, and solar, is still rather marginal and accounts for less than 1% of the
electricity supply (IEA, 2009b).

3. ENERGY AND CLIMATE CHANGE POLICY

Chinese energy policy has been driven mainly by energy security concerns that
favored the development of domestic energy resources. Although energy
security remains of paramount importance, concerns about the environmental
impact of excessive coal use and perceived economic opportunities in new
energy technologies have become important factors as well, as further
described in this book’s Chapter 2 by Felder et al. This section discusses
various aspects of Chinese energy policy and the implications for its policy on
climate change.

3.1. Energy Policy

Traditionally, there has been a strong emphasis on energy efficiency and energy
conservation in Chinese energy policy, which has led to the remarkable growth
pattern observed in the two decades from 1980 to 2000. During this period GDP
quadrupled while energy consumption merely doubled, which signifies quite an
impressive feat for an industrializing country.

China has reiterated the goal of quadrupling GDP while only doubling
energy consumption for the period 2000 to 2020, but with a surge in energy
demand in the first decade of the new millennium, reaching this objective has
become practically impossible (Figure 5). Nonetheless, China is continuing to
strongly promote energy efficiency and set a 20% reduction target in energy

FIGURE 4 China’s power generation

fuel mix. Source: IEA, WEO2009

(2007 data).
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intensity, i.e., energy consumption per unit of GDP, into its 11th Five-Year Plan
covering 2005 to 2010. It has been estimated that the emissions savings
resulting from this policy are around 1.5 billion tons of CO2, almost five times
as much as the absolute amount set by Europe (EU-15) under its Kyoto Protocol
commitment (LBNL, 2007).

To implement its energy efficiency policy China has initiated quite effective
programs such as the Top-1000 Enterprises Program, which targets the one
thousand largest industrial energy consumers that together account for almost
half of China’s energy demand and two-thirds of its industrial energy demand.
Through semivoluntary targets and energy audits at these companies, large
improvements in energy efficiency are sought and implemented (Price et al.,
2008; and this book’s Chapter 12 by Brown et al.). Fuel efficiency standards
for cars have been raised following European requirements, and are already
stricter than in the United States. In terms of raising efficiency in power
plants and industry, China is pursuing a policy to close down small inefficient
units and factories. According to government estimates, 55.5 GW of capacity
has been closed down in the period 2006e2010 (Reuters, 2009). Energy effi-
ciency labeling has been made mandatory for many consumer products and
appliances. Furthermore, a new building code standard has been introduced to
achieve a 50% saving standard from previous requirements (WRI, 2009;
APERC, 2008, p. 109).

Chinese policy aimed at the power sector has several aspects. Concerning
coal-fired power plants, which make up the bulk of power generation capacity,
energy policy is directed at modernization of the fleet. Overall energy

FIGURE 5 Chinese energy demand and GDP growth compared to 2020 targets. Source: China

Statistical Yearbook 2009, SCE denotes (Chinese) standard coal equivalent. Based upon: Mark D.

Levine, Nan Zhou, Lynn Price, ‘The Greening of the Middle Kingdom: The Story of Energy

Efficiency in China’, Lawrence Berkeley National Laboratory, May 2009, p.22.
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conversion efficiency of Chinese power plants is estimated be about 33.8% on
average, about 6%e7% lower than coal-fired power plants in developed
countries. It can be as high as 45%e47% for new state-of-the-art ultra-super-
critical power plants, and China is introducing such plants at a significant scale
(CIEP, 2009, p. 68).

A second objective is to limit coal-fired power generation due to environ-
mental concerns over air pollution and acid rain. To this end, China is strongly
promoting the use of renewable energy and nuclear power. A goal has been set
to increase the share of nonfossil energy sources from 7.5% to 15% of primary
energy consumption by 2020. An additional incentive is the aim of establishing
a strong domestic industry in wind, solar, and nuclear energy (CIEP, 2009, pp.
75e77).

The expansion of hydropower is still the mainstay of renewable energy
development and government policies have strongly encouraged the
development of both large-scale hydropower projects, such as the 22.5 GW
Three Gorges Dam, and small-scale hydropower in rural areas. More
recently, nonhydro renewables are stimulated by various policies including
feed-in tariffs and a renewable energy portfolio standard (RPS) for grid and
power companies (Martinot and Li, 2007). For wind energy this has
resulted in a spectacular growth with total installed capacity doubling four
years in a row. China emerged as the largest growth market for wind
turbines in 2009.5 Similarly, China’s solar energy industry has been
growing rapidly. In contrast to the Chinese wind industry, it has been
almost completely directed at the export market. In very little time Chinese
solar cell and panel manufacturers have gained significant global market
shares. In its Renewable Energy Medium and Long Term Development Plan
the government announced targets for 2010 and 2020 (Table 1), but some of
these have already been exceeded. The 30 GW target for wind by 2020, set
in 2007, has already been surpassed. It is likely to be revised upward to 100
GW or even 150 GW. For solar power, the target has been set at 1.8 GW for
2020, although some officials have signaled this could be put much higher
at 10e20 GW. This would be quite an ambitious goal considering that
there was not even 1 GW of grid-connected solar power installed in
China in 2009 and about 21 GW of solar-power installed worldwide as of
2009 (REN21, 2010). The deployment of solar hot water has been more
widespread: China holds 70% of all global solar hot water capacity and
continued growth is strongly supported by the government (REN21, 2010,
p. 12).

The Chinese definition of nonfossil energy also includes nuclear power,
which currently plays only a minor role in electricity supply (Figure 4). At
present, 13 reactors are in operation with a combined capacity of about 10 GW.

5. Installed capacity of wind power doubled four years in a row: from 1.3 GW in 2005 to 2.7 GW

in 2006, 5.9 GW in 2007, 12.2 GW in 2008, and 25.1 GW in 2009 (GWEC, 2009, p. 27).
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However, the contribution of nuclear power is set to increase fast, as more than
one-third of all nuclear power plants under construction worldwide are being
built in China. Official targets aim to expand the nuclear power capacity to 40
GW by 2020, but this target is quite likely to be revised upwards to 60 GW or
even 70 GW. Policy documents indicate that China aims to build up a domestic
nuclear industry and strong technology transfer conditions were included in
contracts awarded to foreign suppliers of nuclear technology (CIEP, 2009;
World Nuclear Association, 2010).

3.2. Policy on Climate Change

China unveiled an explicit comprehensive policy on climate change with the
launch of its National Climate Change Programme in 2007 (NDRC, 2007a).
Measures that were included in the document can largely be interpreted as
cobenefits arising from China’s energy policy (Table 2). Yet even if these
policies are partly driven by energy security, and environmental and economic
considerations, they already yield significant benefits for climate change
stabilization objectives.

TABLE 1 China’s Renewable Energy Targets for 2020

RE source Total potential 2005 Target 2010 Target 2020

Hydropower 400 GW (540) 117 GW 190 GW 300 GW

Biomass
biomass power
biomass pellets
biogas
bio-ethanol
bio-diesel

- - e 5.5 GW
e 1m tonnes
e 19bn m3

e 2m tonnes
e 0.2m tonnes

e 30 GW
e 50m tonnes
e 44bn m3

e 10m tonnes
e 2m tonnes

Wind power 300 GW onshore,
700 GW offshore

1.26 GW 5 GW onshore,
200 MW
offshore

29 GW onshore,
1 GW offshore
(under revision)

Solar power PV 70 MW 0.3 GW 1.8 GW

Solar thermal 80m m2 150m m2

(30 Mtce)
300 m2 (60 Mtce)

Geothermal
power

4 Mtce 12 Mtce

Tidal power - 100 MW

Source: National Development and Research Commission, Medium and Long Term Development
Plan for Renewable Energy in China (draft), September 2007.
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However, this does not hold for all measures. Gas-fired power plants, for
instance, which emit approximately half the amount of CO2 per kWh, are also
set to increase to 70 GW but are not overly promoted due to concerns over the
forecasted rise in gas imports (CIEP, 2009, p. 67). China’s system of energy
pricing is another aspect that is hampering a drive for energy-efficiency and
demand reduction. The price of electricity in particular is tightly controlled and
kept relatively low. As a consequence, there is little economic incentive for
energy-efficiency improvements. Additionally, China is developing coal
liquefaction technologies with energy security as the main driver. However, due
to the polluting production process, the carbon footprint of coal-based petro-
leum is much higher than conventional petroleum.

To truly implement policies and measures that will meet climate change
objectives on the longer term, it will be necessary to take a step beyond energy
security driven policies. The most crucial aspect of that will be to turn away
from coal as a main fuel in China’s fuel mix or to ensure the widespread
deployment of CCS technologies. The former would run counter to energy
security and economic concerns, while the latter carries significant costs. China
is pursuing advanced coal technologies, including integrated gasification
combined cycle (IGCC) power plants and CCS, as demonstrated by the

TABLE 2 Chinese Estimates of Avoided Emissions, due to Mitigation

Measures in China’s National Climate Change Programme

Emissions avoided

by 2010 (Mt of CO2e) Measure

550 Implement various energy conservation programmes

500 Continue to expand hydropower for electricity generation

200 Develop coal-bed methane (CBM) and coal-mine methane
(CMM)

110 Upgrade thermal power generation: develop (ultra)-
supercritical units, combined-cycle units, heat/power
cogeneration, heat/power/coal gas multiple supply units

60 Utilize wind, solar, geothermal, and tidal energy

50 Increase forest rate to 20% and enhance carbon sinks

50 Continue to promote nuclear energy

30 Promote bio-energy for power generation and fuels

1550 TOTAL

Source: National Development and Reform Commission, China’s National Climate Change
Programme, June 2007.

457Chapter | 15 Why China Matters



“GreenGen” project near Tianjin. However, some kind of carbon price or
international financial assistance program would be necessary to incentivize the
implementation of CCS as long as a direct economic rationale is lacking
(Morse et al., 2009).

The adoption of carbon intensity targets in the run-up to the COP-15 summit
in Copenhagen in December 2009 should be seen in this light. China
announced the goal of lowering the carbon intensity of its economy by 40%e
45% by 2020 compared to 2005 levels as a voluntary initiative. This should be
regarded as a significant step, as it will also turn the focus to improving
emissions monitoring and achieving emissions reductions within China’s
energy system, on top of improving energy efficiency. However, as illustrated
in Section 5, the target aligns with improvements already following from recent
energy policy measures and in itself it will not be sufficient to drastically
change China’s developmental path.

4. GROWTH PATTERNS AND MITIGATION OPPORTUNITIES

This section discusses several areas that can be considered of special impor-
tance given their impact on energy and emissions and the potential for miti-
gation measures.

China’s demand for energy is driven mainly by its growing economy and
increasing levels of prosperity. Population growth is less of a factor as the
growth rate has slowed considerably due to China’s one-child policy and now
stands at 0.655% annually. This is less than half of India, which is expected to
overtake China as the world’s most populous country by 2025 (UN, 2008).6

The sectors that are the most important in China’s current energy
consumption system are industry and the power generation sector. They also
play a vital role in China’s GHG emissions: combined, the two sectors account
for practically all coal consumption within China, and coal combustion causes
about 75% of China’s total CO2 emissions. These emissions in turn account for
about four-fifths of China’s total GHG emissions.

Addressing these two sectors will be crucial to curtail rising emissions in
China. Both reducing the energy intensity and carbon intensity of further
growth will be necessary to make China’s energy future more sustainable.
While for the power sector there are technological options available to decar-
bonize the supply of energy, for industry this will remain a significant challenge
as described in this book’s Chapter 12 by Brown et al. For both sectors there are
also significant gains to be had from energy-efficiency and demand reduction.
However, other sectors that still contribute less to energy demand and emissions
will also be important for pre-empting future growth.

6. According to these same “median variant” UN projections, China’s population might already

peak in 2030 at almost 1.5 billion and fall to 1.4 billion by 2050. In its high growth rate variant,

however, China’s population would increase further to 1.6 billion people by 2050.
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4.1. Economic Growth and Industrial Energy Demand

Economic growth forecasts for China remain quite robust and the expansion of
economic activity will be the main driving factor for an increasing demand for
energy. When considering the ratio between the primary energy supply and
GDP, China’s economy is still more than four times as energy-intensive as the
OECD average. The main reason for this is the predominance of energy-
intensive industries in China’s economy, mentioned in Section 2.1. China is
a major global producer in many heavy industries: it accounts for 33% of the
world’s production of aluminum, 49% of cement, 51% of pig iron, and 38% of
raw steel (USGS, 2010). A second contributing factor is the fact that the energy
efficiency of the production processes in these industries are still significantly
below the standard of best available technologies. This holds especially true for
energy-intensive heavy industries such as steel, copper, aluminum, ammonia,
plate glass, and cement, where energy intensity levels are still 25%e60%
higher than the advanced international levels (APERC, 2008)7. As a conse-
quence, improving energy efficiency in these sectors can contribute signifi-
cantly to reducing energy consumption levels. However, in general these
energy-efficiency and energy-conservation gains cannot be expected to offset
significantly higher demand caused by expanding production in these sectors
(IEA, 2009c). In the end, industrial restructuring and moving toward a more
service-oriented economy will be essential for lowering China’s future energy
demand (Wang and Watson, 2008 and 2009).

4.2. The Power Sector and Electricity Demand

At a global level, the existing power generation sector already determines much
of our future carbon emissions. Three-quarters of all generated electricity in
2020dand more than half in 2030dis estimated to come from power plants in
operation today, according to the IEA (IEA, 2008, p. 12). In that sense, China
and the massive expansion of its power sector offers a unique opportunity to
influence the future energy system and level of emissions.

The power sector in China has been going through a phase of frenzied
growth as consumption of electricity has been soaring. Demand has been
increasing with growth rates between 9% and 15% in the past decade and
installed capacity more than doubled in size since 2000. To illustrate the scale
of this expansion, for every year in the three-year period 2005e2008, the
equivalent of the whole power sector of the United Kingdom has been added in

7. APERC, APERC Energy Overview 2007, 2008, p. 46. APERC, Understanding Energy in China,

2008, pp. 101e103. Potential energy efficiency gains in energy resource consumption per unit of

output for various industries: coal-fired power (17%), steel (18%), copper smelting (56%),

aluminium (38%), ammonia (25%), cement (14%), plate glass (44%), and paper and paper

products (120%).
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China. Although the economic and financial crisis caused a drop in electricity
consumption in the beginning of 2009, the total yearly electricity consumption
in 2009 grew 6% and installed capacity reached 784 GW (MIT, 2008; CBS,
2009; Xinhua, 2010).

The previous section on Chinese energy policy indicated that China is
striving to limit the role of coal in its power system. However, despite
increasing investment in nuclear power and renewable energy sources, the
majority of the growth in electricity supply is still coal-fired (Figure 6). China
has been building the equivalent of several 500 MW coal-fired power plants per
week (MIT, 2008). Considering that one 500 MW coal-fired power plant emits
about 3 million tonnes of CO2 per year, large amounts of CO2 emissions are
being locked-in (MIT, 2007, p. ix). Apart from the impediments to CCS that
were already discussed, offsetting the coal-related emissions would require
a tremendous upscaling of the technology; today’s largest CCS activities at
Sleipner (Norway) In Salah (Algeria) and Weyburn (U.S./Canada) store less
than 5 million tons of CO2 per year in total.

Table 3 shows that coal would still account for 58% of all installed capacity
if China would meet all its ambitious targets by 2020 and electricity demand
would follow the relatively conservative projection of the IEA. Given the fact
that the renewable energy sources do not generate electricity according to their
full capacity due to intermittency, the share of coal in terms of total generated
electricity would even be higher.

In the medium term, the development of renewables in China will also face
several impediments. One very significant challenge is that the development of
hydropower in China will run into natural constraints. According to China’s
Medium and Long Term Development Plan for Renewable Energy (NDRC,
2007b), the total economically feasible potential for hydropower is estimated to
be 400 GW, with a technically feasible upper limit of 540 GW. This means that

FIGURE 6 Development of Chinese electricity production by source 1980-2007. Source: Energy

Information Administration (EIA), U.S. Department of Energy, International Energy Data, Net

Electric Power Generation. Most Recent Annual Estimates (2008).
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already nearly half of the total potential economically viable hydropower
reserves have been utilized, and this will grow to three-quarters if China
achieves its target of establishing 300 GW of hydropower by 2020 (Table 3).

Regarding the development of wind and solar energy, China has a large
potential but significant challenges exist as well. The resource potential for
wind power is estimated at 1000 GW, of which about 300 GW is onshore and
700 GW offshore (Table 1; NDRC, 2007b). The best onshore resources are
located in northern and western provinces (Figure 7). A consequence is that
considerable transmission capacity is needed to transport the wind energy to
urban demand centers. Problems with connecting far-off wind farms to the grid
and the intermittency of the electricity supply are impeding China’s wind
energy expansion already. It is estimated that one-third of all wind farms in
China are not connected to the grid. For developing solar energy resources,
similar problems can be expected, as China’s western provinces such as Tibet,
Xinjiang, and Qinghai are the most promising but located far away from
consumption centers (Figure 8). Offshore wind resources have the advantage
that they are located close to the densely populated coastal regions, but
investment costs are still relatively high. The deployment of offshore wind in

TABLE 3 Overview of Chinese Power Generation Capacity by 2020, Under

the Assumption that Suggested Policy Objectives will be Achieved, in

Gigawatt

Energy type Capacity (2006)x Shares Capacity (2020) Shares

Hydro 132 21% 300 21%

Wind 3 0% 100 7%

Gas 14 2% 70 5%

Nuclear 7 1% 70 5%

Biomass 2 0% 30 2%

Oil 16 3% 20x 1.4%

Solar 0 0% 10 0.7%

Total non-coal 174 28% 600 42%

Coal 449 72% 818 58%

Total capacity 623 100% 1418x 100%

Source: CIEP, 2009, p. 63. Based upon various government targets, additional projections (marked by x)
taken from the Reference Scenario in International Energy Agency,World Energy Outlook 2008, p. 531.

461Chapter | 15 Why China Matters



FIGURE 7 Map indicating regional spread of wind energy resources in China. Source: Asia

Pacific Energy Research Centre (APERC) (2004). New and Renewable Energy Overview in the

APEC Region.

FIGURE 8 Map indicating regional spread of solar energy resources in China. Source: Asia

Pacific Energy Research Centre (APERC), 2004. New and Renewable Energy Overview in the

APEC Region.
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China just started with a 100 MW wind farm off the coast near Shanghai, but
a rapid growth of offshore wind farms is expected.

As far as biomass power is concerned, there is a potential for using large
volumes of agricultural waste products, but developing and improving energy
grasses and second-generation energy crops will be required to greatly expand
biomass as a source of electricity. Currently biomass-fueled power capacity
stands at only 2 GWand growth will need to accelerate rapidly to meet the 2020
target of 30 GW (Table 3).

Nuclear energy has the advantage that uranium and other reactor fuels are
relatively abundant globally and it can play a serious role in reducing carbon
emissions from China’s power sector. The cost-effectiveness and high load-
factor once in operation make it a viable option that could have a large impact.
The main impediments are capacity constraints concerning the construction of
nuclear power plants at a massive scale and potential environmental concerns
over safety and nuclear waste.

4.3. Urbanization and the Energy Efficiency of Buildings

Urbanization is playing a key role in the growth of energy demand in several
ways. First, urban per capita energy consumption levels are much higher than in
rural areas. Second, the construction of housing and infrastructure is driving
much of the demand for products of China’s energy-intensive industries such as
cement, steel, and other building materials. Lastly, the residential and
commercial buildings constructed now will lay the foundation for future energy
consumption levels to a great extent (LBNL, 2008a and 2008b).

The fundamentals underlying China’s urbanization imply the trend is by no
means exhausted. More than half of China’s population still lives in rural areas
and China’s urban population is steadily increasing at the rate of 15e20 million
annually. From 2000 to 2006, China’s urban population expanded by 26% from
459 to 577 million and it is expected to surpass the 1 billion mark between 2025
and 2030. This means China could have almost 110 cities with over 1 million
people by 2015, growing to more than 220 cities by 2025 (McKinsey, 2009b).

China is currently engaged in an unprecedented housing boom to accom-
modate the growing urban population. It accounts for about half of all building
construction taking place worldwide, with about 2 billion square meters of
floor-space added every single year.

While the construction sector contributes to current industrial energy use by
creating demand forChina’s energy-intensive industries, it can be considered even
more important for mitigation purposes in the long run. In developed countries,
buildings on average account for 30%e40% of the total energy consumption via
heating, cooling, lighting, and other appliances. New building techniques, passive
design concepts, and smartmetering technologies can however significantly lower
this energy demand, as discussed in this book’s Chapter 9 by Gray and Zarnikau,
Chapter 10 byEhrhardt-Martinez et al., andChapter 14 byBauermann andWeber.
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Implementation of such features in China could have a lasting major effect on
future levels of energy consumption and emissions.

4.4. Transportation

Private car ownership in China is still low by international standards as only 3
people out of 100 own a car, compared to developed countries where the figure
stands at roughly 50 per 100 people in European countries and exceeds 76 per 100
in the United States. As a consequence, transportation energy demand has been
relatively small, up to now. Figure 2 showed that transportation in China accounts
for only 12% of the total final energy use, compared to 41% in the United States.

This, however, is set to change rapidly as sales volumes of cars in China
have been skyrocketing, taking over the United States as the largest automobile
market in 2009. A growing number of middle-class citizens can now afford to
own cars with significant implications for energy use and carbon emissions.
Analysts expect car ownership to surge fivefold by 2020 to reach about 15 cars
per 100 residents. Aviation is also experiencing rapid growth, with Beijing-
Shanghai already ranking as the world’s sixth busiest route, with slightly more
than 4 million passengers per year (China Daily, 2009; UNEP, 2008).

On a global level, emissions from transportation amount to almost one-quarter
of energy-related CO2 emissions and are projected to continue to rise swiftly. The
sector remains one of the hardest to address in moving toward a more sustainable
system in terms of energy and emissions.8 This also holds for China, but as
a sector still in expansion there is still scope for influencing the development.

Several options are being pursued. First, the growth in private car ownership
is being discouraged with restrictions being in place in China’s most populous
cities. Second, large investments are being made in public transport, both within
cities as well as in-between cities. Metro line construction is progressing at an
enormous pace and a high-speed railway network is being developed between
the largest cities (MIT, 2010). There are also experiments with other concepts
such as a bus rapid transit system that will be introduced in Guangzhou.

The most commonly identified alternatives to petroleum-based trans-
portation are biofuels, electric and/or hybrid vehicles, or hydrogen-based
vehicles. Since China has limited arable land suited for agriculture (Box 1),
expanding biofuels at a large-scale does not seem to be a promising option, at
least not until suitable second-generation biofuels become available. The
development of hydrogen-based vehicles might be an option, depending on
breakthroughs in technology and costs.

8. For this reason, the IEA projects that the most incremental investment for achieving their 450

Scenario will be needed in the transport sector: about three times as much as for buildings (ranking

second) and more than three times as much as for the power generation sector (ranking third).

Mentioned is estimated cumulative investment for the period 2010e2020. IEA, World Energy

Outlook 2009, p. 263, Fig. 7.2.
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Electric cars can be considered as the most promising alternative for China,
as this would align well with the objectives of reducing its oil import dependency
and building up an internationally competitive car industry. There are several
factors which make China well-positioned to take a lead in the development of
electric cars: China’s domestic car industry has focused largely on small efficient
cars and China also has a strong base in battery manufacturing industry. The
Chinese firm BYD, originally a battery manufacturer that moved into the electric
car sector, is one prime example that caught quite a lot of attention and might be
an indication of future developments. The ability of the Chinese government to
issue strong centralized policy could be a major advantage in enforcing necessary
standardization and infrastructure adjustments for electric vehicles. The potential
impact of government measures is illustrated by the ban on gasoline scooters that
has been issued as an air pollution reduction measure in major cities such as
Shanghai and Beijing, which led to a rapid and near-complete shift toward
electric bicycles and scooters.

However, for electric cars to really take off in China, or anywhere else, large
improvements in cost and convenience will need to be made. The government
has been running several promotion schemes that give consumers subsidies for
buying an electric car, but prices are still relatively high and domestic sales
volumes have been negligible up to now. Furthermore, although the introduction
of electric cars would have an immediate effect in reducing oil demand, it would
have little impact on emissions if the electricity used for transportation would
still be generated by a highly carbon-intensive power sector.

5. FUTURE SCENARIOS

China’s GHG emissions have been growing prodigiously, together with its
energy consumption. The massive population but low per capita income and
energy consumption levels clearly point to the staggering potential growth that
might still take place.

Although the overall long term trend is inexorably upward, it has proven to
be rather difficult to establish a “business-as-usual” (BAU) scenario for China.
Previous projections have seriously underestimated the growth rates for both
energy and emissions. In particular the surge in primary energy consumption
and emissions which took place in the years following 2002, due to a sudden
boom in heavy industry, was unforeseen by most analysts9 (LBNL, 2008c).

Taking these considerations into account, several scenarios that illustrate
BAU and alternative growth trajectories for China will be examined.

9. The U.S. Energy Information Administration in its International Energy Outlook 2004, for

instance, projected that it would take China until beyond 2025 to overtake the United States as the

largest emitter of CO2. In fact, this already happened in 2007. As a consequence, emissions

trajectories for China have been significantly revised upwards in more recent projections. Esti-

mates for Chinese emissions in 2030 by the IEA, to take another illustrative example, were

increased by 70% between its World Energy Outlook of 2004 and 2007 (LBNL, 2008c).
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5.1. Business-As-Usual Scenarios

According to China’s own statistics, total GHG emissions increased from 4.060
million tons of CO2 equivalent (Mt CO2e) in 1994 to 6.100 in 2004: an increase
of about 50% in one decade (NDRC, 2007a, p. 6). Total Chinese GHG emis-
sions for 2007 have been estimated at 7.6 Gt CO2e, of which 6.1 Gt are energy-
related CO2 emissions.10

Table 4 shows that most BAU scenarios see China’s emissions more or less
doubling by 2030, taking into account that energy consumption and emissions
have shown a significant acceleration since 2002. Energy-related emissions of
CO2 are expected to exceed 11 Gt by 2030, with total GHG emissions reaching
14.5 Gt according to McKinsey. The underlying assumption of economic
growth is a very significant factor in making these projections. The McKinsey
baseline scenario assumes an overall average GDP growth rate of 7.8% over the
projection period.11 In its World Energy Outlook 2007, the IEA also included
a High Growth scenario which assumed Chinese average GDP growth over the

TABLE 4 Several Business-As-Usual Emissions Scenarios for China to 2030

Emissions (Gt CO2e)

Base year

emissions 2020 2030

Average

growth

IEA, WEO2007, Reference Scenario 5.1 (2005) 11.4 3.3%

IEA, WEO2007, High Growth Scenario 5.1 (2005) 14.1 4.2%

EIA, IEO2009, Reference Scenario 6.0 (2006) 9.4 11.7 2.8%

EIA, IEO2009, High Ec. Growth Scenario 6.0 (2006) 9.9 12.9 3.2%

IEA, WEO2009, Reference Scenario 6.1 (2007) 9.6 11.6 2.8%

McKinsey, China’s Green Revolution
(2009), baseline scenario

7.6 (2007)* 14.5* 2.8%

Average growth denotes average annual growth rate of emissions over the period base year-2030.

()): McKinsey emissions statistics are based on overall GHG emissions (i.e. all GHG gases), while IEA

and EIA emissions statistics only consider energy-related CO2 emissions. As a global average, energy-

related CO2 emissions represent 64% of total GHG emissions; for China this percentage lies higher at

approx. 80%.
Sources: McKinsey, China’s Green Revolution, 2009, pp. 22; IEA, WEO2007, pp. 389-402 (High
Growth Scenario), 596-599 (Alternative Policy and Reference Scenario); EIA, EIO2009, pp. 131, 148;
IEA, WEO2009, pp. 199-200, 210, 623, 647.

10. 7.6 Gt overall GHG in 2007 taken from McKinsey, Green Revolution (2009a), p. 29. See p. 22

for what is included in this estimate (CO2, CH4, N2O, and carbon sinks). 6.071 Mt of en.rel. CO2

emissions taken from IEA, World Energy Outlook (2009), p. 647.

11. Dropping from 9.9% between 2005 and 2010 to 8.2% between 2010 and 2020, and 6.5%

between 2020 and 2030 (McKinsey, 2009a, p. 32).
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period 2005e2030 would be 7.5% instead of the 6% annual growth used for the
WEO2007 Reference scenario. This would lead Chinese energy-related CO2

emissions to exceed 14 Gt by 2030, pushing the total of all GHG emissions
even higher (Table 4; IEA, 2007, pp. 389, 401). A few observations are worth
noting:

l First, the official goal of quadrupling GDP between 2000 and 2020 while
only doubling energy demand in the same period implies an average GDP
growth rate of 7.2% and a primary energy demand growth of 3.5% annually
up to 2020. If such a trend would continue until 2030, it would mean that
China will be more in line with the High Growth scenario rather than the
Reference scenario of the WEO2007.

l Second, the baseline scenarios already expect a significant decline in emis-
sions growth compared to the past two decades. Annual growth rate of over-
all GHG emissions stood at 4.7% for the period 1990e2007, whereas most
reference projections for 2030 see this slowing down to around 3% for
2005e2030 (Table 4; McKinsey, 2009a, p. 29). This reflects that baseline
projections have already been adjusted to incorporate the effects of China’s
energy strong policy on energy efficiency, renewables, and nuclear power of
the past years. The baseline scenario of McKinsey, for instance, projects an
average energy intensity reduction of 17% in every five-year period between
2005 and 2030 (McKinsey, 2009a, p. 37). This nearly equals the much-
touted 20% energy intensity reduction target that China issued for its
11th Five-Year Plan (2005e2010).

l Third, a similar observation holds with respect to China’s carbon intensity
target that was mentioned in Section 3. The World Energy Outlook 2009
reference scenario already assumes a 37% decline in carbon intensity of
China’s economy, measured in CO2 emissions per unit of GDP, over the
period 2007e2020. This almost equals China’s carbon intensity reduction
target of 40%e45% by 2020 compared to 2005 levels that was announced
in the run-up to the climate treaty negotiations at the Copenhagen COP-15
meeting. Similarly, the reference projections of the U.S. Energy Information
Administration (EIA) that were published in May 2009 already projected
a drop of 44% in carbon intensity for China’s economy between 2006
and 2020 (IEA, 2009, p. 183; EIA, 2009, p. 148).

These observations point out that the BAU scenarios for China might be
considered already reasonably “ambitious” and that there is also a risk that
they underestimate the growth of Chinese energy consumption and
emissions.

5.2. Alternative Scenarios

Several quantitative scenarios have been developed in other studies that
indicate how energy consumption and emissions from China would develop if
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China were to take a different course from what can be inferred from recent
trends. Since many of China’s progressive policies of recent years have
already been incorporated in the BAU scenarios, this means a significant
deviation from what has been implemented up until this point.

TABLE 5 Three ‘Alternative’ Emissions Scenarios for China to 2030

Emissions (Gt CO2e) Base year 2020 2030

Average

growth

Alternative Scenario 1:
IEA, WEO2009, 450 Scenario
for China 6.0 (2007) 8.4 7.0 0.7%

Extra details:
Over the period 2007-2030,
- CO2 intensity of the vehicle fleet drops from 235 gCO2/km to 90 gCO2/km.
- Power CO2 intensity drops from 922 gCO2/kWh to 448 gCO2/kWh.
- Share coal in power generation drops from 81% to 50%.
Power sector in 2030 includes the following (approx.):
770 GW coal without CCS 110 GW nuclear
100 GW of gas without CCS 120 GW other RES
370 GW hydro 250 GW wind
40 GW of coal and gas with CCS.

Alternative Scenario 2:
IEA, WEO2007, Alternative
Policy Scenario for China 5.1 (2005) 8.9 2.3%

Extra details:
- Coal supplies 64% of electricity by 2030.
- Energy demand increases with 90% in 2030 compared to 2005, but is 15% lower than
the reference scenario. Structural changes in the economy account for more than 40% of
the total energy savings.

Alternative Scenario 3:
McKinsey, China’s Green
Revolution (2009), abatement
scenario 7.6* (2007) 7.8* 0.1%

Extra details:
Power sector in 2030 has total capacity of 2122 GW and includes the following:
550 GW coal (25% with CCS) 144 GW gas
317 GW (large) hydropower 380 GW wind
120 GW (small) hydropower 380 GW solar
182 GW nuclear 48 GW other

Average growth denotes average annual growth rate of emissions over the period base year-2030.

()): McKinsey emissions statistics are based on overall GHG emissions (i.e. all GHG gases), while IEA

and EIA emissions statistics consider energy-related CO2 emissions. See note at Table 4.
Sources: McKinsey, China’s Green Revolution, 2009, pp. 22; IEA, WEO2007, pp. 389-402 (High
Growth Scenario), 596-599 (Alternative Policy and Reference Scenario); EIA, EIO2009, pp. 131, 148;
IEA, WEO2009, pp. 199-200, 210, 623, 647.
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We evaluate the findings of three different scenarios. One has been devel-
oped by using back-casting (i.e. calculating backwards from a “desired”
outcome): the IEA 450 Scenario of the World Energy Outlook 2009.12 Two
more scenarios assess how special measures or policies might work out and
impact on China’s energy and emissions characteristics: the Alternative Policy
Scenario of the IEA’s World Energy Outlook 2007 and the full abatement
scenario in McKinsey’s China’s Green Revolution study (2009a).

Table 5 summarizes the emissions trajectories and key statistics of the
different scenarios. Some background information of the scenarios is briefly
sketched in the three subsections below, after which we will turn to the
implications for climate change stabilization goals.

5.2.1. Alternative Scenario 1: IEA 450 ScenariodChina (WEO, 2009)

The 450 Scenario by the IEA envisions a future in which global emissions
would be reduced to allow for a stabilization of GHGs in the atmosphere at 450
ppm, equivalent to a 50% chance of limiting the temperature increase to 2�C.
China plays an essential role in this scenario as it contributes 37% and 33% to
the required global primary energy demand and emissions reductions by 2030,
respectively.

At the end of the projection period in 2030, China would occupy almost
27% of global energy-related emissions. Per capita emissions of CO2 would be
4.8 tonnes of CO2 per capita by 2030droughly the same as in 2007dafter
peaking in 2020 at 5.9 tonnes per capita.

While there is no detailed description of how China would achieve this
scenario, both energy demand reduction and decarbonization of the energy
consumption are critical. If we focus on the year 2030, energy demand would
need to be reduced by almost one-quarter compared to the reference scenario,
and the average carbon content of electricity would need to drop with 49% from
the expected 922 to 448 gCO2/kWh. To this end, the share of coal-fired elec-
tricity generation in the fuel mix would need to decline from 81% to 50%, while
the absolute amount of electricity supplied by nuclear power should increase
more than 15-fold (by 2030). Renewables would also need to experience an
astonishing growth: Electricity generated by hydro should increase fourfold;
wind 70-fold; and other renewable energy sources 230-fold. What this would
entail in terms of generating capacity by 2030 can be seen in Table 5.
Considering transport, the CO2 intensity of China’s car fleet would need to be
reduced by 57% from 235 grams of CO2 per kilometer (gCO2/km) to 90 gCO2/
km. To achieve this by 2030, 10% of all vehicles would need to be electric and
8.1% should run on biofuels. In terms of energy security consequences, China’s
gas imports would drop with 22% compared to the reference scenario, and oil

12. Another excellent back-casting analysis of Chinese emissions has also been made by the

Tyndall Centre, that incorporates four different future scenarios (Wang and Watson, 2008; 2009).
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imports would be limited to 11 million barrels per day by 2030 (IEA, 2009b,
pp. 216e218).

5.2.2. Alternative Scenario 2: IEA Alternative Policy
Scenario (WEO, 2007)

In this scenario, the IEA evaluated how several policy measures might work out
that have been considered but not fully implemented by the Chinese govern-
ment. This includes the strong promotion of natural gas over other fossil fuels,
reforming the pricing system, the introduction of fuel taxes, and shifting the
economy away from energy-intensive industry. Moreover, the scenario differs
from the reference scenario (of WEO, 2007) in that it assumes a very effective
enforcement of all related policy measures. Energy demand in 2030 would be
15% lower than its reference projection, but would nonetheless increase by
90% compared to 2005. Emissions would decrease by 2.6 Gt, equivalent to
22.5% compared to BAU: More than half of these reductions would be ach-
ieved through changes in the power sector, although coal would still supply
64% of all electricity in 2030. Structural changes in the economy would
account for more than 40% of the total energy savings and also coal demand
would fall with almost one quarter mostly due to less electricity demand.
Emissions would stabilize soon after 2020 at 9 Gt CO2 per year.

5.2.3. Alternative Scenario 3: McKinsey, China’s
Green Revolution (2009)

According to the McKinsey report, China’s overall GHG emissions could almost
be cut in half by 2030 compared to the baseline scenario, achieving a reduction of
6.7 Gt of CO2e. The largest reductions (3.8 Gt) would take place in the power
sector, where emissions would drop 70% compared to the baseline trajectory.
The share of coal in the electricity generation fuel mix would decline to 34% by
2030, by vigorously promoting renewables, natural gas, and nuclear energy. CCS
would need to be implemented to limit emissions from coal-fired power plants.
Other important areas for abatement are emission-intensive industries (2.1 Gt),
buildings and appliances (1.6 Gt), and road transportation (0.6 Gt).

As the power sector would contribute the most to reducing emissions, it is
worthwhile to review the structure of the power generating capacity that would
be required by 2030, which is summarized in Table 5, and compare this to our
discussions in Section 3 and Section 4.2.

The costs of implementing this scenario are estimated at 150e200 billion
euros per year over the period 2010e2030, on top of baseline investment
figures. One-third of these investments are estimated to have positive economic
returns, one-third will have slight to moderate economic cost, and the final one-
third will have substantial costs associated with them.

Technology is critical in McKinsey’s abatement scenario, as it requires new
technologies that save on energy demand and emissions to be introduced
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across all sectors. This holds especially for the largest growth sectors identified
in the baseline scenario: power generation, road transport, buildings, and
appliances. In the coal sector, the most important new technologies to be
implemented are integrated gasification combined cycle (IGCC) coal plants
(implemented at 100 GW in the abatement scenario) and carbon capture and
storage (to be implemented on one quarter of all coal-fired power plants by
2030), on top of more highly efficient ultra-supercritical plants already
incorporated in the reference scenario. In the power sector, there will need to
be more nuclear power, more wind (particularly offshore), more solar power,
and more cofiring with bioenergy and (bio)power from switch grass and
municipal solid waste. Hybrid and electric vehicles play a significant role in
transportation apart from advanced fuel efficiency improvements in ordinary
internal combustion engines. New technologies should be implemented in
industry, especially in energy-intensive sectors such as steel and cement
production. In terms of buildings, much can be gained by upgrading building
codes and introducing passive design elements that have high energy savings
for new buildings.

Finally, one crucial observation from the McKinsey report concerns the
importance of the speed of implementation of mitigation measures. Since
China’s expansion in various energy-consuming sectors is taking place at such
a rapid pace, it is estimated that after a five-year delay of starting full-scale of
implementation of all options, 30% of the abatement potential would be lost.
A ten-year delay would increase this to 60%.

5.3. Implications for Emissions Stabilization Scenarios

Stabilization scenarios have been developed by the Intergovernmental Panel on
Climate Change (IPCC) of the United Nations as a suggested course of action
to address climate change. Most attention has focused on limiting a global
temperature increase to 2�C, which has been confirmed as an important
threshold to limit ecological damage arising from climate change.

The objective of limiting a temperature increase to a maximum of 2�C is
considered to be equivalent to stabilizing concentration levels of GHGs in the
atmosphere at 450 parts per million (ppm), as this would give a 50% chance
of keeping the temperature rise below that level. To improve the chances of
not surpassing that threshold, even lower stabilization levels would be
required.

As the concentration level of GHGs is determined by the cumulative total
that is emitted over a certain period of time, various emissions trajectories
are possible that would lead to a certain stabilization level. However, post-
poning emissions reductions will require a faster decline and steeper
reductions later on.

According to the Fourth Assessment Report of the IPCC, stabilization
scenarios in the range of 445 ppme490 ppm would require global emissions to
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peak between 2000 and 2015 and decrease between 50% and 85% by 2050
compared to 2000 levels (IPCC, 2007a).

The burden-sharing of such global emissions reductions has been the
subject of much discussion, but one of the most prominent suggestions has been
for developed countries to reduce emissions by 25% to 40% by 2020 compared
to 1990 levels, while asking developing countries to improve on their BAU
projections of emissions by 15%e30%. In 2050, developed countries should
have reduced emissions by 80%e95% compared to 1990 levels, allowing for
more “carbon space” for developed countries as long as global emissions are
reduced by 50% (IPCC, 2007a).

On the basis of the modeling results by the IPCC, the IEA has developed its
own 450 Scenario that sees global GHG emissions peaking in 2020 at 44 Gt of
CO2e and declining to 21 Gt in 2050. In terms of energy-related emissions this
would mean a peak before 2020 at 30.9 Gt and a decline to 26.4 Gt in 2030 and
15 Gt in 2050. In this scenario, global energy related CO2 emissions would
have to decrease by about 1.5% per year in the period 2020e2050. Other
suggested scenarios are even more strict: The trajectory suggested by the
United Nations Environment Programme includes a global emissions target of
44 billion tonnes of CO2e for 2020 and 16 billion tonnes of CO2e by 2050
(UNEP, 2010).

The reference scenario projections for China, which were presented earlier,
render such stabilization scenarios impossible or, at best, extremely unlikely. If
China’s energy-related CO2 emissions were to continue to grow along the BAU
trajectories indicated by the IEA and EIA (Table 4), they would already take up
more than 40% of the annual global budget required for limiting a temperature
increase to 2�C by 2030. The McKinsey baseline scenario, which also takes
non-energy related GHGs into account, shows that Chinese emissions might
reach 14.5 Gt by 2030 while still being on the increase. This would be rather
hard to integrate with the UNEP target for global emissions in 2050 standing at
16 Gt (UNEP, 2010).

Of the three “alternative” quantitative scenarios that we examined, some
still allow China’s emissions to be incorporated into a 2�C stabilization goal. Of
course, this is self-explanatory in the case of the 450 Scenario by the IEA for
China, which has been designed exactly to meet this objective. In this scenario,
Chinese energy-related emissions would reach 7.0 Gt by 2030. The McKinsey
abatement scenario projects total GHG emissions to be 7.8 Gt by 2030, which
would still be in the range of what is required in the IEA’s 450 Scenario.
However, a comparison between the required power sector structure for 2030
by McKinsey (Table 5) and the evaluation presented in Sections 3 and 4.2
indicate the enormous challenge that this scenario represents and questions the
feasibility of such a transformation. The IEA Alternative Policy scenario shows
that even with more stringent policy Chinese emissions might very well be
above the required level for stabilization, projecting 2030 energy-related
emissions at 8.9 Gt.
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CONCLUSIONS

As a country still in the midst of its development, there are significant oppor-
tunities for China to develop along a more sustainable pathway than many
countries that industrialized before it. China has a chance to put strong policy in
place that can impact the energy system and energy-consuming infrastructure
that is being laid out and that will determine future energy consumption and
emissions levels up to a large extent. This holds especially true for several
sectors that are undergoing a rapid phase of expansion, such as power gener-
ation, housing, and transportation. There are also large potential gains to be had
by increasing the level of energy efficiency throughout China’s economy and
society.

China’s current progressive policies are already having significant positive
effects in reducing energy demand and energy-related emissions, as they
stimulate energy efficiency and conservation, renewable energy sources, and
nuclear power. The goal of establishing strong domestic industries in the field
of advanced coal utilization, wind energy, solar energy, nuclear energy, and
electric cars greatly contributes to a transition to a more sustainable energy
system. China’s role as a major global manufacturing center combined with
these progressive industrial policies make China well-positioned to develop and
deploy low-carbon and energy-efficient technologies. However, Chinese
energy policy does not have sustainability as its main priority and there are
serious impediments to achieving a sustainable energy system that will need to
be addressed. As the cheapest, most abundant, and most carbon-intensive fuel
available, the future role of coal in China’s energy system is the crux of the
matter regarding China’s drive for sustainability.

Our analysis of several quantitative scenarios of China’s future development
showed that the demand for energy and especially energy-related emissions
show an enormous increase, even if recent progressive policy measuresd
including China’s carbon intensity targetsdare taken into account. It can be
concluded that BAU trajectories are impossible to reconcile with climate
change stabilization scenarios that would limit a global temperature increase to
2�C. In fact, the most critical observation is that even with extreme measures
and vigorous implementation, these global stabilization scenarios will be
difficult to meet.

While current policies are not sufficient to achieve a sustainable energy
system in the short-term span required in order to mitigate climate change,
there are significant technical, economic, and political barriers that will hamper
a strengthening of current policy measures. The main priority of China is
economic development and the increase of welfare for its population. This
means there are limits to implementing measures such as raising energy prices,
limiting industrial energy demand, supporting renewable energy to expand
even beyond current high growth rates, and developing and deploying CSS
techniques to reduce emissions.
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The necessity of a sustainable energy future for China should not be just
a concern for China itself, however, as it will impact on the energy and climate
future of the world at large. Given the global repercussions, the world will
need to think about how to encourage an energy transition in China. Tech-
nologies, learning experiences, and best practices suggested in the other
chapters of this book can hopefully provide inspiration and a contribution to
this challenge.
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1. INTRODUCTION

Policymakers in Switzerland are bridging a gap to create an energy future that
is sustainable. The collective vision of a 2000-Watt Society, which requires
sharing global energy and material resources more fairly and equitably, has
already become an indispensable component of the Swiss national energy and
climate policy. Based on publiceprivate partnerships, a number of case studies
are being implemented to assess and demonstrate the feasibility of the concept.
This chapter chronicles the progress of this vision for society hitherto and
presents the essential requirements for potentially expanding the idea beyond
Swiss borders.

Section 2 presents the original vision that led to the concept of Swiss 2000-
Watt Society and what it entails, including the institutional support for the
implementation of the vision and the twin strategy of one tonne of carbon
dioxide (CO2) per capita. Section 3 describes the fundamentals of the 2000-
Watt Society including its technical feasibility. Section 4 highlights the results
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of a number of ongoing projects where the feasibility of the concept are being
empirically including a number of remaining hurdles and barriers to full
implementation of the concept. Section 5 presents an assessment of the
potential implications of adopting similar targets for Europe, North America, or
possibly in a broader context, followed by the chapter’s conclusions.

2. THE 2000-WATT VISION

This section describes the original vision that led to the concept of Swiss 2000-
Watt Society, provides the context behind this vision and the closely inter-
twined carbon reduction strategy, followed by a description of the current state
of progress and implementation.

2.1. The Vision

The Swiss 2000-Watt Society started as a simple vision that seeks to make the
current high living standards of Western countries universally available to
everyone and attempts to accomplish this feat in a sustainable fashion.

The first essential aspect of the 2000-Watt Society is that current high
standards of living in industrialized countries can be maintained, including the
provision of energy services needed to cover all basic human needs, amenities,
services, and goods while recognizing that this requires a paradigm shift to an
“intelligent lifestyle, otherwise the 2000-Watt Society will remain simply
a vision.”1

The other important feature of the vision is that the world’s finite resources
should be distributed in a fair and equitable fashion among the world’s
inhabitants. The implementation of this vision is predicated on the belief that
there are sufficient raw materials and resources for all if the energy utilization
efficiency in developed countries is improved by a factor of 3 to 4.

Another critical feature of the vision is to reduce our global reliance on
fossil fuels to the extent that the emission of greenhouse gases (GHGs) is
lowered to roughly 1 ton of CO2 per capita per annumdcompared to between 8
and 10 today2dconsistent with the recommendations of the Intergovernmental
Panel on Climate Change (IPCC). This requires an increased reliance on
renewable energy resources as well as using existing resources more
efficiently.3

1. See Novatlantis (editor): Smarter Living, 2005, p. 6.

2. This book’s Chapter 7 by Moran offers a discussion of current per capita emission levels and

how these must be reduced to meet climate stabilization targets.

3. It must be noted that many proponents of the Swiss 2000-Watt concept do not favor increased

reliance on nuclear energy as a means of managing GHG emissionsdbut this is not critical to the

main concept.
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The vision was originally conceived in 2004 by an interdisciplinary group
of scientists and researchers at ETH Zurich (ETHZ) who examined the pathway
toward a sustainable future and published their finding in a White Paper
(Jochem, 2004). The main result of their analysis was that prosperity and
economic development in Western countries could be sustained with roughly
one third of the energy resources currently consumed. Moreover, they
concluded that similar high standards of living could be provided globally and
sustainable use of resources is technically feasible. These ideas, which led to
a sustainable path for the twenty-first century, are the foundation of the Swiss
2000-Watt Society and have been adopted as a guiding component of Swiss
climate and energy policy.

It is envisioned that the 2000-Watt per capita target is reached in two phases
(Figure 1). In the first phase, roughly covering the period between now and the
year 2050, the current energy requirements of 6500 watts per capitadthe
present Swiss averagedare to be reduced to 3500 watts per capita. Simulta-
neously, annual per capita emissions of CO2 are cut by roughly one quarter,
from around 9 to 2 tons per person.

During the second phase, extending to 2150, per capita energy consumption
is further reduced to 2000 watts of equivalent capacity to cover all human
requirements while maintaining high standards of living. Incidentally, this
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happens to be what the Swiss population consumed in 1960s. Unlike then,
however, fossil fuel resources are projected to make up only one quarter of total
energy needs in the long term.

2.2. The Context

For 150 years, oil and other fossil fuel fuels have been the engine of the world’s
industrial development and their consumption has grown in tandem with
economic growth. Currently over 80% of the energy that fuels our economies,
especially in Western societies, is derived from fossil fuels.4 The spiraling
increases in growth and consumption have left many observers skeptical about
the long-term sustainability of the business-as-usual scenario.

The future will be a time of great change and challenges. The first challenge
may be the dwindling supplies of oil in accessible locations and at low cost.
According to Fatih Birol, chief economist at the International Energy Agency
(IEA),5 we will have reached “peak oil” within a decade. Ironically, while the
first half of the era of easy oil approaches its end, the number of people
worldwide who wish to share in these dwindling resources is growing. There is
apprehension about rising oil prices, growing global inequality, and increasing
tension and conflict for control over dwindling natural resources.

The second challenge is that our over-reliance on fossil fuels is resulting in
climate change as combustion of fuels is warming the Earth’s atmosphere. In
the last 125 years, GHG emissions and the amount of CO2 in the atmosphere
have risen by over 35%, according to a 2001 IPCC report. The Energy Infor-
mation Administration projects a further 43% rise by 2035 under its reference
case scenario. Man-made climate change is considered scientifically proven
today.6 The 11 warmest years ever recorded occurred between 1995 and 2006.
The foreseeable consequencesdnatural disasters, floods, and food crisesdwill
manifestly change the foundations of existence on our planet.

The third challenge is the growing inequalities between the have and the
have nots. Our economic and social development has resulted in large
disparities in energy use and GHG emissions among the nations. As depicted in
Figure 2, in the United States the equivalent of 12,000 watts of energy are
currently supplied per capita to sustain a high standard of living. The corre-
sponding figure for Western Europe is 6000 to 8000 watts. In contrast, many

4. The Energy Information Administration, in its 2010 International Energy Outlook released in

June 2010, indicates that currently 86% of global energy consumption is derived from fossil fuels.

This percentage is projected to decline slightly to 80% by 2035 under the reference case, which

assumes a continuation of business-as-usual practices and policies.

5. The Independent, 3 August 2009.

6. Lecture by ETH Professor Andreas Fischlin, coordinating and leading IPCC author, given in

Zurich on August 28, 2009.
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developing countries in Asia and Africa currently consume only several
hundred watts per person, if that.

To address these challengesdand do it in a sustainable waydone needs to
ask how much energy, on average, is available to meet the world’s energy
requirements and how much energy, on a per capita basis, is required to enjoy
a lifestyle consistent with today’s Western standards?7

ETH researchers, who originally posed these questions, estimate that
17,500-kilowatt hours (kWh) per capita per annum, which amounts to
a continuous output of 2000 watts of installed capacity, is available for each
global inhabitant if the global energy resources are evenly distributed. More-
over, they determined that there are sufficient amount of natural resources
available worldwide to satisfy human needs if these resources are used in
smarter ways, that is, more efficiently, sustainably, and equitably.8

Traditionally, fossil fuels have been used in great quantities and very
inefficiently. In addition, in the everyday life of highly developed societies, the
proportion of energy that is needlessly wasted, is inefficiently used, or
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7. This book’s Chapter 1 by Sioshansi also examines these issues.

8. The 2000 watts refer to the total energy consumed per person averaged over a year. The term

watt for energy consumption may sound confusing but is in fact easy to understand. In physics the

watt unit does indeed represent rated power. But energy consumption involves rated power as well.

As a point of reference, 2000 watts is equivalent to energy consumption of 2000 joules per second,

172,800 kilojoules per day, or 48 kWh per day.
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improperly utilized is simply staggering. Inhabitants of old buildings from the
post-war period, for example, consume ten times more energy to heat their
homes than a modern energy-saving house of equal size would use today. A
typical incandescent light bulb draws at least three times the amount of elec-
tricity to produce the same amount of lumens as an average energy-saving
compact fluorescent lamp. The energy efficiency of a typical internal
combustion car engine using gasoline is less than 20%, just to mention a few
examples of wasteful energy use.

Moreover, roughly two-thirds of the energy content of primarily fuels, such
as crude oil, natural gas, or coal, is typically lost during the conversion process,
say from primary fuel into electricity. More energy is wasted in converting
electricity into final useful energy, or energy services, such as heat, lighting, or
cooling. The ETH White Book for R&D on energy-efficient technologies
describes the immense potential of dormant energy efficiency (Jochem, 2004).

The scientifically based conclusion of the study was that if the best available
technologies were implemented in all consumer and economic sectors
including mobility, building construction, industry, and energy extraction,
energy utilization efficiency could be increased by a factor of five. Drawing
from these findings, the 2000-Watt Society proposes to reduce primary energy
demand by two thirds without jeopardizing citizens’ prosperity, quality of life,
or pace of economic development. But the realization of this vision requires
more than mere technological fixes but also requires changes in our socio-
economic systems as well as behavioral and lifestyle adjustments, topics
repeated in other chapters of the book.

2.3. 2000-Watt Society and CO2 Strategy

The vision formulated by ETH scientists for a 2000-Watt Society places energy
efficiency at the center of the debate while striving to meet energy service needs
and reduce GHG emissions at the same time. These intertwined objectives were
initially presented to the public by the Energy Science Center (ESC) at ETHZ
in February 2008.

Initially, much of the debate centered on how to reconcile between the two
specified targetsd2000 watts and the one tonne of CO2 per persondon what
basis they were calculated, and the consequences they would have for energy
policy. Subsequently, a consensus has emerged that the two targets are
complimentary in the sense that achieving one would contribute to the other.
Moreover, it is broadly recognized that to achieve these targets requires
adjustments in consumer behavior to reduce energy consumption and CO2

emissions simultaneously.
Specifically, the goal to limit individual GHG emissions to one tonne per

annum requires the application and implementation of a wide range of tech-
nologies and solutions supported by research and development (R&D) and
scientific developments at ETH and elsewhere. The argument for a target of one
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tonne CO2 is that it is absolutely paramount to diminish the climate effects of
anthropogenic emissions and to massively reduce the use of fossil fuels to
sustain high standards of living. ESC research outlines a dynamic road map
toward a sustainable energy system in Switzerland to 2050 and beyond
(Figure 1). This allows for scientifically based results to be integrated into
public policy. Finally, the broad aims of the 2000-Watt Society are aligned with
global efforts to address the climate challenge. The vision is to move toward
a sustainable and equitable energy future where all human inhabitants benefit
equally from the Earth’s finite resources.

To further develop, promote, and implement this vision, the two ETH
universities in Zurich and Lausanne and four affiliated Swiss research institutes
established Novatlantis.9 The aim is for knowledge and expertise from these
research institutions to be used to achieve sustainable development. Another
objective is to develop and apply technologies to conserve resources in
collaboration with other partners in science and in the business community with
supportive government policies.

2.4. A Success Story in the Making?

The success of the 2000-Watt Society, originally conceived as a mere idea can
be measured by how quickly it has moved into the mainstream of the policy
debate in Switzerland. The vision has since become an essential element of
Swiss official energy and climate policy. The national energy authority, the
Swiss Federal Office of Energy (SFOE), is engaged, for example, in estab-
lishing a special unit to implement the 2000-Watt Society.

Simultaneously, the Swiss Federal Institute of Technology continues to
pursue the vision of the 2000-Watt Society as a platform for research and
development. Moreover, the Novatlantis initiative, whose offices are adjacent
to the ETH Competence Center for Energy and Mobility, has been placed in
charge for developing a network for sustainability research that covers many
aspects of everyday life across many sectors of the Swiss economy.

Most important, so far, Switzerland’s two main cities of Basel and Zurich
have embraced the 2000-Watt concept, while a number of other cities and
cantons in the Swiss federal system are considering adopting similar initiatives.
November 2008 may be regarded as a key milestone when the citizens of city of
Zurich voted in favor of officially adopting the 2000-Watt vision in a public
referendum, which is currently reflected in the city’s municipal constitution.10

Meanwhile, in Geneva, a coalition representing the business community,
scientific organizations, and NGOs are in the process of lending broader
political support to the aims of the 2000-Watt Society.

9. For further details about the mission of Novatlantis visit www.novatlantis.ch.

10. www.stadt-zuerich.ch/content/gud/de/index/das_departement/strategie_und_politik/2000_

watt_gesellschaft.html.
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3. THE WHITE BOOK

This section provides the context that led to the so-called White Book on
sustainable energy use and an overview of the main areas of research with
promising potential for sustainable future development.

3.1. Energy Consumption in Perspective

Energy consumption and its associated environmental side-effects pervade all
aspects of our personal and public life to the point where we have become
oblivious to it.11 The normal state of affairs in today’s developed countries is
that energy is consumed everywhere at all times. Ten searches on the Internet,
for example, require one-kilowatt hour (kWh) of electricity. A similar amount
is required for a 30-watt energy saving lamp to burn uninterrupted for 36 hours.
About 30 kWh of energy are used in the average homedfor heating, hot water,
and electrical appliancesdevery day. Drive 60 miles in a car and you consume
the equivalent of 70 kWh.

In Switzerland, which is typical of other Western European countries, the
two biggest components of energy consumption are buildings and trans-
portation. Roughly 40%e50% of current energy use goes to provide energy
services in buildings, with mobility consuming roughly 30%. The balance is
used in the commercial and industrial sectors for the production of goods and
delivery of services.

As numerous other studies have demonstrated and several chapters in the
present volume point out, a number of options exist for reducing energy
consumption and increasing efficiency within all sectors of the economy. What
explains our failure to capture these cost-effective energy efficiency options are
outlined in a few chapters in this book and will not be duplicated. Moreover, the
over-consumption of natural resources is not merely limited to energy but
extends to water, land use, and other mineral resources which are extracted at
increasing rates from a limited pool and used excessively. Extraction, pro-
cessing and consumption of most materials generate significant emissions
during their life cycle and end up as trash if they are not recycled.

To achieve sustainability and avert climate change, it is imperative to use
energy and other natural resources more intelligently, which requires a signif-
icant increase in energy utilization efficiencydin everyday life as well as in
industrial processes and in the provision of public infrastructure. This suggests
that the achievement of the 2000-Watt target must cover all aspects of energy
needs in all economic sectorsdin particular in the building sector, for provision
of mobility, food, and communication services. Research summarized in the

11. This book’s Chapter 1 by Sioshansi makes similar arguments, pointing out that the illusion of

seemingly plentiful and historically cheap energy has resulted in over consumption and wasteful

habits.
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White Book of the 2000-Watt Society provides evidence of the untapped
potential for efficiency and concludes that between 50% and 90% of today’s
energy consumption can be saved.12

3.2 Energy Efficiency Potential

The White Book of the 2000-Watt Society concludes that by using existing
technology in Switzerland, it is possible to produce around 65% more energy
servicesdsuch as heating and lighting in buildings, mobility, information and
communication technologies, and so ondwith a third of the energy currently
consumed. There are reasons to believe that similar savings are available in
other industrial countries.

Assuming optimized application of best available technologies across all
consumption sectors can lead to an increase in energy efficiency by a factor of
five, according to the White Book (Jochem, 2004). Some of the areas with the
greatest potential for energy efficiency include the following:

l When managing building stock, up to 80% of resources can be saved. Key
technologies include better insulation and windows; decentralized
combined heating, cooling, and power systems; efficient low-temperature
heating systems; integrated solar thermal energy and photovoltaics (PV);
plus the use of near-surface geothermal energy.

l In the road transportation sector, energy efficiency can be increased by up to
50%. Private cars, for example, could halve their primary energy consump-
tion per kilometer driven by substituting more energy-frugal engines and
lighter vehicles. Significant improvements are also possible in air transport,
railroads, shipping, and logistics. Ideas that influence the modal split among
and between different transportation options in favor of the more efficient
are equally important for reducing energy requirements.

l Considerable savings can also be made in industrial production processes.
Despite their great variety, more intelligent processes and technical innova-
tions may result in 30%e40% reduction in energy needs such as in heat
production or chemical conversion processes.13 There is major potential
in the production of plastics, for example, if crude oil is replaced as the
base material by biopolymers, which are produced synthetically from
renewable raw materials.

l Material efficiency also involves great potential in reducing resource needs.
Options include improved product design, recycling and the reuse of water
and other materials, substitution of energy-intensive materials by low-
energy equivalents, and structural change in usage strategies by means of
sharing concepts or cascading use.

12. See also www.novatlantis.ch and www.2000watt.ch.

13. This book’s Chapter 12 by Brown et al. covers industrial energy efficiency potentials.
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l Increased reliance on information technology (IT) and electronics are key
technologies, which can facilitate the adoption of more energy efficient
options across many applications.

Innovative technologies are available in all areas or are currently being
developed. However, the extent to which technically feasible efficiency
increases can be implemented depends not only on the widespread use of these
technologies but also on the investment and renewal cycles of many decision-
makers. Technology on its own is not enough,14 which is why it is crucial to
optimize both individual product components as well as systematically analyze
value added chains including product usage and waste disposal. Rebound
effects of more efficient technology should also be considered in the analysis.

But technological fixes alone are not sufficient. They must be supported by
policy, regulatory and fiscal instruments to be effectively applied, hence the
need for appropriate incentives. In addition, consumer behavior and lifestyles
play an important role as they ultimately determine how much energy is used
for delivery of various energy services.

TheWhite Book (Jochem, 2004) also examines the potential obstacles to the
realization of the 2000-Watt vision by recognizing that any sustainable future
energy pathway must consider two key factors:

l The range of potential technologies likely to be available.
l The investment strategies of various businesses, industries, or individuals in

adopting the emerging technologies.

Within the building sector, for example, construction business has a long
investment cycle but requires a fairly short payback period when considering
new energy-saving technologies. Similarly, in private households, frequently
economically justified efficiency strategies are not implemented due to non-
economic factors such as lack of credible information on potential cost savings.
Social and cultural aspirations play a major role in determining consumer
behavior. A significant ratio of per capita consumption in affluent societies may
be based on the desire to satisfy nonmaterial needs such as defining one’s
identity or status in the social context.15

Small- and medium-sized businesses often calculate their investments on
the basis of amortization periods. Since energy costs usually make up a small
fraction of their overall business expenditures, they often lack sufficient interest
to pursue energy-efficient solutions or lack the necessary expertise. This applies
especially to companies that are managed according to “lean management”
principles and have to rely on technical expertise from external consultants.

14. This book’s Chapter 11 by Prindle and Finlinson makes similar observations, including the

importance of the human factor, operators, and consumer behavior.

15. This book’s Chapter by 3 Bartiaux et al. describes the social and cultural aspects that define

energy “needs.”
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Similarly, public institutions only rarely calculate their investments based
on the entire life cycle of a product, system, or design. Instead, the provider
with the least-cost up-front proposal usually gets the contract. Furthermore,
a major proportion of municipal income comes from taxes or fees on volu-
metric consumption of electricity, gas, or water, reducing the motivation to
lower consumption.

3.3. Key End-Use Technologies

The 2000-Watt vision places considerable attention on the provision of energy
services to meet personal energy needs. It is recognized that the behavior of
individuals is not only a sustainability indicator but that end users have
considerable leverage in determining the widespread adoption of key energy-
efficient technologies. Energy use in buildings and for mobility are among the
most relevant areas with significant impact toward sustainable use of resources.
Moreover, conservation of resources is only possible if fossil fuels are replaced
by renewable energy sources.

The following provides a synopsis of the current progress on R&D in key
areas with large potential impact on energy use, namely in buildings, for
provision of mobility, and in energy supply.

3.3.1. Construction and Building Sector

The building sector can play a leading role toward sustainable use of resources.
Consequently, living and working in a way that conserves resources and has
a low carbon footprint must take center stage when planning for a sustainable
future recognizing that roughly 80% of energy utilization within buildings is
design-driven with only 20% attributable to occupant behavior. There are two
promising developments in this sector:

l First, interest in low energy building standards has already been aroused
with green buildings assuming a major role in the real estate market. One
in every five new buildings in Switzerland is constructed with the Miner-
gie16 construction standard, meaning two-thirds lower heating require-
ments. Buildings certified to BREEAM in Britain and LEED standard in
the U.S. have also gained in popularity in recent years.17

l Second, innovative technologies and processes for energy-efficient build-
ings with improved heat insulation and decentralized use of renewable
energy sources have been successfully tested in many places. This means
that the energy efficient building of the future is literally available today.

16. See also www.minergie.ch.

17. This book’s Chapter 9 by Gray and Zarnikau and Chapter 17 by Rajkovich et al. discuss similar

developments in the U.S.
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Numerous apartments, schools, and administrative buildings, which achieve
the passive house or Minergie-P standard, representing 2 liters of heating oil
equivalents per square meter of space, are no longer rarities. By comparison,
the average Swiss house currently uses at least five times more.

Based on these promising developments, 2000-Watt compatible construction is
planned in Switzerland based on the SIA Energy Efficiency Path standard.18

This standard takes account of energy used in constructing the building,
recognizing that construction materials embody energy resources and
accounting for the fact that the choice of the building’s location typically
generates additional traffic, requiring a holistic approach to design. There is
also growing interest in the concept of the energy self-sufficient house of the
future.19

Given the relative size of existing real estate with its long life span, it is
paramount that in addition to innovative planning concepts for new construc-
tion, major efforts must be direct toward energy-related renovation of existing
buildings. The need for redevelopment is seen as significant while the will-
ingness to act is limited.20 There are at least two promising approaches to
address this issue:

l First, further technical innovations are needed including in areas such as
streamlining of retrofitting activities and the development of prefabricated
renovation modules including cladding and roofing.

l Second, there is a need for policy schemes and financial incentives to
encourage retrofitting and renovation of older buildings including improve-
ments in socio-economic factors and provision of transparent market infor-
mation, so the renewal rate can be improved.

3.3.2. Mobility

Recent progress in the development of more energy-efficient car pro-
pulsion systems has resulted in more efficient engines but these efforts have
not translated into less fuel use in the transportation sectordwhich is
a major consumer of fossil fuels and a key contributor to GHG emissions.

The average fuel consumption of a new car is still too highdaveraging 7.4
liters of gasoline per 100 km in Switzerland in 2008dwhich means an emission
of around 175 grams of CO2 per km. The corresponding figures are much
higher in many other countries. According to the U.S. Environmental Protec-
tion Agency (EPA), new cars sold in the U.S. in 2009 used more gasoline on

18. See also www.sia.ch.

19. In this book’s Chapter 9, Gray and Zarnikau also discuss the concept of zero net energy homes

of the future.

20. This book’s Chapter 14 by Weber and Bauermann addresses similar issues in the German

building sector context.
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average than models sold in 1987. The main reason for this is the continuous
increase in vehicle weight. One solution to correct this trend is to promote
lightweight construction combined with minimum energy efficiency standards.

Beyond making individual vehicles lighter and more efficientd
commendable strategiesdone must consider more sustainable mobility
including providing a range of appropriate transportation options suitable for
different distances and needs. For short distances, for example, nonmotorized
transportation is especially appropriate; medium distances should be covered
by public transport if possible. Meanwhile long journeys, including intercon-
tinental flights, may be limited to fossil fuel propelled aircraft. In the short term,
the aim is to significantly lower CO2 emissions for cars.

In urban and commuter transportation sectors, the proportion of electrically
propelled cars is likely to increase. Light-duty vehicles with efficient pro-
pulsion are in demand in all sectors. Low-carbon fuels such as natural gas or
biogas may make an additional contribution in reducing GHGs for mid-sized,
commercial, and utility vehicles. The development of low-emission vehicles
propelled by hydrogen and fuel cells is also underway.

However, it is not only important to develop efficient vehicles but also to
focus on driving behavior. For example, it is possible to lower vehicle fuel use
by up to 30% by adopting a fuel-saving driving style. Research specialists and
practitioners are collaborating to implement superior mobility models. A good
example is the Experimental Space Mobility, a pilot project in Basel through
which cab drivers and the City Transport are offered the opportunity to test
biogas vehicles.

3.3.3. Energy Supply

Renewable resources, including solar, geothermal, hydro, wind, and biomass,
offer opportunities toward meeting the 2000-Watt target and are intended to
substitute for fossil fuels.

Electricity consumption is likely to grow in the short- to medium-term due
to increased electrification, a trend foreseen in the 2000-Watt pathway. Reasons
for this are that in the building sector, fossil fuel heating systems are increas-
ingly replaced by more efficient electricity-powered heat pumps. There will
also be increasing sales of electricity-powered, climate-friendlier cars. Elec-
trification, especially if generated from renewable resources, offers excellent
opportunities to reduce GHG emissions.

A number of industrial countries with limited domestic energy resources are
looking at renewable energy technologies to reduce their dependence on energy
imports while reducing their GHG emissions. The European Union (EU), for
example, has set a goal to increase the proportion of renewable energy to 20%
by 2020. Governments in the EU, as well as in Switzerland, pay subsidies to
develop the nascent solar and wind industries. Such strategies have multiple
benefits including the development of low-carbon domestic energy supplies,
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reducing fossil fuel imports, reducing GHG emissions, and creating a more
decentralized energy supply system.

The R&D need for improved effectiveness of these energy conversion and
storage technologies cannot be underestimated at present. The spectrum of
technologies yet to be developed includes fuel cells, thin film PV cells,
development of smart grids, and direct current transmission, among others.

4. CURRENT PROGRESS

This section provides a synopsis of current efforts underway in several regions
of Switzerland to demonstrate the feasibility of achieving the 2000-Watt vision
and offers a status of progress to date.

Novatlantis, the ETH sustainability program, is in the process of putting
together a network in Switzerland to implement the concept of 2000-Watt
Society. As part of a public-private partnership, Switzerland’s three largest
cities of Basel, Zurich, and Geneva are involved in shortening the route from
the laboratory to practical applications for highly efficient technologies and
sustainable lifestyles. Public authorities, investors, businesses, the industry, and
the scientific and design communities are also collaborating to demonstrate
how low emission mobility, construction practices that conserve resources, and
low-carbon sustainable urban development may look.

4.1. Basel Region

The city of Basel has been involved as a pilot study area since 2001. More
recently, the local authorities have adopted the 2000-Watt vision and are
currently striving to reduce energy consumption to one-third of the Swiss
average while increasing the proportion of renewable energy to meet local
energy needs. Basel’s city parliament has formally endorsed these targets on
two separate occasions.21

The first tangible step in accomplishing the city’s vision is the implementation
of a number of pilot and demonstration projects with public funding including
a competition for renovation of office and residential buildings in compliancewith
the Minergie-P standard, where innovative proposals are sought.

At the same time, a number of experiments are underway to provide low-
energy, low-carbon mobility in which efficient and low-emission vehicles are
tested, including environmentally friendly fuels and drive technologies such as
natural gas or biogas and hydrogen. Since 2009, the world’s first street sweeper
powered by a hydrogen fuel cell has been tested. Initial results indicate that the
energy use of conventional diesel vehicles can be reduced by two-thirds.
Further advantages of hydrogen-powered, fuel-cell vehicles are that there are
no local noxious emissions, plus superior efficiency. The project also includes

21. See also www.2000-watt.bs.ch.
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endurance testing of near zero emission vehicle (NZEV) catalytic converters
for natural gas engines in collaboration with the local public transport agency
and private taxi operators.

4.2. Zurich Region

In a public referendum conducted in November 2008, citizens of Zurich
overwhelmingly approved the objectives of the 2000-Watt concept, which has
been incorporated into the city’s constitution. Over 75% of the citizens voted in
favor of an ordinance to reduce per capita energy consumption by a factor of 3
and cut CO2 emissions by a factor of 4e6 by 2050. While these targets are not
identical to the 2000-Watt pathway, the city is nevertheless committed and has
already embarked on a number of measures to implement the plan.

Among the specific steps taken thus far is the adoption of the Minergie
standard as the minimum requirement both for renovations as well as new
construction within the city boundaries. The city has also held design
competitions in collaboration with real estate developers where the more
ambitious Minergie-P-Eco standard is considered.

The scheduled expansion of the Triemli Hospital and the construction of
a retirement facility are among the first projects in Switzerland that meet the
2000-Watt sustainability specifications. These buildings incorporate state-of-
the-art energy-efficiency design with minimum energy input.22 The buildings’
remaining requirements for heating, cooling, and electricity are primarily
covered from renewable energy resources including biomass, geothermal, and
solar energy. The hospital’s CO2 emissions following the renovation are
expected to be reduced from 6000 to around 800 tonnes per annum.

Zurich is also determined to convert its electricity supply to be climate-
friendly and sustainable without resorting to new nuclear power stations. The
city is expanding its reliance on renewable resources with the ultimate goal of
supplying virtually all the city’s electricity requirements from such resources
within 60 years. Hydroelectric power will provide the predominant share, well
over 30%, with PV supplying 10%, supplemented by biomass, wind, and deep
level geothermal power. Currently, Zurich’s administrative buildings are
exclusively supplied with accredited eco-electricity.

4.3. Geneva Region

Like its sister cities, Geneva has also embraced the 2000-Watt vision partly
because the local anti-nuclear lobby recognizes that this will obviate the need to
build more nuclear power plants.

22. This book’s Chapter 14 by Weber and Bauermann also describes buildings with minimal

heating requirements.
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The 2000-Watt pathway, however, is expected to increase electricity
demand in the short- and medium-term due to increased electrification. This
has prompted an electricity savings campaign targeting private households and
property owners to reduce electricity consumption when feasible. The build-
ings at the UN headquarters in Geneva, for example, are cooled by water from
Lake Geneva instead of relying on chillers.

To broaden support for the acceptance and implementation of the 2000-Watt
concept in the Geneva region, a nonprofit and politically neutral association,
Genève à 2000 Watts, has been founded providing a platform for exchanging
ideas among the major players: the scientific and research community, city
authorities, politicians, and professional and business associations.23 The
organization is proceeding to promote the 2000-Watt vision in a fashion
analogous to Basel and Zurich.

4.4. National Vision for Switzerland and Beyond

The aims of the 2000-Watt Society are already recognized at a high political
level in Switzerland. The state energy authority, the Swiss Federal Office of
Energy (SFOE), is currently expanding its range of duties via a 2000-Watt
Society Task Force. Additionally, SFOE is preparing an accreditation process
geared to the objectives of 2000-Watt Society for cities and municipalities
similar to the European Energy Award.

To adapt Swiss domestic energy supplies to the 2000-Watt goals by the mid-
level 2050 goal, the energy research commission, which advises the Swiss
government on energy and climate policy, has currently adopted the following
core objectives:24

l Elimination of fossil fuels for provision of heating in buildings
l Reduction of energy consumption in buildings by half
l Increasing the use of biomass for energy supplies up to its net ecological

production potential
l Reducing the average car fleet use of fossil fuels to 3 liters per 100 km

It must be noted that interest in the 2000-Watt vision has spread beyond Swiss
borders. Consequently, Novatlantis has taken steps toward implementation of
strategies for sustainable international development by engaging in collaborative
efforts in other European countries, the Americas, and elsewhere. Among its
notable initiatives to date is the establishment of the International Sustainable

23. The founding members, besides Novatlantis, include EIG (Engineers’ School of Geneva), the

Energy Center of ETH Lausanne, the University of Geneva, SIG (Industrial Services of Geneva),

TPG (Public Transport of Geneva), WWF Geneva, FEDRE (European Foundation for the

Sustainable Development of Regions), CGI Property (real estate agency), and OPI/CCSO (Service

of Industrial Promotion).

24. www.bfe.admin.ch/themen/00519/00520/index.html?lang¼de&dossier_id¼01495.
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Campus Network (ISCN), where 120 leading universities worldwide are
involved. By organizing symposia and developing collaborative networks,
Novatlantis is spreading its know-how while stimulating the exchange of ideas
among researchers and making sustainability a study and research subject.
Flagship projects include the Harvard Green Campus Initiative, the sustainability
campaign at Stanford University, and the Science City-Campus at ETH in
Zurich.

In the case of ETHZ campus, the 2000-Watt path serves as a guide for
designing new buildings with the energy-efficient Minergie standard as well as
reliance on climate-friendly energy resources. A dynamic underground tank
system is intended to help reduce CO2 emissions at the ETHZ campus by at
least 50% by 2020. Geothermal heat exchangers supply the low-rated energy,
which is converted with highly efficiency heat pumps and chillers into energy
for heating or cooling.

5. BEYOND SWITZERLAND?

The underlying fundamentals of the 2000-Watt vision, namely concerns about
a more equitable distribution of finite resources in a sustainable manner while
averting climate change, are universal. Viewed in this context, the vision behind
the 2000-Watt Societydor something akin to it with appropriate mod-
ificationsdcould be applied to other countries and regions. This section
examines the potential ramifications of adopting goals and targets consistent
with those envisioned by the 2000-Watt vision for other regions of the world.

5.1. Adopting the 2000-Watt Vision in Europe

Adopting the 2000-Watt principles within Europe is sensible given the simi-
larities in political, cultural, and socio-economic status of development
within Europe, certainly Western Europe. The EU countries to the north of
Switzerland are particularly similar with regard to their current socio-economic
status, high living standards, and the availability of energy-efficient products
and services. When applying the 2000-Watt concept in Southern Europe, the
warmer climate must be taken into consideration, especially in the Mediter-
ranean region. Likewise, countries in Eastern Europe have rather different
political structures and living standards.

A number of existing EU guidelines, including the 20% renewable target by
2020 and the proposal that requires new buildings to meet the Net Zero Energy
House standard by 201925 are moving in the right direction, but must be further
strengthened. Similarly, significant improvements in the energy efficiency of
the transport sector are necessary to approach the 2000-Watt target.

25. According to the decision by the European Parliament in May 2010, amending the 2002

Energy Performance of Buildings Directive.
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5.2. Adopting the 2000-Watt Concept in North America

According to recent figures, the total primary energy usage in the United States
is equivalent to 12,000 watts per person,26 double that of the average European
usage. Moreover, the U.S. annual per capita emissions of GHGs are currently
around 19 tons, also well above the European levels.27 To be consistent with the
2000-Watt guidelines, these figures must be reduced to 2 tons per capita per
annum by 2050 and 1 by 215028 requiring a Herculean effort, and can only be
achieved by virtually abandoning the use of fossil fuels.

Special attention must be paid to the transport sector. While the centers of
some U.S. and Canadian cities are densely packed and have public trans-
portation, widespread suburban sprawl characterized by low density and long
commuting distances offer difficult challenges for North America. To approach
the 2000-Watt goals, a drastic switch from personal to public transportation
within urban areas and between areas of high density must be implemented.
Due to the regional structure and long distances, however, reducing motorized
personal transportation will not be enough, which suggests switching to
alternative types of propulsion and exclusive use of alternative energy sources.

In the build environment, there have been a number of individual initiatives
including the pioneering efforts of people like Amory Lovins and his Rocky
Mountain Institute or Harold Orr in Saskatchewan, Canada. More recent efforts
include the U.S. Green Building Council, with its Leadership in Energy and
Environmental Design, or LEED, certification program, which are incremen-
tally moving in the right direction though fall short of meeting the 2000-Watt
requirements.

Currently, there are efforts in the U.S. and Canada in adopting European
building standards including the German Passive House and the Swiss Minergie
standard that meet the 2000-Watt target. For example, das BioHaus, the first
passive house certified building, was built in Bemidji, Minnesota at Concordia
Language Villages.29 This building, which is operating at 85%e90% below
contemporary standard for school buildings, demonstrates that even under
severe climatic conditions the 2000-Watt target can be met. A small-integrated
PV system, yet to be added, would make das BioHaus a virtually zero net
energy (ZNE) building.30 If a building meeting the 2000-Watt standard can be
built in the challenging climate of northern Minnesota within a reasonable cost
today, then the concept should be possible in most other states as well.

26. Stadt Zürich: Ein Kurswechsel mit Zukunft, 2007, p. 1.

27. See Internet 00416: http://mdgs.un.org/unsd/mdg/SeriesDetail.aspx?srid¼751&crid¼
28. See Bébié, B., Gugerli, H., et al.: Grundlagen für ein Umsetzungskonzept, 2009, p. 10.

29. First certified Passive House Standard building in North America: das Waldsee Biohaus http://

waldseebiohaus.typepad.com/

30. This book’s Chapter 9 by Gray and Zarnikau and Chapter 17 by Rajkovich et al. describe the

challenges to meet ZNE building standards.
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5.3. Adopting the 2000-Watt Concept in Emerging
and Developing Countries

The challenges facing many emerging and developing countries are similar to
those of some Eastern European countries, which have less-developed infra-
structures and economies. Moreover, for these countries, economic develop-
ment and raising standards of living are pressing goals while environmental
concerns and climate change are considered as luxuries. In this context, it is
much more difficult to discuss sustainability or the 2000-Watt concept.

The most important point applicable to the developing countries is that they
need not undergo the same development path pursued by the industrialized
countries. Instead, they should strive to find a shortcut that allows them to attain
higher living standards comparable to those of industrialized countries while
avoiding the environmental side-effects associated with rapid development.
These countries should seek sustainable development while avoiding high
levels of energy consumption resulting from increased motorization and
wasteful lifestyles based on frivolous consumption with its external costs and
environmental degradation.

CONCLUSIONS

The 2000-Watt vision is focused on reducing primary energy demand in
European countries by roughly two-thirds and on reducing CO2 emissions by
no less than 90% in the industrialized countries where the use of energy is
disproportionately high.

Primary energy use and annual CO2 emissions per person are the two key
parameters under consideration. Achieving these objectives requires more
rational use of energy as well as decarbonization, that is, less reliance on fossil
fuels. The ambitious goals set by the 2000-Watt concept requires innovative
solutions with cooperation and collaboration among the policymakers, busi-
nesses, the scientific and research community, and members of the society.

Since its inception, the 2000-Watt concept has started to take root in
Switzerland, yet its objectives are universally appealing and can be adopted and
modified elsewhere. To address longer-term global sustainability, to reach
a more equitable distribution of finite resources, and to address the challenge of
climate change requires coordinated action on a global level.

Based on the Swiss experience to date, state-of-the-art technology is
essential but will not be sufficient to achieve the energy and climate goals of the
2000-Watt Society. Long-term success will require continuous reevaluation of
our needs31 and will necessitate raising public awareness and creating a sense
of responsibility.

31. Gugerli, Dr. H., Referat “Erfolgreiche Umbau-Strategien”, 2009.
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Climate change is often invisible with its potential consequences removed
both in terms of space and time.32 Hence it is difficult for individuals to change
their behavior and lifestylesdboth considered necessary. Our socio-economic
system may ultimately have to be altered based on a new economic paradigm,
which isn’t primarily based on continuous growth or increased consumption,
production, and waste.
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1. INTRODUCTION

A national effort is underway to achieve zero net energy (ZNE) in all new
buildings by the year 2030 (Hawthorne, 2003). While no national mandate
currently exists, federal legislation such as the Energy Policy Act of 2005
(EPAct 2005, Public Law No. 109-58) and the Energy Independence and
Security Act of 2007 (EISAct 2007, Public Law No. 110-140) have authorized
national initiatives that will develop and disseminate technologies, practices,
and policies to move the U.S. market toward ZNE buildings.2 One definition of
ZNE is a building or community with “greatly reduced needs for energy
through efficiency gainsd60 to 70 percent less than conventional

1. The views and opinions expressed in this chapter are wholly those of the authors and do not

necessarily reflect the official policy or position of the University of Michigan, Sentech, Inc., the U.S.

Department of Energy, or Pacific Gas and Electric Company. William C. Miller, PhD is currently

employed by Sentech, Inc. and provides support to the United States Department of Energy.

2. Proposed federal legislation might strengthen this mandate. For example S.3464 introduced by

Senator Lugar (R-IN) would set national energy building standards in such a way that after the

2017 building code revisions, the Secretary of Energy would set subsequent revisions “.on a path

to achieving net-zero-energy buildings.” See Section 201 of the bill text available at http://thomas.

loc.gov/.

Energy, Sustainability and the Environment.
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practicedwith the balance of energy needs supplied by renewable technolo-
gies” (DOE, 2008, p. 1e8). In a parallel effort, several state public utility
commissions including those in California, Oregon, and Washington and
energy offices such as the New York State Energy Research and Development
Authority (NYSERDA) have initiated efforts to put the building sector on
a path to ZNE. California continues to pursue ZNE as a key initiative to
reducing overall electricity usage and greenhouse gas (GHG) emission.3 The
European Commission has also been discussing similar initiatives.

As described in this book’s Chapter 9 by Gray and Zarnikau, advancing to
ZNE will require significant changes in how we design, commission, and
operate future buildings. As we consider how to transform the building sector,
we will rely on the expertise and experience of local, regional, and statewide
energy efficiency programs to assist in transforming the building sector. This
chapter describes one such effort by a utility energy efficiency program, the
Zero Net Energy Pilot Program developed by Pacific Gas and Electric Company
(PG&E) for Northern California. The move to ZNE by PG&E is discussed as
a reflection of the changing political environment and energy savings goals of
the state of California, PG&E’s utility regulators, and the utility itself.

To move to ZNE, it was important to address key gaps in existing energy
efficiency programs. While a number of stakeholders are working to advance
building technologies related to ZNE, the role for the California investor owned
utilities (IOUs) was to demonstrate advanced technologies and encourage the
market to transform as quickly as possible. Using the PG&E energy efficiency
programs as a platform, it was envisioned that the movement toward ZNE
would require important program changes. These include being involved very
early in the schematic design phase of projects, accelerating the pace of
technological development, supporting effective demonstration projects, and
widespread education program development. These efforts were implemented
to inform decision-making around energy savings related to location, infra-
structure choices such as land use and transportation planning, and community-
scale choices such as street orientation to optimize solar.

With the California Public Utilities Commission (CPUC) and the California
IOUs now focusing on ZNE goals, it has become apparent that the models used
for evaluating the energy savings and cost-effectiveness of energy efficiency
programs are insufficiently comprehensive, resulting in an emphasis on short-
term, often hardware-based savings. This misalignment will likely limit the
success of long-term, strategic efforts in California, and if uncorrected, may be
translated to other states and jurisdictions interested in similar goals. This
chapter first explores a history of energy efficiency in California, outlines the

3. California biennially reanalyzes its energy system and revises its foundational energy policy.

Final Commission Report, December 2009, CEC -100-2009-003-CMF recommends ZNE as its

first policy recommendation. See page 227. That document also attributes almost 70% of the

electricity used in California to residential and commercial building. See page 52.
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process and ideas that led to the adoption of the state’s Long-Term Energy
Efficiency Strategic Plan, describes the development of PG&E’s ZNE Pilot
Program in response to that plan, and discusses how the conceptual frameworks
underlying energy efficiency programs must adopt a wider view if we are to
address the significant challenge posed by climate change.

2. A BRIEF HISTORICAL PERSPECTIVE ON ENERGY EFFICIENCY
IN CALIFORNIA

Energy efficiency programs at California’s IOUs, including PG&E, began over
30 years ago. While the California IOUs have offered energy efficiency
programs for a significant period of time, program and utility objectives,
funding levels, target energy savings, and customer segments of interest have
repeatedly changed. Table 1 highlights key decisions by the CPUC affecting
energy efficiency in California.4

The “decoupling,” or separation, of utility revenues and sales, an important
milestone in the regulated utility setting, occurred in the aftermath of the two
substantial increases in world petroleum prices during the 1970s.5 These price
increases highlighted the difficulties of balancing stable and low rates, multi-
year funding, and rate cycles with fuel procurement in unpredictable and
volatile world markets. California’s solution was to separate utilities fuel and
nonfuel cost recovery and to set up a system to encourage cost-efficient
operation of the utility itself. This highlighted those aspects of cost under the
control of the utility, such as operating and capital costs while allowing
uncontrollable costs, such as fuel costs, to be passed through, subject to
a prudence review. For the costs over which the utility has control, the utility
would be assured of the eventual recovery of the authorized amount of those
costs, and could increase earningsduntil the next general rate setting proc-
essdby conducting its business efficiently. Fuel costs were dealt with sepa-
rately and these costs were passed through to ratepayers.6

This ratemaking mechanism removed any actual or perceived financial
disincentive for the utility to participate in and promote energy efficiency. This
is because without decoupling, sales below expectations imply lower revenues
and profits. Since the objective of energy efficiency programs is to reduce sales
below otherwise anticipated levels, the decoupled system assured the utility
that it would receive authorized revenues regardless of the level of sales. If sales

4. As a point of reference, U.S. utilities currently spend approximately $3 billion on energy

efficiency per annum, of which roughly $1 billion is spent in the state of California, making it the

most aggressive in the country, by far.

5. This book’s Chapter 8 by Long et al. also covers this important regulatory milestone.

6. The American Council for an Energy Efficient Economy summarizes decoupling at www.aceee.

org/pubs/u061.htm, and with registration has reports on the topic. Many thorough expositions and

analyses are available from the Regulatory Assistance Project at www.raponline.org.
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TABLE 1 Key Dates and Decisions for California Investor Owned Utilities Energy Efficiency Programs

Issue: Proceeding or Decision/ Date:

Separation of authorized utility revenues from variations in electric and
natural gas sales in the late 1970’s and early 1980’s.

See the Electric Rate Adjustment Mechanism (ERAM) as detailed in
CPUC Decision 93887, December 30, 1981.

The “Collaborative” Report of 1990 to the CPUC, which began
a period of increased levels of funding, the treatment of efficiency as
a resource comparable to supply-side resources, and the development
of a comprehensive regulatory framework: cost-effectiveness screens,
program approval procedures, after-implementation savings
measurement requirements, and a utility risk/reward mechanism.

See CPUC Proceeding A.90-04-037. For a description of the
collaborative process as applied to utility rate cases, see English et al.,
1994.

A shift away from a resource perspective and toward “market
transformation” during California’s experiment with restructuring the
electrical system supply-side in the late 1990’s.

See CPUC Decision D.95-12-063, as modified by D.96-01-009 for
the proposed competitive framework for the electric services industry.

The resurrection of resource energy efficiency following California’s
“crisis” in 2000-2002, including the adoption of explicit savings goals,
increased program funding, the reintroduction of extensive
measurement, and the restoration of utilities risk/reward mechanisms.

See, for example, CPUC D.02-03-056 (Selection of 2002 Programs),
D.03-04-055 (Selection of 2003 Programs), D.03-12-060, and
D.04-02-059 (Selection of 2004-2005 Programs).

The development of a “strategic plan” aligned with California’s climate
change legislation, and the beginning of a synthesis of resource and
market transformation activities with achieving zero net buildings as
a central goal and organizing principal.

See www.californiaenergyefficiency.com for a detailed description
of the strategic plan process and a copy of the California Long-Term
Energy Efficiency Strategic Plan, adopted by the CPUC in September
of 2008.
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were actually higher or lower than forecastdrelative to the forecasts used in
predicting future costs in rate-setting proceedingsdleading to actual revenues
being higher or lower than forecast, the utility would return any excess or
recover any shortfall in future time periods. If energy efficiency itself caused
a revenue shortfall, the revenue discrepancy would be made up in future
periods. As a result of this mechanism, PG&E and the other California IOUs
became financially indifferent to the effect of energy efficiency on their sales.7

During the 1980s the need for new generation, and the associated increase
in fossil fuel consumption, led to an effort to stimulate expanded energy effi-
ciency. Ralph Cavanagh of the Natural Resources Defense Council was pivotal
in a multistakeholder, collaborative process from 1989 to 1992 that focused on
energy efficiency policy (CPUC Proceeding A.90-04-037, 1990).8 The
“Collaborative” recommended that the CPUC adopt a revitalized regulatory
framework treating energy efficiency as a resource, much like investments in
supply-side options. This framework included increased program activity and
funding, extensive measurement of energy efficiency savings and their
persistence, and a shareholder risk/reward mechanism that shared the benefits
of successful energy efficiency savings between ratepayers and the utility,
referred to as a “shared-savings” scheme. Over the next four years the CPUC
systematically implemented this program, first with a trial program, then with
measurement approaches and interim risk/reward mechanisms, and finally with
an adopted framework that incorporated comprehensive “resource” planning.
This final program structure includes measurable savings programs, rigorous
after-the-fact measurement of energy savings, and a shared-savings risk/reward
mechanism to ensure utility management focus on program success (for
example, see Vine et al., 2006).9

Critical details of this regulatory framework were the cost-effectiveness test
the CPUC selected, the explicit construction of avoided costs to value energy
savings, and the requirements on proposed portfolios to be cost-effective based
on the savings measurable under CPUC measurement protocols. The key tests
were the total resource cost (TRC) test, which measured cost-effectiveness from
the perspective of all ratepayers or the region in which energy efficiency is
implemented, and the administrators’ cost test, which measures cost-effective-
ness from the perspective of the administrators’ costs and the benefits accruing to
it. These criteria were applied to utility portfolios as a condition for approval.

It is important to note that in determining cost-effectiveness, all costs were
included in the tests, but only the benefits arising from savings measurable from

7. As Long et al. point out (Chapter 8 of this volume), California’s decoupling model is an

anomaly among most states in the U.S., where utilities often have perverse incentives to increase

sales rather than promoting EE.

8. See CPUC Proceeding D.05.01.055, pages 21e32.

9. Both ACEEE (www.aceee.org) and the Regulatory Assistance Project (www.raponline.org) have

many presentations and papers on this and other related topics.
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CPUC approved measurement protocols were included. Where “nonresource”
programsdthose without measurable savings, often long-term “strategic”
programsdare a small part of this portfolio, this is not an important distinction.
When there is interest in increasing the nonresource portion of the portfolio,
cost-effectiveness can become an issue.

No sooner had this framework been established than California began to
face the issues raised by the restructuring of its IOUs starting in 1996. While
not central to the restructuring itself, energy efficiency for resource acquisition,
like supply-side resource acquisition, was no longer regarded as an integral part
of the electric distribution company’s functions. Accordingly, the CPUC set out
to find an independent administrator for energy efficiency activities focused on
transforming the market for energy services and increasing energy efficiency.
This exercise fared little better than the state’s larger restructuring effort, and
the effort to install an independent administrator for energy efficiency programs
was not continued after the collapse of electric restructuring in 2000e2002.11

Subsequently, the acquisition of energy efficiency as a resource returned to
the fore as one of the key instruments by which such crises could be prevented
in the future. As the IOUs in California returned to the role of procuring
electricity,12 energy efficiency received increased emphasis and additional
funding. The concept of state promoted market transformation13 had now been
permanently inserted into California’s energy efficiency programs.

After the 2000e2002 crises had passed, the CPUC also systematically
reviewed the policies that had been in place since the beginning of restructuring
and established at PG&E an enlarged, resource-oriented energy efficiency
portfolio. During the period from 2004 to 2006, the CPUC established energy
efficiency savings goals (2004), affirmed the IOUs as energy efficiency
administrators (2005), further increased funding and activity to support the
higher goals (2005), and reinstituted a risk/reward mechanism (2006).14

At the close of 2006, PG&E was administering programs focusing on
residential, commercial, industrial, agricultural, and institutional customers and
covering all major energy using technologies and building systems, including
lighting, heating, cooling and ventilation, motors, process, and residential and
commercial new construction. PG&E offered customers information through

11. A reference describing California’s restructuring experience is Sweeney, J. (2002). The Cal-

ifornia electricity crisis. Hoover Institution Press.

12. When the IOU’s credit rating dropped in 2001, it was no longer able to transact on wholesale

markets. The state of California temporarily assumed the function of procuring power on

wholesale markets for retail customers.

13. The term goes back at least to 1994, see www.aceee.org/pubs/e941.htm, which describes it as

the process of successive energy efficient innovations entering the market to the point of nonre-

versible saturation.

14. The California Public Utilities website provides further details of these decisions at www.cpuc.

ca.gov/PUC/energy/EnergyþEfficiency/EEþPolicy.
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channels ranging from TV spots to extensive design and engineering assistance;
rebates to final customers or to producers, distributors, or retailers; and PG&E
supported new and emerging technologies and advances in state and federal
codes governing energy usage.

2.1. California’s Long-Term Energy Efficiency Strategic Plan

Until 2006, longer term planning for energy efficiency had only occurred in the
context of long-term energy planning. These plans were usually simply
extensions of the one- to three-year plans approved by the CPUC. In 2007, the
CPUC began the next logical step in moving from energy efficiency portfolios
that were planned and implemented one to three years ahead to developing
a “strategic plan” that would guide the trajectory and goals for energy effi-
ciency programs through 2020 by attempting to focus on longer-term, more
visionary possibilities for improving efficiency. Specifically, it used this vehicle
to formally consider and approve the ZNE building goals needed to address
climate challenges. The CPUC focused on this long-term strategy to align with
California’s implementation of Assembly Bill 32 (AB 32), the “California
Global Warming Solutions Act of 2006,” which requires the state’s emissions
of GHGs to be reduced to 1990 levels by 2020, and to set the strategic direc-
tions that could produce significant reductions in energy use, and therefore
GHG emissions, over the coming decade. The goal and concept of ZNE was
central to many of the findings of the strategic plan. Attaining these goals will
cut the growth in California emissions significantly, as it pursues absolute
declines through energy efficiency and other means. Currently, California
expects that roughly 15% of its GHG reductions needed to meet the 2020 target
will come from energy efficiency.15

As the keystone to this effort, the CPUC adopted the California Long-Term
Energy Efficiency Strategic Plan (CEESP or Strategic Plan) in September 2008.
The Strategic Plan sets forth a statewide roadmap to maximize the achievement
of energy efficiency in California’s electricity and natural gas sectors. The Plan
also sets a number of specific goals for the years 2009 through 2030. Over 40
public workshops and meetings were convened by the CPUC and the IOUs
leading to the adoption of the Strategic Plan (PUC, 2008).

With the CEESP, the state of California has created a roadmap for a scaling-
up of statewide energy efficiency efforts. While the policies of the past three
decades have been successful in raising public awareness of energy issues and
laying the groundwork for large-scale efficiency efforts, the savings achieved
through those policies have come through specific programs with targeted
market impacts. The objective of the Strategic Plan is to sustain market
transformation, moving California beyond its historic reliance on a near-term

15. For details on the AB 32 plan, including targets, see www.arb.ca.gov/cc/facts/scoping_ plan_

fs.pdf.

503Chapter | 17 Zeroing in on Zero Net Energy



replacement of less efficient technology with more efficient technology and
toward long-term, deeper savings achievable only through programs with
broader, longer-term impact. This shift is in part to align with the goals of AB
32, but is also reflective of an evolution in program design as a result of
a broader set of stakeholders engaged in energy efficiency planning.

Key to the Strategic Plan’s success are four programmatic goals, widely
viewed as ambitious, high-impact efforts. These goals, called the “Big, Bold
Energy Efficiency Strategies” (BBEES), are listed in Table 2. The goals were
selected not only for their potential impact, but also for their transparency and
ability to galvanize market players. For each of these measures, the Strategic
Plan provides recommendations for coordinated action among the state, its
utilities, the private sector, and other market players. The recommendations
take advantage of the wide variety of stakeholder expertise engaged in the
strategic planning process. While specific energy savings have not been
assigned to each of the goals, the structure of each utility-administered program
has been redesigned to address meeting the BBEES.

The implementation of the Strategic Plan requires action on many fronts. In
the near term, the CPUC has committed to leading the effort to coordinate
necessary implementation actions. In addition the CPUC has authorized energy
efficiency programs totaling $3.1 billion for the 2010e2012 timeframe for the
IOUs to achieve both measurable energy savings and strategic plan objectives.
Ensuring that utilities’ energy efficiency program portfolios for the 2010e2012
cycle are consistent with the goals and strategies in the Strategic Plan represents
a large portion of the CPUC’s role in ensuring the realization of the Strategic
Plan objectives. Central to this large effort was PG&E’s specific proposal to
foster ZNE.

TABLE 2 California Long Term Energy Efficiency Strategic Plan Program-

matic Goals, or the “Big, Bold Energy Efficiency Strategies” (CEESP, 2008)

Sector/ Market Goal

New Residential Construction All new residential construction in California will
be zero net energy by 2020.

New Commercial Construction All new commercial construction in California will
be zero net energy by 2030.

Heating, Ventilation, and Air
Conditioning (HVAC) Industry

HVAC industry and market will be transformed to
ensure that its energy performance is optimal for
California’s climate.

Low Income Customers All eligible low-income customers will be given
the opportunity to participate in low-income
energy efficiency programs by 2020.
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2.2. Cost to Achieve ZNE

During the development of the Strategic Plan, ZNE was defined broadly as “the
implementation of a combination of building energy efficiency design features
and on-site clean distributed generation that result in no net purchases from the
electricity or gas grid, at the level of a single ‘project’ seeking development
entitlements and building code permits.” (CPUC Decision 07-10-032, 2007,
emphasis added). This broad definition was adopted by the CPUC so that the
ZNE programs could investigate a wide variety of options to achieve ZNE in
residential and commercial buildings. These options might include community
scale renewable energy systems in addition to the more traditional on-building
photovoltaics (PVs). Conceptually ZNE goals can be achieved at the scale of
a building, collection of buildings, campus, complex, a development, or even
a new city. Larger scale can provide significant new opportunities. For example,
on a specific building basis, it might prove difficult to design a new multifamily
structure to be ZNE, while if the entire site was considered, additional
approaches can be employed to drive further to ZNE at lower cost. Some new
technologies might be through superior design (optimizing solar gain/shading,
high-performance window and shell construction including “cool” roofs) and
the renewables integrated into weather protection on top of parking structures.
Moving to a larger scale can open progressively attractive opportunities.

Moving beyond on-building energy production is important because
a recent report by the National Renewable Energy Laboratory (NREL)
concluded that using today’s technologies and practices, only 64% of the
commercial building stock in the United States could become ZNE (Griffith
et al., 2006). This low technical potential is due to the high energy use intensity
(EUI) of many building types and a low amount of roof area that could be
devoted to renewable energy production. Therefore, having the option of on-
site or near-site PV energy production is necessary to be able to achieve
penetration through the entire commercial building market.

Having options beyond the installation of PVs on each building is also
important to keep the cost of ZNE as low as possible. For example, as part of
program planning, PG&E estimated the cost to achieve ZNE in a new 2100
square foot home in four cities that PG&E serves. Single-family homes are
widely considered to be the easiest building type in which to achieve ZNE, and
several demonstration projects such as the Solar Decathlon16 have shown that
ZNE can be readily achieved in the residential sector. The results of the esti-
mation are presented in Figure 1. In all four cities, the largest portion of the

16. The U.S. Department of Energy Solar Decathlon challenges 20 collegiate teams to design,

build, and operate solar-powered houses that are cost-effective, energy-efficient, and attractive.

The winner of the competition is the team that best blends affordability, consumer appeal, and

design excellence with optimal energy production and maximum efficiency. For more information

see www.solardecathlon.gov.
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FIGURE 1 Estimate of the Incremental Cost to Achieve ZNE in a 2100 Square Foot Home in four California Communities. Note that the highest proportion of the

cost is to provide for a photovoltaic system.
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incremental cost was the installation of a PV system on the roof of a house, as
high as $37,000 for a home in Bakersfield in California’s central valley.17

While the total incremental cost of $40,000 to achieve ZNE in a home in
San Francisco may only represent a 5% increase in the total cost of the home, in
areas such as Sacramento, with lower median home prices, the incremental cost
may be 25% of the value of the home.18 While some of the cost can be
recovered through a higher sale price (2%e5%), it is unlikely that the market
will support such significant incremental costs in all markets without incen-
tives. These figures will vary regionally with construction costs, the perfor-
mance of local renewables, and so on.

While ZNE buildings hold the promise of no energy bills, with high
incremental costs, the total benefit/cost ratio is less than one, and will remain
less than one until either the price of carbon is approximately $65/ton or the
incremental cost of the ZNE measures is reduced to approximately $10,000 per
home (Goetzler, 2008). Similar results are expected for commercial buildings,
though the custom nature of the commercial market makes an “apples to
apples” comparison impossible. This lack of cost-effectiveness has framed the
approach the utilities took to start to achieve ZNE in Californiadreducing the
first cost of technologies, reducing the cost of design and construction, and
increasing the knowledge of ZNE in the general public to increase demand for
the products and services.

3. PG&E’S ZERO NET ENERGY PILOT PROGRAM

The PG&E ZNE Pilot Program is one example of how the IOUs are supporting
the implementation of the Strategic Plan. Beginning in late 2010, the program
will initiate research, develop design guidelines, and identify and initiate
demonstration projects around ZNE buildings and developments.

As PG&E designed the ZNE Pilot Program, it identified four key gaps in the
current body of knowledge that are significant barriers to ZNE development:

l First Cost: The issue of first cost can be overcome by reducing the capital
cost of a technology, or, as part of a whole building solution, by reducing
other costs of construction to “buy” room in a project budget for deeper
levels of energy efficiency. Cost reduction may also be accomplished
through better design integration, real-time construction cost estimations
during the design process, or utilizing new software tools such as Building
Information Modeling or BIM. In addition, cost-effectiveness can be

17. In this book’s Chapter 9, Gray and Zarnikau also discuss the cost implications of ZNE.

18. Incremental cost to achieve ZNE in the Sacramento region is estimated at $43,925. According

to the National Association of Realtors (www.realtor.org/research/research/metroprice), the 2009

median house price in the Sacramento region is $180,500.
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attained by reducing the amount of time spent identifying, learning about,
and locating energy efficiency measures.

l Integration: A major issue is the need to have an integrated approach to
demand-side management very early in the design process. The ZNE Pilot
Program would work with building owners and design teams to affect the
form of a building, orientation, and decisions regarding energy consuming
equipment in predesign or the schematic design phases of a project.

l Knowledge: There is a widespread lack of knowledge regarding ZNE in the-
general public. Through the demonstration projects and case studies, future
building owners, design teams, and the general public will be able to view
ZNE buildings and “kick the tires” on new technologies. This will begin to
create demand in the market for buildings and developments with better
demand-side management capability and specifically for buildings on the
path to ZNE. Increasing public awareness may also help to overcome insti-
tutionalized behavior by companies, departments, professional groups, and
government entities that may otherwise discourage forward thinking and
proactive implementation of energy efficiency measures.

l Scaling Up: Until there is a critical mass of ZNE homes and commercial
buildings, the perceived difficulty of acquiring the information needed to
evaluate measures during design, construction, and operation of a ZNE
building may cause design teams and building owners to not pursue ZNE
design.

The ZNE Pilot Program was designed to address these barriers through inte-
gration, cooperation, and collaboration with a wide range of market actors. The
Program plans to engage the publicly owned and IOUs; developers, architects,
builders, municipalities, and redevelopment agencies; the California Energy
Commission; the U.S. Department of Energy National Laboratories including
National Renewable Energy Laboratory (NREL) and Lawrence Berkeley
National Laboratory (LBNL); professional building and trade associations;
research institutions; and state, federal, regional, and local agencies. With the
collaboration of the above organizations, the program will continue to engage
long-term strategic planning and also identify near-term steps toward the
Strategic Plan goals (Figure 2).

The first part of the program, related to community design, would offer
design assistance and technical support furthering advanced community design.
This Communities Subprogram will target mixed-use complexes, multifamily
complexes, advanced residential new construction, advanced commercial new
construction, compact development, and transit-oriented development at the
early stages of the entitlement and design process, helping to capture energy
and resource savings that would normally fall outside of the scope of a typical
project.

To be eligible to participate in the Communities Subprogram, it is expected
that a project would need to be in the early stages of entitlement, planning, or
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FIGURE 2 PG&E Zero Net Energy Pilot Program Diagram Showing Integration Efforts with Other Energy Efficiency Efforts, from PG&E Program Imple-

mentation Plan, 2009.
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design; be primarily a residential or commercial development; plan to exceed
the California building energy code by at least 30%, preferably much more; and
plan to include on-site clean distributed generation. Preference would be given
to projects that substantially exceed these minimum requirements, include
more than one building in the development, include other principles of
sustainable development, and are targeting a certification from an established
green building rating system.

The second part of the ZNE Pilot Program, the Demonstration Showcase
Subprogram, has two key elements: commercial and residential demonstration
projects; and studies, performance monitoring, and assessment of existing
passive and low-energy buildings. In this portion of the program, similar in
concept to the “Home of the Future” program currently administered by the
Sacramento Municipal Utility District (SMUD), PG&E will provide detailed
technical assistance, design assistance, and cost sharing of advanced energy
efficiency measures for developers and design teams interested in building
cutting-edge homes and commercial buildings (Figure 3). In exchange for this
assistance, and after the design and construction is complete, each home and
building will be made available to the public, and published as a case study
incorporating performance verification and assessment.

FIGURE 3 The Sacramento Municipal Utility District (SMUD) “Home of the Future” in Folsom,

California. Completed in 2008, the home incorporates a number of energy efficiency and

renewable energy features and was open to the public for tours. For more information on the

SMUD Home of the Future program, see www.smud.org. Photo Credit: Nicholas Rajkovich.
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These demonstration projects will give teams the opportunity to design,
build, and construct a near ZNE building at a lower direct cost and in a lower
risk environment than if they were to undertake the projects on their own. This
will be accomplished by partnering with research organizations such as CEC
PIER, the NREL, and the LBNL19 to provide lessons learned from other
demonstration project programs and to offer design and technical assistance for
the construction of several homes and commercial projects.

These demonstration projects will also give teams the opportunity to
practice ZNE design and construction techniques and to have access to research
expertise and “lessons learned” from past projects that are not normally
available to a design team. In addition, the showcases will engage the public in
on-site activities, while ongoing performance assessment and verification will
allow teams to refine their techniques for future design projects.

In the third part of the ZNE Pilot Program, the Technology Advancement
Subprogram, PG&E plans to deliver information, insights, analytical tools, and
resources to accelerate and expand the commercialization of innovative tech-
nologies. To accomplish this, the ZNE Pilot Program plans to work with the
existing Emerging Technologies Program (ETP) in California to deliver
information and insights on customer and community planning needs, as well
as technology integration opportunities to help the ETP screen and assess
potential technologies. In turn, the ETP will provide insights on technology
evolution and trends, market potential, adoption rates, participation in vendor
technology evaluations, implementation and management of pilot programs,
and design specifications for needed technology to support the ZNE Pilot
Program.

In the fourth and final part of the ZNE Pilot Program, the Design Integration
Subprogram, PG&E will develop and disseminate information on the best
practices for the design of ZNE communities, buildings, and homes by
engaging organizations such as the American Institute of Architects California
Council (AIACC), the U.S. Green Building Council (USGBC), and the
American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE).

In addition, to close the loop and allow for the evaluation of proposed ZNE
communities, buildings, and homes, assistance will be offered to planning and
code officials who are in the process of reviewing proposed ZNE buildings and
developments. The results of the Design Integration Subprogram will include
best practice guidelines and software tools to design and evaluate “beyond-
code” projects. The goal will be to close the loop from design through occu-
pancy, including project phases such as code review and on-site code related
inspections. This will require convening and coordinating the ongoing efforts of

19. The U.S. Department of Energy has a research objective of enabling ZNE buildings. For

commercial buildings, see www1.eere.energy.gov/buildings/commercial_initiative/goals.html and

for residential activities see www1.eere.energy.gov/buildings/goals.html.
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national energy experts, software developers, regulatory bodies, and code
officials to adopt a common language for the design, construction, and evalu-
ation of ZNE buildings.

4. REFRAMING ASSUMPTIONS FOR ZERO NET ENERGY

As California and other states contemplate a move to ZNE, it is timely to
examine how the legacy of energy efficiency program planning and evaluation
may affect the success of this new type of program. Historically, programs
promoting energy efficiency have taken a “rational actor” approach to trans-
form patterns of energy use. The goal of most energy efficiency programs has
been to effect a change in energy consumption by causing an end user to
purchase a piece of equipment with a higher level of efficiency. This has
typically been done by providing the end user with information on the cost of
the energy efficiency equipment and/or providing a financial incentive to make
the investment in the equipment economically attractive. This policy paradigm
is widely called the Physical Technical Economic Model (PTEM).

The PTEM approaches most energy efficiency problems through a meth-
odology called DMAIC, defined through the following five steps (Huesing,
2008):

l Defining energy savings goals and current processes in use.
l Measuring key aspects of current processes and collecting energy and

economic data related to the process.
l Analyzing the data to determine cause-and-effect relationships and hypoth-

esizing what economic incentive levels are necessary to effect change in the
market.

l Improving or optimizing an end user’s process based upon the data
provided.

l Controlling to ensure that any deviations from the original program goals
are corrected as the program scales up to the entire market.

The PTEM has been effective in causing an increase in investment in specific
energy efficiency technologies such as high-efficiency motors. The PTEM has
been favored over other approaches primarily because energy savings achieved
through these programs can be clearly defined and are subject to widely
accepted measurement or verification approaches. However, PTEM-type
programs have not been totally effective. Despite substantial efforts and
financial incentives to cause investment in energy-efficiency technologies,
significant gaps remain between the potential and the level of investment
actually occurring in the market (e.g., Granade et al., 2009). This gap is
receiving increased focus because of the substantial goals proposed by the
Strategic Plan and because of the vital contribution energy-efficiency programs
can make to reducing worldwide GHG emissions.
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Because the PTEM relies on the assumption of a rational actor, PTEM-
based planners most often rely on two arguments to explain away the gaps:

l The first argument is that there are significant institutional and other barriers
in the market that prevent consumers from behaving rationally and therefore
prevent the market from performing to its full potential. These barriers
include limited availability of capital, predatory pricing, regulatory distor-
tions, transaction costs, and inseparability of energy efficiency from other
product attributes (Sullivan, 2009, p. iv).

l The second argument is that the gap is more apparent than is actually real.
Under this explanation PTEM-based planners argue that the gap is actually
a consequence of the normal operation of an efficient market, and that adop-
tion rates for any new technology should lag behind the level of economic
potential at any point in time (Sullivan, 2009, p. iii).

Neither of these explanations is totally satisfying, and recent research has
shown that PTEM-based programs tend to oversimplify consumer and business
decision-making, leading to an overemphasis on cost-benefit tests and inef-
fective marketing (Sullivan, 2009, p. iv).

While the PTEM has been useful in building a logical foundation for
energy efficiency in the past, its use has also limited its scope. Because energy
efficiency as defined under the PTEM uses strict neoclassical engineering and
economic models and is generally defined as the total reduction in energy
usage from a baseline condition to a “better” condition after a measure is
installed, PTEM-based programs inadvertently reward buildings that have
a higher initial EUIdfor example, single-family housing and multistory
office buildingsdwith greater levels of financial incentives. This occurs
because the baseline EUI for these building types is higher, and therefore the
potential for total energy savings, measured in kilowatts (kW), kilowatt-hours
(kWh), or therms (thm) of natural gas, is also higher.

While there is no causal link between energy efficiency programs and
settlement patterns like urban sprawl, it is worth noting that since the 1970s,
these programs based on the PTEM have provided millions of dollars to
developers of relatively dispersed single family developments and office parks,
a pattern of settlement with a high level of per capita GHG emissions,
compared to denser, transit-oriented, and/or multifamily housing-related
development. While energy efficiency programs have mitigated the energy
impact of these developments, they have been unable to effect a change in the
pattern and type of development. A PTEM-based program planner might
counter the above statement by replying that they must remain agnostic to
development types as engineers and economists; their role is only to drive
“whatever the market wants” to a higher level of efficiency. But the persistent
gap between potential and actual market conditions, as well as a feeling that
engineering and economics left much unexplained about observed energy
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usage, drove a number of researchers in the early 1990s to push for a theory for
energy efficiency grounded more broadly in the social sciences.

Beginning in the early 1990s, researchers such as Loren Lutzenhiser
showed that the role of human social behavior has been largely overlooked in
energy policy, despite the fact that social impacts of energy use have a signif-
icant effect on the results of any energy program. He argued that although
a social theory of energy was scattered across a number of social science
disciplines, a body of research concerned with human factors in energy use did
exist and that we should apply these techniques to achieve deeper results
(Lutzenhiser, 1993).20

One method advocated by Lutzenhiser was segmentation, or “identifying
homogenous sub-populations within larger heterogeneous populations”
(Moss, 2008, p. 3). This technique, used widely in the field of marketing, is an
effort to effectively communicate with and motivate to action an increasingly
diverse population of individuals, families, and businesses by understanding
their needs and patterns of energy use (ibid., p. 3). Methodologies advocated
by this newly minted “social approach” included ethnographic studies to
characterize patterns of energy use in specific demographic groups, focus
groups, and longitudinal studies of energy usage. The primary focus of the
social approach was reducing energy usage in the residential sector, where
the PTEM had previously failed to achieve penetration and results. Under the
new social approach, the PTEM failure to penetrate into a market was defined
as a failure to understand the needs (especially the noneconomic needs) of
a market.

However, the social model remains as agnostic on settlement patterns as the
PTEM. While perhaps better equipped to understand the needs of the greater
population by determining attitudes on sprawl or types of development, it also
lacks an ability to inform a value judgment favoring one form of development
over another. For instance, if equal percentages of a surveyed subpopulation
were to prefer single-family residential and multifamily housing, the social
model would fail to reject either and could not provide a clear rationale for
program activities focused on one type of housing over the other. Both types of
development would remain. In the end, we are seeing socially-based energy
planners following the same path as their PTEM brethren, driving “whatever
the market was surveyed to want” to a higher level of efficiency. This approach,
therefore, is as flawed as the PTEM.

Over time, the original PTEM has been revised by the social approach,
resulting in the current “sociotechnical” model used in energy efficiency
practice (e.g., Bernstein, 1966; Janda, 2002). The current energy efficiency
planning process used in California and other U.S. jurisdictions is an amal-
gamation of the PTEM and segmentation methodologies. The authority to

20. In this book’s Chapter 11 Prindle and Finlinson make similar arguments, as do Ehrhardt--

Martinez et al. in Chapter 10.
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operate certain programs that are “socially good” but produce little energy or
economic savings is granted by lumping all of the energy efficiency programs
together into one large program, called a portfolio. Within this portfolio,
planners are basically able to average the cost-effectiveness from high-
producing programs that have a benefitecost ratio much greater than one with
other programs that produce social good but would otherwise not pass a cost-
effectiveness test (Sullivan, 2009, p. vi).

Unfortunately, the current approach is unlikely to allow ZNE to stand
on its own within energy efficiency programs because the total portfolio
cost-effectiveness remains the overall concern. Cost-effectiveness is highly
valued in the political process as a means to prove the efficacy of a program.
When the economy falters, or other programs are not meeting energy savings
targets, the programs that do not provide measured energy resource
savings will be at a disadvantage relative to programs with measurable energy
savings potential.

CONCLUSIONS

Any strategic approach to achieve long-term, energy-efficiency savings will
require wide stakeholder support, an ability to quantify externalities, an ability
to count nonenergy benefits from these programs, and a process for mediating,
assessing, and prioritizing new information in the context of shifting current
social norms and priorities. One of the current handicaps in California is a lack
of reflection and open dialogue among principal stakeholders that would allow
them to discuss the shortfalls in current approaches to cost-effectiveness and
openly collaborate to resolve the issues. Because a national effort is underway
to achieve ZNE in the built environment by the year 2030, and programs such
as PG&E’s are underway or being considered by other jurisdictions, this effort
is timely and necessary.

The effort to expand the foundation on which strategic energy efficiency
programs is built will require significant time and resources. The payoff could
be well worth it: a sound and agreed upon basis to assess and justify such
programs. This might enable expanded energy efficiency program options, like
ZNE, to support sustainable development in a way that has not been feasible in
the past. Research from the social sciences, documenting that we need to create
developments that are socially inclusive and sustainable with regard to land use,
energy use, and transit, could finally be brought to bear on energy-efficiency
problems and be fundamentally connected with overall programmatic efforts to
reduce overall GHG emissions (Blanco et al., 2009). The “payoff” would be
incalculable: Energy use in new homes and businesses would trend to zero,
flattening energy growth in California. Increased energy efficiency in existing
buildings would no longer be offset by additional energy use in new buildings,
and overall real energy usage would decrease, hastening progress to
sustainability.
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1. INTRODUCTION

In February 2007, the Austin City Council enacted the Austin Climate
Protection Plan (ACPP) to reduce greenhouse gas (GHG) emissions from the
City of Austin’s, 2009 municipal operations and the larger community. Austin
is the capital of Texas, the fourth largest city in the state, and the sixteenth most
populous city in the U.S. The city has a population of 783,000 and comprises
300 square miles. In addition to conventional municipal services, the municipal
government (the “City”) provides electric, water, wastewater, and solid waste
management services. Each of these functions contributes a sizeable portion of
Austin’s carbon footprint and offers significant opportunities for GHG
reductions.

1. The author wishes to thank Ester Matthews, Karl Rábago, and Ed Clark for their review and

contributions to this chapter. Acknowledgment is also given to Austin Energy and the City of

Austin for their permission to share information about Austin’s climate protection efforts.

2. The work described in this chapter was performed while the author was with the City of Austin

Climate Protection Program, with acknowledgment for their support.
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This chapter highlights the City of Austin’s successes and challenges in
implementing the ACPP and provides comparisons to other cities that have
taken similar action to address climate change. Section 2 sets the stage for
Austin’s and other cities’ climate protection efforts. Section 3 outlines the
ACPP. Section 4 describes specific measures Austin is taking to reduce the
carbon footprint of its municipal operations and of the community. A
comparison of Austin’s approach to climate protection to other peer cities is
provided in Section 5. Section 6 outlines lessons learned that could be applied
to other climate protection programs, and the chapter concludes with a forward-
looking view of a world in which all cities achieve, or exceed, Austin’s goal of
carbon neutrality.

2. WHY CLIMATE ACTION?

Urban areas represent less then 1% of the global land area but house roughly
half of the global population. These 3.4 billion urban dwellers currently
consume roughly 75% of worldwide energy and emit 75% of global GHG
emissions. This urbanization trend is projected to continue, with roughly 60%
of the world’s population living in urban areas by 2030 (C40 Cities, 2009). A
massive amount of energy is required to support this growth and the resultant
GHG output if the world continues its projected pace of energy consumption
and reliance on fossil fuels. In the absence of climate action, the Intergov-
ernmental Panel on Climate Change (IPCC) projects global GHG emissions
will reach somewhere between 25 to 90 billion metric tons of carbon dioxide-
equivalents (CO2-eq.) per year by 2030 (IPCC, 2007).

In addition to their large contribution to global GHG emissions, urban
areas are highly susceptible to the impacts of climate change. The effects of
elevated temperatures are exacerbated in urban environments due to lack of
vegetative cover; concentration of asphalt and concrete structures that
absorbdrather than reflectdheat; and excess heat contributed by a denser
concentration of vehicles, power plants, air-conditioners, and so on. The
combination of these factors can cause urban temperatures to be 2� to 22�F
(1� to 12�C) warmer than surrounding rural and suburban environments (U.S.
Environmental Protection Agency, 2009), a phenomenon known as the urban
heat island effect. Warmer urban temperatures contribute to a risk of more
extreme heat days that contribute to heat- and air-pollutionerelated illnesses
and deaths.3

3. The urban heat island effect contributes to elevated air pollution levels in two ways. First,

elevated ambient temperatures increase the need for air-conditioning (where available), which

increases the demand for electricity, which in turn increases emissions from local power plants.

Second, ozone, a common urban air pollutant, is formed when nitrogen oxides and volatile organic

compounds react in the presence of sunlight. Hot, stagnant air provides ideal conditions for ozone

formation.
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Beyond rising temperatures, other types of extreme weather events are
expected to increase due to climate change (IPCC, 2007). The U.S. alone has
experienced 96 extreme weather events since 1980 that have individually
carried a price tag of $1 billion or more. The number of $1 billion plus events
has trended upwards, with a notable increase in the past decade (National
Climatic Data Center, 2009). Flooding, hurricanes, and tsunamis are of
particular concern due to the coastal location of many urban areas. In the U.S.,
the Gulf Coast and southeastern Atlantic Coast states have sustained the most
damage due to the increased frequency and intensity of hurricanes (National
Climatic Data Center, 2009). Coupled with rising sea levels, coastal residents
and ecosystems are particularly vulnerable.

Inland areas are also impacted due to drought, flooding, tornadoes, and
other weather events that may be exacerbated by climate change. Even in the
absence of direct climate or weather events, inland cities that house coastal
refugees during events can be impacted. Typically during evacuation events,
those who have transportation, adequate financial resources, and alternative
housing options leave. Those without such means are provided transportation to
sister cities. These visitors often become permanent residents who strain the
receiving community’s social services as they seek assistance finding housing,
jobs, food, and medical care. Local, state, and federal government assistance
programs are left to fill the gap.

Given urban areas’ disproportionate contribution to climate change and
climate change’s likely disproportionate impact on urban areas, local
governments have become leaders in climate protection. The Kyoto Protocol
is driving climate action at all levels of government among its 187 partici-
pating member countries. In the U.S., which has not yet ratified the Kyoto
Protocol nor taken federal action to limit GHG emissions, several local
government climate action campaigns have taken root over the past few years.
Two of the most successful campaigns in the U.S. have been the U.S.
Conference of Mayors’ Climate Protection Campaign (http://usmayors.org/
climateprotection/agreement.htm) and ICLEI-Local Governments for Sus-
tainability’s Cities for Climate Protection Campaign (www.icleiusa.org/). As
of December 2009, 1016 local U.S. governments had signed onto the U.S.
Conference of Mayors’ Climate Protection Agreement, and greater than 600
U.S. cities and nearly 2900 cities globally had joined ICLEI’s Climate
Protection Campaign.

3. TAKING ACTION: AUSTIN’S CLIMATE PROTECTION PLAN

As a result of climate change, Austin may experience more intense precipitation
events followed by more intense, and perhaps more prolonged, drought periods.
Austin may also experience warmer weather year-round, with fewer freezes
during the winter and a prolonged “warm” season (Union of Concerned Scien-
tists, 2009). As a result, Austin stands to suffer from heat and disease-related
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health concerns, increased water and energy demands, and worsened air quality,
among other climate change-induced threats.

In the face of these challenges, Austin is taking action to mitigate climate
change and its effects in an effort to preserve Austinites’ high quality of living.
Austin has adopted local adaptations of the U.S. Conference of Mayors,
Climate Protection Agreement and is a member of the ICLEI Cities for Climate
Protection Campaign. In 2007, the Austin City Council adopted the ACPP,
arguably one of the nation’s most aggressive climate action plans.4,5

The ACPP strives to make municipal government operations carbon-neutral
by 2020, whereas the larger community is working toward carbon neutrality by
2050. The ACPP is divided into five subplans to help the community progress
toward these goals:

l Municipal Plan e Make all City of Austin facilities, vehicles, and opera-
tions carbon-neutral by 2020.

l Utility Plan e Cap CO2 emissions from existing power plants; expand
conservation and renewable energy programs; and make any new electricity
generation carbon-neutral.

l Homes and Buildings Plan e Update building codes for new buildings to
be the most energy-efficient in the nation; pursue energy efficiency
upgrades for existing buildings; and enhance local Green Building program.

l Community Plan e Engage Austin citizens, community groups, and busi-
nesses to reduce the community’s carbon footprint.

l “Go Neutral” Plan e Provide tools and resources for citizens, businesses,
organizations, and visitors to measure and reduce their carbon footprint.

What Are Greenhouse Gases?

GHGs are gases that absorb outgoing radiation and warm the Earth’s atmosphere.

The accumulation of these GHGs in the atmosphere contributes to global climate

change. Austin measures human-induced emissions of the following long-lived

GHGs:

l Carbon dioxide (CO2) e Primarily emitted from the combustion of fossil fuels.

l Methane e Primarily emitted from the combustion of fossil fuels; the decay of

organic materials, for example, in landfills and feedlots; digestion of ruminant

animals (e.g., cows); and wastewater treatment.

l Nitrous oxide e Primarily emitted from fossil fuel combustion, wastewater

treatment, the application of fertilizers, and feedlots.

(Continued)

4. Most governments and other entities refer to “climate action plans.” Austin prefers the term

“climate protection plan.” The two phrases are used interchangeably throughout this chapter.

5. The text of the Austin Climate Protection Plan is available at http://www.ci.austin.tx.us/acpp/

downloads/acpp_res021507.pdf
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3.1. Measuring Austin’s Carbon Footprint

Measuring the sum of GHGs an entity contributes to the atmosphere ereferred
to as a “carbon footprint” or a “GHG emissions inventory” eis a critical first
step for taking action to reduce an entity’s climate impact.”. To better
understand the community’s contribution to local GHGs, ACPP staff prepared
an inventory of the major GHG emission sources in Travis County, the county
in which Austin resides. The county was selected as the boundary for the
community’s carbon footprint because the City provides services outside the
city limits and because Travis County captures the majority of the city limits
and extended service area. The City of Austin (highlighted in Figure 1) is
shown in relation to the municipal utility’s electric service delivery area
(bordered by the solid line) and Travis County (bordered by the broken line) in
Figure 1.

2007, the year in which the ACPP was adopted, was selected as the base
year against which future changes in the community’s carbon footprint will be
measured. Total 2007 GHG emissions for Travis County were approximately
15.7 million metric tons of CO2-eq. Ninety percent of the emissions came from
energy use, with nearly 50% from building energy use and another 40% from
transportation. Waste contributed the remaining 11%. Building energy use
includes emissions from electricity6 and natural gas consumption by residen-
tial, commercial, and industrial sectors. Transportation includes emissions from
on- and off-road vehicles, passenger and freight trains, and air travel in the
region. Waste includes emissions from landfills and wastewater treatment
plants. Figure 2 shows the breakdown of these emissions in the community.

The average Travis County resident emitted 15 metric tons of CO2 emis-
sions from energy use (electricity, natural gas, and transportation fuel) in 2007.

What Are Greenhouse Gases?dcont’d

l Perfluorocarbons e Primarily emitted from aluminum smelting, semicon-

ductor manufacturing, and systems that use refrigerants and fire suppressants.

l Hexafluorocarbons e Primarily emitted from semiconductor manufacturing

and systems that use refrigerants and fire suppressants.

l Sulfur hexafluoride e Primarily emitted from electric transmission and distri-

bution equipment, semiconductor manufacturing, andmagnesium production.

CO2 is emitted in the largest quantities, but the other GHGs have a larger

per-unit impact in causing global warming. To account for these differences in

“global warming potential” among the gases, cumulative GHGs are reported in

CO2-equivalents (CO2-eq.).

6. Electricity emissions also capture the embodied energy use for treating, transporting, and

heating water.
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FIGURE 1 Map of City of Austin, Municipal Utility Service Area, and Travis County. Source: City of Austin
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Figure 3 compares the average energy-related per capita carbon footprint for
Travis County to that of other geographic jurisdictions. Because of the region’s
lack of heavy industry, a fairly energy conscious community, and a relatively
clean electricity fuel mix, Travis County’s average energy-related per capita
carbon footprint is half of the Texas average (27 metric tons of CO2) and only
three-quarters of the U.S. average (20 metric tons of CO2), but is over three
times the world average (5 metric tons of CO2).

3.1.1. The City of Austin Leading the Charge

Because the City of Austin provides electric, water and wastewater, and solid
waste collection services to the community, the government has a sizeable role
to play in helping the community reduce its carbon footprint. For this reason,
the City began taking action to address its internal operations before asking the

FIGURE 2 Austin Area (Travis County) Carbon Footprint, 2007. Source: City of Austin
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community to do the same. The City is taking a top-down and bottom-up
approach to embedding climate change as a key consideration in the day-to-day
activities of the City’s 13,000 employees.

To spur individual employee action, the City offers an interactive employee
training seminar on ways individuals can reduce their climate change impact at
work and at home. In addition, departments are taking charge through the
creation of department-level climate protection plans. Most governments have
climate action plans that span departments. However, Austin is taking a unique
approach in which it is empowering each department to develop customized
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FIGURE 3 Comparison of Energy-related CO2 Emissions per Capita.

Notes:

1. Unless otherwise noted, emissions are from 2007 energy consumption and population estimates

compiled from the following sources:

U.S. Energy Information Administration, “International Energy Statistics, Total Carbon

Dioxide Emissions from the Consumption of Energy (Million Metric Tons).” Available:

http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm.

U.S. Energy Information Administration, “International Energy Statistics, Population

(Millions).” Available: http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm.

2. Texas emissions are from 2005 energy consumption and population estimates compiled from

the following sources:

U.S. Energy Information Administration, “Table 3. State Emissions by Year (Million Metric

Tons of Carbon Dioxide).” Online. Available: http://www.eia.doe.gov/environment.html.

Accessed: April 21, 2009.

U.S. Census Bureau, “Table 1: Annual Estimates of the Population for the United States and

States, and for Puerto Rico: April 1, 2000 to July 1, 2005,” (NST-EST2005-01). Online. Avail-

able: http://www.census.gov/popest/states/NST-ann-est2005.html. Accessed: April 21, 2009.

3. Travis County emissions are from 2007 energy consumption and population estimates prepared

by the Austin Climate Protection Program.

Source: City of Austin
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plans that take into account its unique scope of services, emission sources, and
logistical/budgetary concerns. In some cases, building climate protection plans
have been developed to guide building occupants’ operations where no single
department has significant operational control over its energy and water use or
waste disposal options.

The departmental and building climate protection plans seek to reduce
GHG and other air pollutant emissions from the following sources: energy,
water, and transportation fuel use; procurement and materials management; and
waste. Employee education is also a critical component to ensure the long-term
success of the plans in engraining climate-conscious decision-making and
behavior change within the departments. The plans are available at: www.
coolaustin.org.

While the departmental and building climate protection plans provide
a bottom-up approach to climate protection, a City-wide perspective is
being maintained to identify and address universal barriers hindering the
City’s ability to become carbon-neutral by 2020. The remainder of this
section highlights emission reduction projects for each emissions source
category addressed in the departmental and building climate protection
plans.

3.2. Energy

To minimize energy use in new buildings, the City requires all new municipal
buildings to achieve a Leadership in Energy and Environmental Design
(LEED) silver rating. Additional sustainability requirements apply for

Reducing Austin’s Carbon Footprint One Dollar at a Time

Collectively, the quantifiable goals set by the 23 departments and five buildings

have the potential in the first year (2010) to reduce:

l 5.8 million kilowatt-hours (kWh) of electricity, avoiding $462,000 in electricity

costs

l 48,000 hundred cubic feet (ccf) of natural gas, avoiding $32,000 in heating

costs

l 53.6 million gallons of water, avoiding $225,000 in water costs

l 194,300 gallons of transportation fuel, avoiding $619,800 in fuel costs

l 337,300 metric tons of GHG emissions (relative to CY2007 baseline)

The 337,300-metric ton reduction in GHGs in 2010 reduces the City’s total

municipal operations’ carbon footprint by 5% compared to 2007 levels and

potentially avoids $1.3 million in operating costs. If this level of reduction is

achieved each year between 2010 and 2020, the City can expect to cut its carbon

footprint by nearly 50%.
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buildings that are not eligible for LEED rating, as well as for renovation
projects and ongoing building operations and maintenance.7

To further reduce energy use from existing buildings, the City’s municipally
owned electric utility, Austin Energy, 2008 and 2009, operates a Municipal
Energy Conservation Program that has avoided greater than 46 million kWh
and 25,600 metric tons CO2-eq. over the past two decades. Austin Energy is
investing $7.5 million in federal Energy Efficiency and Conservation Block
Grant funding in additional energy efficiency and energy management
improvements at multiple City facilities over the next two years. Projects
include lighting and lighting control retrofits and building commissioning to
optimize energy use in buildings. These projects are expected to avoid 5 million
kWh; 2800 metric tons CO2-eq.; and $400,000 in electricity costs per year.

Some departments have uncovered additional energy savings through in-
house projects. For example, the City’s Information Technology and Tele-
communications (ITT) department is installing power management software in
all noncritical computers and monitors. Power management software allows
ITT personnel to automatically set computers and monitors to a low-power
state during periods of inactivity without interfering with their ability to install
system updates and patches. The software is expected to annually avoid
3.5 million kWh; 1950 metric tons of CO2-eq.; and $280,000 in electricity
costs. In addition, the City is undertaking a number of energy efficiency
upgrades at its main data center. The upgrades are expected to annually avoid
393,000 kWh; 220 metric tons of CO2-eq.; and $32,000 in electricity costs.

For energy use that cannot be avoided, the ACPP requires the use of
emissions-free renewable energy in all municipal facilities by 2012. As of
December 2009, nearly 20% of the City’s total electricity use came from
renewable resources, avoiding 40,100 metric tons CO2-eq. per year. Obtaining
100% of the City’s electricity from renewable energy will reduce the com-
munity’s collective carbon footprint by 238,000 metric tons CO2-eq. per year
(assuming 2009 energy consumption levels).

3.3. Water

The City has installed water-saving technologies, including low-flow faucets,
toilets, urinals, and showerheads, in many of its municipal buildings. Water
conservation provides the dual benefit of preserving a limited resource in
a frequently drought-affected region and saving energy due to the interrelated
nature of energy and water use.8

7. Austin’s sustainable building requirements are available at www.ci.austin.tx.us/publicworks/

sustainability/default.htm.

8. Treating and transporting water and wastewater requires significant amounts of energy. Roughly

50% of the City of Austin’s electricity use is used to treat and pump water.
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One way the City is cutting back on water demand is through the use of
green infrastructure. Green infrastructure refers to the “use of natural systems
and engineered systems [that] mimic natural processes to enhance environ-
mental quality and provide utility services” (City of Austin, Green infra-
structure, 2009). Drought tolerant plants are employed for landscaping of
public property, rain gardens are being incorporated into City parks to naturally
treat runoff and protect water quality, and untreated river water or reclaimed
water is being used for irrigation. These activities avoid GHG emissions by
reducing demand for treated water.9

3.4. Transportation

Achieving carbon neutrality will require all City vehicles to be powered by
biofuels or electricity from emissions-free renewable energy. Until such options
are available for all of the City’s transportation needs, the City is striving to
downsize the existing fleet, select new vehicles with the lowest carbon footprint
available through fuel-efficient design and use of alternative fuels, and promote
environmentally responsible driver behavior.

One innovative program to help downsize the fleet is a car-sharing program
called Car2Go. The City has partnered with Daimler to offer 200 fuel-efficient
Smart Cars to City employees during a six-month trial period. Halfway through
the trial, use of the Smart Cars had avoided an estimated 680 gallons of fuel use
and 6 metric tons of CO2-eq. Similarly, City Cycle, an employee bike-sharing
program, helped the City of Austin achieve designation as a “Bicycle Friendly
Business.”

The City is also increasing its portfolio of alternative fuels. In 2009, 55% of
City vehicles were alternative fuel-capable. The City provides E85, which is
a blend of 85% ethanol and 15% gasoline; B20, which is a blend of 20% plant-
based diesel and 80% petro-diesel; compressed natural gas (CNG); propane;
and electricity10 as transportation fuels. Figure 4 shows the distribution of
vehicles by fuel type.

Fuel-efficient driving tips are included in the City’s mandatory driver
training classes, and additional online training opportunities are in develop-
ment. Similarly, some departments have initiated fuel conservation competi-
tions among work groups, in some cases leading to fuel savings of up to 10%.

9. In addition to the energy intensity of water purification and transport, the water treatment

process emits fugitive emissions of methane and nitrous oxide, which respectively have 21 and 310

times the heat-trapping ability of CO2.

10. Austin Energy, the City’s municipally owned electric utility, initiated a campaign, Plug-In

Partners (www.pluginpartners.org/), in 2005 to encourage U.S. auto makers to develop plug-in

hybrid-electric vehicles (PHEVs) as a transition to all electric vehicles. The City has committed to

purchase PHEVs as soon as they are economically available and currently operates greater than 50

all electric vehicles, ranging from flatbed trucks to forklifts.
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3.5. Procurement and Materials Management

The City began developing a Responsible Purchasing Program in late 2008.
The Purchasing Office is updating contract language to incorporate “Best
Value” evaluation criteria that allow for the consideration of environmental
impact and other nonfiscal measures in addition to cost. Two major successes of
the Responsible Purchasing Program are use of alternative fuel landscaping
services contracts and purchasing protocols for custodial supplies and services
that outline cleaning methods and products that are protective of human and
environmental health.

3.6. Waste

Austin’s ZeroWaste Initiative seeks to reduce or divert the amount of waste that
is sent to area landfills by 90% by 2040. The City is contributing to this effort
internally by colocating all-in-one recycling bins next to trash cans (labeled
“Landfill Trash”) throughout City facilities and at City-sponsored events.
Results from a waste audit before and after implementation of this colocation
effort at Austin’s City Hall revealed a 23% reduction in total daily waste
volume and a 42% increase in the daily volume of waste recycled.

In addition, the City is trying to cut down on paper use by replacing plan and
permit submittals with an electronic system. In 2007, less than 400 U.S. state
and local governments accepted electronic plans and fewer than 50 reviewed

Electric

1% CNG

<1%Propane

5%

Hybrid

4%

E85

8%

Gasoline

45%

B20

37%

FIGURE 4 City of Austin Vehicles by Fuel Type. Source: City of Austin
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plans electronically (Alliance for Building Regulatory Reform in the Digital
Age, 2007). The City’s Public Works Department is trying to increase this
number by piloting a program to convert its historically paper-based project bid
system to an electronic process. Moving to an electronic bid system is
conservatively estimated to reduce GHG emissions by 9 metric tons of CO2-eq.
per public works project.

The City is also revising its contracts to show preference for vendors who
promote product stewardship through the use of recycled content, minimized
packaging, and product take-back programs.11

4. ENGAGING THE COMMUNITY TO ACHIEVE CARBON
NEUTRALITY

The City is promoting a parallel effort within the community to promote
regional GHG reductions, building on the combination top-down, bottom-up
approach modeled by the municipal government. Support is being built from
the bottom-up through a community-driven Climate Action Plan that will
identify actions the community can take to reduce its climate impact in the
areas of energy, water, transportation, materials management, land use, and
climate preparedness. The Community Climate Action Plan, which is expected
to be finalized in early 2011, will focus on short-term and medium-term
mitigation and adaption strategies, while longer-term strategies will be incor-
porated in the City’s Comprehensive Plan, currently under development.12

From a top-down perspective, the municipal government is spearheading
a number of climate protection initiatives. This section highlights the City’s
initial efforts to help the community reduce its impact in the areas of energy,
transportation, and waste.

4.1. Energy

Building energy use comprises half of the Austin area’s carbon footprint
(Figure 2). Electricity use, rather than natural gas or other heating fuel, is the
primary driver of energy-related GHG emissions in Austin. Fortunately, Austin
owns its electric utility, giving the citizens direct control over their power source.13

11. Information about Austin’s Zero Waste Initiative is available at http://www.ci.austin.tx.us/sws/

zerowaste.htm.

12. Information about the development of the City’s comprehensive plan is available at www.ci.

austin.tx.us/compplan/default.htm.

13. Two other electric utilities provide electricity to a small portion of customers in Travis County,

which is the boundary for measuring Austin’s carbon footprint. The City of Austin does not have

influence over these utilities; therefore, this chapter focuses on efforts Austin Energy, as

a department of the City of Austin, and members of the community are undertaking to reduce their

energy-related carbon footprint.
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Austin Energy provides power through a diverse generation mix, consisting
of coal, natural gas, nuclear, and renewable energy sources. Austin Energy has
the top-performing renewable energy program in the nation, the nation’s first
and largest green building program, and is home to one of the nation’s most
comprehensive residential and commercial energy-efficiency programs. These
programs each have active roles in meeting Austin Energy’s climate protection
goals.

The contribution of electricity use to the community’s carbon footprint can
be modified through changes in customer demand for energy, Austin Energy’s
generation mix, and how efficiently Austin Energy produces and delivers power
to its customers. Austin Energy hosted a year-long public participation process
in which Austin Energy customers were invited to weigh in on how the utility
plans to reduce its GHG emissions in the first two areas (energy conservation
and renewable energy) between 2010 and 2020, which is Austin Energy’s
current planning horizon.

The year-long process culminated with the adoption of Austin Energy’s
Resource, Generation, and Climate Protection Plan.14 The plan outlines
a generation mix that will enable the utility to reduce its GHG emissions to 20%
below 2005 levels in 2020, while meeting the community’s growing energy
needs.

The proposed plan would add 1012 net MW of new capacity to Austin
Energy’s existing 2925-MW portfolio. All but 300 MW of load-balancing
natural gas generation are proposed to be carbon-neutral. Table 1 shows Austin
Energy’s current installed capacity and outlines proposed capacity additions by
energy source through 2020. This plan relies on 800 MW of peak demand
reduction through new and expanded demand side management programs and
energy code changes. This 800 MW goal exceeds the original ACPP goal by
100 MW of additional demand savings. Austin Energy responded to the pub-
lic’s request for a larger investment in energy conservation and solar and wind
energy and a reduced reliance on coal. If this plan is implemented, Austin
Energy’s renewable energy portfolio would rise from 11% in 2009 to 35% in
2020, surpassing the ACPP’s 30% renewable energy requirement. The
Resource, Generation, and Climate Protection Plan additionally raises Austin
Energy’s solar capacity goal from 100 to 200 MW. Coal’s contribution to the
utility’s resource mix would fall from 32% in 2009 to 23% in 2020. This
percent share reduction would be achieved by reducing the capacity factor15 of
Austin Energy’s jointly owned power plant to 60% from 90%e95% currently.
Reducing output at its coal plant is critical as it represents over 70% of the

14. Austin Energy’s Resource, Generation, and Climate Protection Plan is available at www.aus-

tinenergy.com/. Details about the year-long public participation process to develop the plan is

available at www.austinsmartenergy.com/.

15. Capacity factor is the energy a generating unit produces in a year divided by the total amount

of energy it could produce if it ran at maximum output.
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utility’s GHG emissions. Figure 5 shows Austin Energy’s resulting energy
portfolio in 2020, if the plan is fully implemented, compared to its 2009
portfolio.

If fully implemented, the Resource, Generation, and Climate Protection
Plan would reduce Austin Energy’s carbon footprint from 5.6 million metric
tons of CO2-eq. in 2005 to 4.5 million metric tons of CO2-eq. in 2020
(Figure 6). This 20% decrease in emissions would be achieved while meeting
the energy needs of a 30% larger population, reflecting a nearly 40% decline in
per capita GHG emissions.

4.1.1. Reducing Customer Demand for Energy

Austin Energy has avoided the need to build a 600 MW coal power plant
through energy efficiency and conservation over the past two decades. The
utility is seeking to reduce its customers’ peak demand for energy by an

TABLE 1 Austin Energy’s Proposed Generation Resources, 2009

Through 2020

Year

Coal

(MW)

Gas

(MW)

Nuclear

(MW)

Biomass

(MW)

Wind1

(MW)

Solar

(MW)

Renewable

portfolio

2009 607 1444 422 12 439 5 10.5%

2010 100 30 12.5%

2011 (77) / 200 17.7%

2012 100 22.2%

2013 150 26.2%

2014 30 26.4%

2015 200 100 28.7%

2016 50 20 31.6%

2017 (126) / 200 30 35.0%

2018 20 33.6%

2019 30 33.7%

2020 115 40 36.7%

TOTAL 607 1744 422 162 1001 205 N/A

1Notes: Values in parentheses represent wind contracts that expire.
Source: Austin Energy, Resource & Climate Protection Plan to 2020, Recommendations & Plan.
Presentation by Roger Duncan to Austin City Council, August 18, 2009, slide 15.
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additional 800 MW by 2020. From 2007 through 2009, Austin Energy has
reduced peak demand by 184 MW, which accounts for 23% of the 800 MW
goal. This reduced demand translates to 352,000 MWh of avoided energy use
and 193,200 metric tons of avoided CO2-eq.

2020 Energy Mix
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15%
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FIGURE 5 Austin Energy’s Energy Portfolio, 2009 and 2020. Source: Austin Energy, Resource &

Climate Protection Plan to 2020, Recommendations & Plan. Presentation by Roger Duncan to

Austin City Council, August 18, 2009, Slide 17.
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If the 800 MW demand savings goal is reached in 2020, 1.6 million MWh
and 499,000 metric tons of CO2-eq. could be avoided. Austin Energy’s
Energy Efficiency and Green Building programs are implementing a number
of innovative programs for new and existing buildings to achieve these
savings.

The ACPP established a goal of making all new single-family homes “zero
net energy capable” by 2015 and provided energy-efficiency targets for other
buildings within Austin.16 These goals are being achieved through local
building energy codes. With the addition of on-site renewable energy genera-
tion, a zero net energy home will use only as much energy as it generates over
the course of a year. To be energy self-sufficient, Austin has determined that
a single-family home must be 65% more efficient than a home built in Austin
prior to the first round of code changes in 2007. New homes built after April
2010, when the second round of code changes were adopted, are estimated to
be 34% more energy-efficient compared to homes built to code in 2007.
Additional code changes will be introduced in 2012 and 2015.

By 2015, other new buildings in Austin will be 75% more energy-efficient
by code than they would have been in 2007. The combined first and second
round code changes are expected to increase the overall efficiency of new
multifamily and commercial buildings by 32% compared to similar buildings
built to code in 2007.

Austin Energy seeks to reduce energy use in Austin’s existing buildings
through its demand-side management programs, which drive down citizens’
energy use during peak demand periods in the late afternoon and evening, and
through a new ordinance requiring existing buildings to receive an energy audit
within a certain timeframe or upon sale of the building. The Energy Conser-
vation Audit and Disclosure (ECAD) Ordinance took effect June 1, 2009 and
requires mandatory energy audits at the time of sale for single-family homes
and within two years of the ordinance’s effective date for commercial and
multifamily residential buildings. The intent of the ordinance is to provide
information on building energy use to prospective tenants and buyers and to
encourage energy efficiency improvements.

Single-family and multifamily homes must undergo a standardized energy
audit to assess the efficiency of the building envelope, including insulation,
ducts, air infiltration, and windows and doors. The audit also makes recom-
mendations for areas where the property’s energy efficiency could be improved
and provides information on local incentives to facilitate the upgrades. As of
December 2009, 2600 audits of single-family homes have been performed,
with over 100 properties participating in Austin Energy’s rebate programs after
completing the single-family audit. Multifamily audits are required by June
2011. Multifamily properties that exceed 150% of the average energy use per

16. This book’s Chapter 9 by Gray and Zarnikau and Chapter 17 by Rajkovich et al. cover the topic

of zero net energy capable buildings.
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square foot of multifamily properties within Austin Energy’s service territory
must reduce energy use to bring the property’s energy intensity rating to within
110% of the area average.

Commercial buildings are required to obtain an ENERGY STAR� rating
using the U.S. Environmental Protection Agency’s Portfolio Manager or
comparable tool. Portfolio Manager compares a building’s energy use to the
energy use of similar building types. A rating of 50 (out of 100) indicates that
the building uses energy more efficiently than 50% of buildings in its peer
group. Commercial building ratings have ranged from a low of 20 to a high of
95. Austin Energy is encouraging property owners to improve the operating
efficiency of their buildings to strive toward a 75 rating, which would make the
property 75% more energy-efficient than similar property types.

In addition to its energy use and emission reduction benefits, the ordinance
has been successful in creating and sustaining local green jobs. Austin Energy
has registered 184 individual auditors, representing 142 participating local
audit firms. At least a third of the auditors started in the energy audit business as
a result of the ECAD Ordinance.17

4.1.2. Ramping Up Renewable Energy Use

Austin Energy plans to obtain 35% of its energy needs from renewable
resources by 2020. A related goal seeks to expand installed solar capacity to
200 MW by 2020. Renewable energy emits no climate-forcing GHG emissions,
thereby reducing Austin Energy’s carbon footprint. If the 35% renewable
energy goal is attained through purchases or direct ownership, renewable
energy consumed by Austin Energy customers will reduce the community’s
emissions by 1.7 million metric tons of CO2-eq., or 20% below 2005 emissions,
in 2020.

Wind is the dominant renewable energy resource in Texas and comprises
95% of the total renewable energy sources brought into Austin Energy’s
system. However, wind is a variable resource that provides the greatest amount
of energy when it is least needed (overnight),18 so it does little to meet peak
demand. Additionally, wind energy supply has outpaced the state’s trans-
mission system’s ability to deliver the wind energy from sparsely populated
West Texas where the bulk of the wind farms are located to the populated
eastern portion of the state, including Austin. This relationship has caused
a bottleneck in transporting wind energy, leading Austin Energy to pay costly
congestion fees to get the wind energy to its customers.

17. The ordinance is further described at www.austinenergy.com/About%20Us/Environmental%

20Initiatives/ordinance/index.htm.

18. Austin Energy currently purchases wind power from West Texas wind farms, where the wind

blows strongest during the nighttime. However, Austin Energy is researching the feasibility of also

obtaining some of its wind power from offshore wind farms along the Gulf Coast, which could

provide a better match of wind power supply and customer demand for power during the day.
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Because of the variability and congestion issues associated with wind, as
well as concerns about being too dependent on any one resource, Austin Energy
is seeking to diversify the type and geographic location of its renewable energy
resources. The Austin City Council approved power purchase agreements from
two large, privately owned renewable energy projects in 2008. The first is
a 100 MW biomass power plant, the largest wood waste-burning power plant in
the nation. The biomass plant is expected to be online in 2012, providing base
load power to Austin Energy’s customers 24/7. A 30 MW solar photovoltaic
(PV) facility is expected to be online by the end of 2011 and will provide
energy sufficient to power about 5000 homes each year. Additional new
generation projects outlined in Austin Energy’s proposed Resource, Genera-
tion, and Climate Protection Plan will have to be approved by the Austin City
Council.

In addition to utility-scale solar applications, Austin Energy’s solar PV
rebate program is a key mechanism for achieving the utility’s 100 MW to
200 MW solar goal. From 2004 through 2009, Austin Energy solar rebate
program participants installed 4.6 MW of solar PV capacity, avoiding
11,500 MWh of “brown” energy and 5700 metric tons of CO2-eq. emissions.

The solar rebate program’s $4 million annual budget has not been able to
keep up with Austin’s skyrocketing demand for solar. Nearly 2 MW, or 40%
of the total installed capacity, was added in 2009 alone, causing the program
to lower the residential customer rebate amount from a high of $4.50 per
watt to $2.50 per watt. Commercial customers are now offered a perfor-
mance-based incentive rather than an upfront rebate. Performance-based
incentives pay customers for energy produced over a fixed time period rather
than paying for the upfront installation costs. This design ensures Austin
Energy is paying for actual renewable energy produced (and therefore
avoiding the need for fossil fuel generation), and because the incentive rate
decreases over time, production-based models can provide more sustainable
long-term funding.

The Austin City Council also recently adopted an ordinance that allows
Austin Energy to develop a property assessed solar financing mechanism.
Under this model, the City issues bonds to support solar installations, securing
a lower interest rate and helping to defray the upfront capital costs of the
system. Participating citizens then repay the amount the City borrowed on their
behalf through property tax assessments.

4.2. Transportation

Transportation energy use comprises nearly 40% of the Austin area’s carbon
footprint (Figure 2), with on-road vehicles being the biggest transportation
contributor. Figure 7 shows the breakdown of each transportation mode’s
contribution to area GHG emissions.
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The City of Austin and its regional partners are focused on reducing GHG
emissions from the transportation sector through the following methods:

l Reducing vehicle miles traveled
l Increasing the use of alternative fuels
l Discouraging idling

The remainder of this section discusses Austin’s efforts in each of these areas.

4.2.1. Reducing Vehicle Miles Traveled

The City of Austin promotes high density, mixed use, and transit-oriented
development through zoning and incentives.19 The City also partners with the
local metropolitan planning organization and air quality entities to develop and

6,322,074 Metric Tons CO
2
-eq.

Equivalent to CO2 emissions from 14.7 million barrels of oil consumed

On-Road
86%

Off-Road
2%

Air
12%

Train
<1%

FIGURE 7 Austin Area (Travis County) Transportation Carbon Footprint, 2007. Source: City of

Austin

19. Learn more about Austin’s compact, mixed-use development efforts at www.ci.austin.tx.us/

planning/tod/.
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promote alternative transportation options, such as a ride-matching service20

and transit training classes, throughout the Austin region. The local transit
authority opened the region’s first commuter rail line in March 2010, and the
City is exploring additional in-town rail options. The City also promotes a car-
share program through the allocation of a growing number of on-street parking
spaces to car-share vehicles.21

To promote nonmotorized modes of travel, the City administers a Bicycle
and Pedestrian Program that promotes walking and biking through a safe,
interconnected network of sidewalks, trails, and bicycle lanes.22 As a League of
American Bicyclists’ Bicycle Friendly Community, Austin is striving to make
Austin a “world-class bicycling city” (Austin 2009 Bicycle Plan Update, 2009).
Austin has set a goal to increase the percent of Austin commuters who bicycle
to work to 2% by 2015 and 5% by 2020, with higher targets for central city
commuters.

If the City is successful in increasing bicycle commute share to 5% in 2020,
35,000 metric tons of CO2-eq. could be avoided in each subsequent year. In
comparison, Copenhagen residents make 37% of commute trips, and 55% of
total trips, by bicycle. Table 2 lists the top 30 bicycle-friendly cities in the
developed world, as measured by the percent of trips taken by bicycle. All but
three of the top 30 are in Europe, with only one U.S. city (Davis, California)
reporting a double-digit bicycle ridership percentage.

4.2.2. Increasing the Use of Alternative Fuels
and Discouraging Idling

The City of Austin sponsors a local chapter of the U.S. Department of Energy’s
Clean Cities Program. The Clean Cities Program develops public-private
partnerships to promote fuel conservation, alternative fuels, and alternative fuel
vehicles. Locally, the program has helped spur the operation of greater than 20
alternative fuel stations and thousands of alternative fuel and hybrid-electric
fleet vehicles. The program also promotes fuel conservation through anti-idling
awareness and adoption of idle reduction technology.

4.3. Waste

City of Austin operations represent a fraction of the solid waste generated by
the community. Therefore, the City has focused its education and outreach
efforts on promoting zero waste among residents, local businesses, and other

20. The region operates a ride-matching service at www.rivercitiesrideshare.com/en-US/.

21. The car-share program Car2Go (www.car2go.com/austin/en/) currently operates in the Austin

area.

22. Learn more about Austin’s bicycle and pedestrian program at www.ci.austin.tx.us/publicworks/

ncd.htm.
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TABLE 2 Top 30 Most Bicycle-Friendly Cities

City % of Trips Taken by Bicycle

Copenhagen, Denmark 55%

Gronningen, Netherlands 55%

Greifswalk, Germany 44%

Assen, Netherlands 40%

Amsterdam, Netherlands 40%

Münster, Germany 40%

Utrecht, Netherlands 33%

Ferrara, Italy 30%

Malmö, Sweden 30%

Linköping, Sweden 30%

Västerås, Sweden 30%

Odense, Denmark 25%

Basel, Switzerland 25%

Osaka, Japan 25% (est)

Parma, Italy 25%

Bologna, Italy 20%

Oulu, Finland 20%

Rotterdam, Netherlands 20%

Berne, Switzerland 20%

Tübingen, Germany 20%

Aarhus, Denmark 20%

Tokyo, Japan 20% (est)

Pardubice, Czech Republic 18%

York, UK 18%

Dresden, Germany 17%

Munich, Germany 15%

Davis, USA 15%
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members of the community. The City of Austin incentivizes waste minimiza-
tion through a tiered rate structure for waste collection services, a free waste
reduction consulting program for local businesses, and promotion of product
stewardship. The City also offers a single-stream recycling program, which
accepts comingled recyclables with the hope that simplifying recycling will
increase recycling rates. The City further requires businesses with greater than
100 employees and multifamily complexes with greater than 100 units to
provide recycling for building occupants. The City also collects yard trimmings
and brush and composts these with treated sewage sludge to create Dillo Dirt�,
a high quality organic fertilizer. Through these programs, the City has diverted
36% of the waste it collects from area landfills.

4.4. Community Outreach and Education

A critical component to helping the community reach carbon neutrality by
2050 is promoting behavior change through education and outreach. The
primary tool available to Austin residents to help them understand the
impact their daily activities have in causing climate change is the Austin
Carbon Footprint Calculator.23 The calculator offers a number of unique
features not currently available in the majority of carbon footprint calcula-
tors. First, the calculator gives City of Austin utility customers the ability to
automatically upload electric and water utility account information and
garbage cart size. The calculator will also allow users to calculate emissions
from water and wastewater usage along with emissions from energy use,
solid waste generation, travel, and food consumption. The calculator
provides tips and links to local programs and incentives that can assist
residents in reducing their carbon footprint. A social networking component
allows residents to build online communities with common goals for
reducing GHGs.

TABLE 2 Top 30 Most Bicycle-Friendly Citiesdcont’d

City % of Trips Taken by Bicycle

Cambridge, UK 15%

Berlin, Germany 12%

Turku, Finland 11%

Source: Copenhagenize.com, “The World’s Most Bicycle Friendly Cities.” July 1, 2009.

23. The Austin Carbon Footprint Calculator is available at www.ci.austin.tx.us/acpp/co2_footprint.

htm.
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5. COMPARISON TO OTHER LOCAL GOVERNMENT
PROGRAMS

It is difficult to compare one local government to another in the area of climate
protection as they are all at different stages of development and have unique
structures and program management approaches. That said, in the United
States, ICLEI provides the most useful framework for comparison. ICLEI
advocates a five-step approach to local climate action.

1. Develop a baseline GHG emissions inventory and forecast.
2. Establish an emissions reduction target based on historical and forecasted

emissions.
3. Adopt a climate action plan to achieve the emissions reduction target.
4. Implement the climate action plan.
5. Monitor and report on climate action plan progress and reevaluate plan as

needed.

ICLEI has greater than 600 member cities in the U.S. and thousands worldwide.
A third of ICLEI’s U.S. members have completed at least the first ICLEI
climate action milestone of completing a GHG emissions inventory.24 Three-
quarters of the 200 member cities who have completed an inventory have also
established an emissions reduction target, and nearly as many have developed
climate action plans. Austin is one of 32 U.S. cities, as of November 2009, to
have begun implementing its climate action plan (ICLEI, 2009).

The remainder of this section compares Austin’s climate action approach to
other ICLEI cities for each of ICLEI’s five milestones.

5.1. Step 1dDevelop GHG Emissions Inventory

ICLEI calls for measurement of the local government’s emissions prior to
setting GHG reduction goals or outlining a plan for achieving those goals.
However, the ACPP adopted by the Austin City Council included a mix of
GHG reduction targets and implementation strategies, which were not
explicitly based on historical or projected emissions. Only after the plan was
adopted was staff allocated to conduct an emissions analysis and otherwise
implement the plan.

The City of Austin and other local governments worked with ICLEI, The
Climate Registry, the California Climate Action Registry, and the California
Air Resources Board to develop a standardized reporting protocol and verifi-
cation procedure that will enable local governments of similar size and
scope to compare their emissions using common metrics (e.g., metric tons

24. ICLEI recommends that member cities complete climate action planning for their municipal

operations and community-wide greenhouse gas emissions. However, it includes members who

have not completed any of its steps for either municipal operations or community emissions.
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CO2-eq./employee, metric tons CO2-eq./$ spent).25 Since the Local Govern-
ment Operations Protocol was adopted in 2008, many local governments,
including Austin, have used it in creating their municipal operations
inventories.26,27

5.2. Step 2dEstablish GHG Emissions Reduction Target

Most local governments (and other entities) commit to reduce their GHG
emissions to some percent below a base year’s emissions level. This model is
based on the approach taken by the Kyoto Protocol, which committed signatory
developed countries to reduce their emissions to X percent below 1990 levels.
Austin’s Climate Protection Plan is unique because its emission reduction target
is not tied to a base year (although 2007 is being used as the base year for
inventory quantification purposes). The ACPP established an emissions reduction
goal of zero CO2-eq. (a.k.a., carbon-neutral) by 2020 for the City’s operations,
and the Austin community adopted a goal of becoming carbon-neutral by 2050.
Austin’s commitment to carbon neutrality places it in a small group of committed
cities, ranging in size from Lincoln City, Oregon, a tourist-centric coastal city
with nearly 8000 residents (Haight, 2008), to Vancouver, British Columbia,
home to approximately 600,000 residents (Climate Neutral Network, 2010).28

The Carbon Disclosure Project’s survey of U.S. cities undertaking climate
action plans revealed that many cities’ reduction targets may be more symbolic
than based on actual science or understanding of an achievable target
(Carbonsense, 2008). Austin’s carbon neutrality goal aligns with these findings.
Governments at all levels find it challenging to strike a balance between
pushing the envelope to progress toward the magnitude of GHG reductions
called for by the IPCC and other scientists to protect the planet from the worst
consequences of climate change and setting targets that are realistically
achievable within the timeframe specified. The Carbon Disclosure Project
survey found that even the most aggressive emissions reduction targets called
for less than a 3% reduction per year (assuming an equivalent percentage is
achieved each year). If Austin is to make its government operations carbon-
neutral by 2020, it must halve its emissions each year between 2010 and 2020.
Even with the City obtaining 100% of its electricity (which provides two-thirds

25. However, one should not compare local governments’ carbon footprints as governments have

unique structures, scope of services, and reporting preferences.

26. California cities are required to use the Local Government Operations Protocol as it is the

method adopted by California for implementing the greenhouse gas reporting requirements of the

state’s greenhouse gas regulations.

27. The Local Government Operations Protocol can be viewed at www.icleiusa.org/programs/

climate/ghg-protocol.

28. Lincoln City has not specified the year by which it will achieve carbon neutrality. Vancouver

plans to be carbon-neutral by 2012.
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of the City’s GHG emissions) from renewable energy, a 50% reduction year
after year does not seem feasible without the use of carbon offsets.

The Austin community is dependent on the municipal government (namely
Austin Energy) to help neutralize its GHG emissions, so the community may be
challenged to meet its carbon neutrality goal. However, 2050 is a more feasible
timeline for achieving such an aggressive, but necessary, goal.

5.3. Step 3dAdopt Climate Action Plan

Austin’s climate action approach is unique in that its Climate Protection Plan
was adopted as the first step rather than the third in ICLEI’s five-step model.
ACPP staff is working with others throughout the City to develop more specific
GHG reduction targets and detailed climate protection plans for each of the
City departments and the community. These additional emissions reduction
targets and action plans are based on the departments’ and community’s carbon
footprints and a more in-depth understanding of barriers and opportunities
available to each sector of the City and the community.

Growing awareness of climate change science and the urgency of taking
action, as well as increased availability of resources such as local climate action
toolkits, best practices guides, and a network of sustainability and energy
management staff, have contributed to an increase in the number of local
governments adopting climate action plans. Figure 8 illustrates the growth in
the number of ICLEI member cities in the U.S. that have adopted climate action
plans (shown as Milestone 3 in the light blue bars) through 2009. Prior to 2000,
only a handful of cities had completed action plans. By 2005, greater than
50 cities had plans in place, and that number had more than doubled by 2009
(ICLEI, 2009).

5.4. Step 4dImplement Climate Action Plan

Austin is fortunate to have staff devoted specifically to climate protection,
municipally owned electric and water utilities, and a network of related energy
and environmental programs dispersed throughout the City. The ACPP
provides a common thread among the City’s sustainability programs. City
programs with a climate protection component include those designed to
reduce energy consumption in City facilities (Austin Energy’s Municipal
Energy Management Program) and throughout the community (Austin Ener-
gy’s energy efficiency and Green Building programs);29 promote renewable
energy development and use (Austin Energy’s GreenChoice program);30

29. Learn more about the City’s energy efficiency and green building programs at www.

austinenergy.com/energy%20Efficiency/index.htm.

30. Learn more about the City’s retail renewable energy program at www.austinenergy.com/Energy

%20Efficiency/Programs/Green%20Choice/index.htm.
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minimize water consumption (Austin Water Utility’s Water Conservation
program);31 conserve fuel and promote the use of alternative fuels (Austin
Energy’s Air Quality32 and Central Texas Clean Cities33 programs); encourage
waste reduction, reuse, and recycling (Solid Waste Services’ Zero Waste
Initiative);34 and promote environmentally responsible purchasing practices
(Purchasing Office’s Responsible Purchasing Program). These resources have
allowed the City to take on the broad array of projects and goals outlined in the
ACPP.

However, limited staff, funding, and institutional support are often cited as
primary roadblocks to the success of local government climate protection and
sustainability programs (Urban Sustainability Directors Network, 2009). Many
cities are limited to one or two staff housed out of the Mayor’s or City Man-
ager’s office and, as a result, are constrained in their ability to achieve all facets
of their climate action plans.

FIGURE 8 ICLEI Member Cities with Climate Action Plans, 1995 through 2009. Source: ICLEI,

Measuring Up, 2009, p. 54.

31. Learn more about the City water conservation program at www.ci.austin.tx.us/watercon/.

32. Learn more about the City’s air quality program at www.ci.austin.tx.us/airquality/.

33. Learn more about the City’s alternative fuels program at www.ci.austin.tx.us/cleancities/.

34. Learn more about the City’s zero waste program at http://www.ci.austin.tx.us/sws/zerowaste.htm.
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5.5. Step 5dMonitor and Report on Climate Action Plan

Few local governments are advanced enough in their climate action planning
process to be thinking about long-term monitoring and reporting on climate
protection progress. For many governments, monitoring is centralized out of
the Mayor’s or City Manager’s office. The ACPP is working with the City’s
main ITT department to develop a centralized reporting system that will
provide a user-friendly online interface. The system will be used by ACPP staff
to monitor the City’s progress in meeting its carbon neutrality goal and by
departments to assess their progress in achieving the GHG reduction goals
included in their departmental and building climate protection plans. The City
of Palo Alto has adopted a similar approach using a customized GHG reporting
software that automatically tracks electricity, natural gas, and waste data across
13 departments. Its reporting system also accepts user entered data for
commute-related and other emission sources. (Bray and Moresco, 2009)

6. LESSONS LEARNED

Implementing what some consider to be the nation’s most aggressive climate
action plan has provided countless opportunities for learning from mistakes and
successes, but this chapter focuses on five key lessons.

l Lesson #1 e You can’t put the cart before the horse. The ACPP was
adopted prior to conducting an emissions inventory of all municipal and
community GHG sources. A post-plan assessment of the City’s baseline
municipal operations GHG emissions inventory revealed the challenges
associated with achieving carbon neutrality within a 12-year (now
10-year) window.
l Electricity use represents two-thirds of the City’s municipal operations’

carbon footprint. Therefore, powering 100% of the City’s electricity
with renewable energy would eliminate the majority of the City’s carbon
footprint. However, Austin Energy has uncovered barriers to converting
the City to renewable energy, including uncertainty about the quantity
of energy actually consumed by all municipal operations (for example,
electricity used by street lights, traffic signals, and security lighting is esti-
mated, not metered) and paying for more expensive renewable energy
during a time of budget cuts.

l Transportation accounts for another quarter of the City’s carbon foot-
print. To make the City’s vehicle fleet carbon-neutral, 100% of vehicles
must be powered by electricity from renewable resources or from bio-
fuels. The City is actively phasing in electric and biofuel-capable vehi-
cles and the fueling infrastructure to support them, but it remains to be
seen whether electric vehicle technology (especially for medium- and
heavy-duty vehicles) and biofuels will mature fast enough to meet the
2020 deadline.
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l The remaining contribution from building heating, waste, water, and
refrigerants may never be made carbon-free, but offsets may be a viable
option for the relatively small remaining carbon footprint. The lesson for
Austin and others seeking carbon neutrality is that 2020 may not be the
most achievable deadline for such a technology-dependent goal.

l Lesson #2e Target practice is necessary. GHG emission reduction targets
need to be aggressive as called for by climate science, but a phased
approach may be useful for testing the waters of what magnitude of reduc-
tion is realistic given technological, fiscal, political, and other constraints
over a given time period. Using a stepped approach allows governments
to claim a “win” to bolster support for further climate action and can be
used to reevaluate future targets in light of how well the earlier target(s)
was (were) achieved. Annapolis, Maryland provides a good example for
taking steps toward carbon neutrality, with goals to reduce its emissions
to 50% below 2006 levels in 2012, 75% below 2006 levels by 2025, and
100% below 2006 levels (carbon-neutral) by 2050.

l Lesson #3 e Peer pressure is not enough. Central management and coor-
dination are paramount to institutionalizing climate protection as a core
mission of a government’s operations. So far, the ACPP has found it to
be most successful to take a top-down and bottom-up approach to carbon
management. The departmental and building climate protection plans
provide a bottom-up approach that allows departments and building
management to outline GHG mitigation strategies that work best for their
scope of services, resources, and constraints. From the top-down perspec-
tive, ACPP staff is working with the City Manager’s Office and key depart-
ments to develop or enhance City-wide policies that facilitate
implementation of the department and building climate protection plans.

l Lesson #4 e Government is only one piece of the puzzle. The City of
Austin represents a relatively large piece of the community’s carbon foot-
print given the lack of heavy industry in Austin and City ownership of
power plants, water and wastewater treatment plants, and a landfill.
However, most local governments comprise merely a fraction of the com-
munity’s total carbon footprint. While government has significant control
over setting policies that enable or support emission reductions, many of
the most far-reaching climate protection strategies need to be implemented
by individuals, businesses, and organizations in the community. Therefore,
it is critical to involve the community from the beginning to build trust and
set a collaborative tone.

l Lesson #5 eMitigation and adaptation go hand-in-hand. Laying a foun-
dation for climate preparedness does not have to mean that governments and
the communities they serve have given up on lessening the impact of
climate change. Local governments can continue to reduce GHG emissions,
while planning for how they will adapt to a locally changing climate. For
example, targeting mitigation strategies, such as residential weatherization
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and other energy efficiency upgrades, to low-income populations who
devote a larger proportion of their monthly income to utilities not only
reduces community GHG emissions, but also helps ease the burden climate
change may impose on them through increased utility bills.

CONCLUSIONS

The ACPP provides a viable model for local climate action planning. The plan
has found success by leveraging the environmentally responsible mindset of the
local community and support of other environmental sustainability programs
throughout the City. Austin is on track to meet its bold energy conservation and
renewable energy goals, and a solid foundation has been laid for institution-
alizing climate protection in the City’s operations. Austin’s challenge will now
be engaging the local and global community in a meaningful dialogue to further
reduce GHG emissions.

The beginning of this chapter outlined the stark consequences for urban
areas, which house roughly half the world’s population, if GHG emissions
continue unabated. Cities like Austin are refusing to accept this fate and instead
are tackling the problem of climate change head-on through climate protection
and sustainability planning initiatives. If all 600 plus members of the U.S.
ICLEI network achieve their climate protection goals, these local governments
will have avoided 1.4 billion metric tons of CO2-eq.dthe equivalent of shutting
down 350 coal-fired power plantsdby 2020 (ICLEI, 2009). If this climate
change mitigation effort is adopted worldwide, the results could be staggering.

Imagine a world powered with 100% renewable energy, an all-electric
vehicle fleet, and a closed-loop cycle in which the products we consume are
continually repurposed into productive reuse. Imagine a world in which all
food, all energy sources, and all products consumed by a city are produced
within 100 miles. Imagine a world where every city balances its GHG emis-
sions with native vegetation and healthy soils that store as much carbon as its
residents emit. If all cities worldwide pursue Austin’s climate protection goals,
this could be the legacy we pass on to future generations.
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1. INTRODUCTION

In the past few years, governments at a variety of scales have implemented programs
and policies aimed at creating more sustainable forms of transport, energy use,
forestry, urban planning, and agriculture. Consider the following examples:

l The city of Vauban, Germany, has begun charging residents $40,000 per
permanent parking space and prohibiting motorized transport on most of
its roads to lessen the unsustainable aspects of motorized transportation
(Rosenthal, 2009).

l In Ellensburg, Washington, in the United States, the local government
accepted hundreds of thousands of dollars of contributions from the
community to fund an array of solar panels that currently sell electricity
to the municipal utility (Coughlin and Cory, 2009).

l The Private Forest Project in Costa Rica collects a 5% tax on gasoline and
distributes the funds to encourage plantation owners and forest managers
to preserve their lands, which act as important carbon sinks (Brown and
Sovacool, 2010).

l In São Paulo, Brazil, planners built the Bandeirantes Landfill Gas to
Energy Project to capture methane and convert it into electricity used by
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400,000 homes, preventing the release of 800,000 tons of carbon dioxide
(CO2) equivalent per year (Sovacool and Brown, 2009).

l In Beijing, China, city planners wielded combined heat and power, energy
efficiency, fuel substitution programs, electric bicycles, and ring roads to
reduce greenhouse gas (GHG) emissions (Sovacool and Brown, 2009).

l In South Korea, the national government passed an aggressive stimulus
package that seeks to reinvest more than 2% of the country’s Gross
Domestic Product (GDP) into the construction of one million green homes,
research and development on low carbon energy supply, and clean transport
infrastructure and bicycle expressways (Watts, 2009).

l Israel has begun subsidizing the purchase price of Plug-in Hybrid Electric
Vehicles to make them equivalent to conventional ones and committed
$200 million to build recharging and maintenance stations throughout the
country (Erlanger, 2008).

l In Austin, Texas, city officials have launched an ambitious Climate Protec-
tion Plan aimed at achieving carbon neutrality by 2020 (see this book’s
Chapter 18 by Clymer).

These cases, and the countless others that could have been mentioned (such as
Berkeley’s “financing initiative for renewable and solar technology” [Fuller
et al., 2009], Güssing, Hungary’s plan to meet all of its energy needs from
renewable resources by 2015 [Girardet and Mendonca, 2009], or vehicle
moratorium and congestion road pricing in Singapore [Barter, 2008]) demon-
strate that communities and countries can rely on an assortment of tools and
options, in diverse sectors, to promote sustainability. Many experts also now
believe that these types of community-oriented projects may be the best short-
term options for addressing sustainability problems especially in view of the
failure of the Copenhagen summit on climate change in December 2009, utter
lack of progress in U.S. Congress, and the apparent dearth of international
interest in making any significant commitments (Sovacool and Brown, 2010;
Ostrom, 2009).

One lingering question, however, remains: what makes a particular project
or program aimed at improving sustainability successful? To answer that
question, this chapter explores the efforts of the Clinton Climate Initiative
(CCI), the corporate social responsibility of Motorola, and the proposed
publiceprivate partnership of Masdar City in the United Arab Emirates (UAE).
The chapter utilizes a three-part analytical framework for each case study,
describing each project, elaborating its benefits, and discussing its challenges.

2. CLINTON CLIMATE INITIATIVE

2.1. Description

The William J. Clinton Foundation is a nonprofit organization created in 1997
by the former U.S. President Bill Clinton, who launched the CCI in 2006. CCI
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is funded by private individuals and foundations and focuses on three strategic
program areas: cities, clean energy, and forestry.1 In August 2006 it became the
action arm of the C40 “Climate Leadership Group,” a consortium of large cities
committed to reducing GHGs.2 The organization has program staff in many of
these 40 cities (called “partner” cities).

The Cities program is the most developed to date. CCI city directors deliver
three types of capacity building:

l Technical and analytical assistance, such as information about energy tech-
nologies and market dynamics, specifications for pilot projects, and emis-
sions abatement analysis

l Project assistance, such as coordination of different industry, financial,
regulatory, and electric utility stakeholders

l Purchasing and financial assistance, such as introductions to vendors,
discounts on bulk purchases, life-cycle cost, and payback analyses (Clinton
Climate Initiative, 2009a)

CCI’s Cities program targets this assistance toward six subprograms: building
retrofits, outdoor lighting, waste management, GHG emissions measurement,
transportation, and a new program in urban development called “climate
positive.” Table 1 presents an overview of some of the program’s accom-
plishments to date in its most developed subprograms of buildings, lighting,
waste, and transportation.

The building retrofit program coordinates public and private building
owners, ESCOs, and financial institutions to undertake energy efficiency
building retrofit projects.3 CCI has signed agreements with a number of ESCOs
to increase the delivery of building retrofits through energy performance con-
tracting (EPC). The ESCOs have agreed to execute projects under a clear set
of contracting terms and conditions, including streamlined procurement,
transparency in pricing. These ESCOs contractually guarantee energy savings

1. Two other program areas, water and ports, are currently “under development.” See Clinton

Climate Initiative. (2009b). Our challenge, our work. CCI fact sheet, updated May 2, 2009.

2. The C40 cities are Addis Ababa, Ethiopia; Athens, Greece; Bangkok, Thailand; Beijing, China;

Berlin, Germany; Bogotá, Colombia; Buenos Aires, Argentina; Cairo, Egypt; Caracas, Venezuela;

Chicago, United States; Delhi, India; Dhaka, Bangladesh; Hanoi, Vietnam; Houston, United

States; Hong Kong, China; Istanbul, Turkey; Jakarta, Indonesia; Johannesburg, South Africa;

Karachi, Pakistan; Lagos, Nigeria; Lima, Peru; London, United Kingdom; Los Angeles, United

States; Madrid, Spain; Melbourne, Australia; Mexico City, Mexico; Moscow, Russia; Mumbai,

India; New York, United States; Paris, France; Philadelphia, United States; Rio de Janeiro, Brazil;

Rome, Italy; São Paulo, Brazil; Seoul, South Korea; Shanghai, China; Sydney, Australia; Tokyo,

Japan; Toronto, Canada; Warsaw, Poland.

3. An initial group of 15 cities participated in the retrofit program and offered municipal buildings

for the first round of energy retrofits in 2007: Bangkok, Berlin, Chicago, Houston, Johannesburg,

Karachi, London, Melbourne, Mexico City, New York, Rome, São Paulo, Seoul, Tokyo, and

Toronto.
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of 15%e25% per year and maximum project costs, agreeing to compensate the
building owner financially for savings shortfalls or to make additional product
retrofits at no cost to ensure that performance targets are reached.

How does the system work? Banks lend capital for the retrofitsdsometimes
enough to cover 100% of the projectdand are then repaid using the revenue
generated from the energy savings. Honeywell, Johnson Controls, Siemens, and
Trane conduct the initial energy audits, perform building retrofits, and guar-
antee the energy savings of the retrofit projects. ABN AMRO, Citi, Deutsche
Bank, JPMorgan Chase, and UBS have pledged $1 billion each to finance city
and private efforts to undertake these retrofits, with paybacks for the loans plus
interest coming from the energy savings spread across many years.

Energy savings delivered by building retrofits amplify the return on
investment of projects. In short, everyone wins: building owners get lower
energy bills, ESCOs get to implement projects, and banks get interest on their
loans. So far more than 250 building retrofits have been initiated in 30 cities on

TABLE 1 Clinton Climate Initiative Accomplishments as of February, 2010

Sub-Program Location Description

Buildings Various Retrofitted 500 million square feet of real estate in
30 cities including 300 municipal buildings in
Seoul, Johannesburg, Houston, London, and
Melbourne and commercial buildings in Bangkok,
Mumbai, Chicago, and New York

New York,
United States

Retrofitted the Empire State Building to reduce its
energy use by 15 percent

Lighting Los Angeles,
California

Replaced conventional streetlights with LED units
to reduce CO2 emissions by 40,500 tons and save
$10 million annually

Waste Delhi, India Implemented an integrated solid waste
management system covering door-to-door
collection, transportation, recycling, and
composting to prevent 96,000 tons of CO2 from
being emitted each year

Lagos,
Nigeria

Replaced open air dumps with composting,
recycling facilities, and a sanitary landfill

Transportation Various Invested in bus rapid transit systems in
Johannesburg, Mexico City, and Bogota

Various Promoted bicycle lanes in Sao Paulo and
Buenos Aires

Source: Author.
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a variety of different buildings, including municipal offices, commercial firms,
schools, universities, and public housing complexesdinvestments that might
not otherwise occur due to lack of information and transaction costs.

One such CCI project is the retrofit of the Empire State Building, which is
designed to reduce energy use by 38% and reduce CO2 emissions by 105,000
metric tons over 15 years. Another project working with the New York City
Housing Authority has installed 10,000 compact fluorescent lights to reduce
electricity costs by 17% with yearly savings of $367,000 (and a reduction of
GHG emissions by 1400 tons of CO2-equivalent per year). CCI has also formed
a purchasing alliance with major providers of energy efficient equipment,
heating and cooling products, indoor and outdoor lighting, and materials, so
that technology can be purchased at reduced cost (Clinton Climate Initiative,
2007, 2009d).

The outdoor lighting program replaces street and traffic lights with more
efficient luminaire technologies and control systems. Street lighting accounts
for about 1.3% of all electricity used globally and 5%e37% of a municipal
government’s electricity consumption and carbon footprint (Koenig, 2009).
Advanced luminaries (such as light emitting diodes [LEDs] and induction
technologies) often consume 40% less electricity than normal streetlights and
90% less than ordinary traffic lights with no reduction in performance. In Ann
Arbor, Michigan, CCI officials worked with the city to replace 100 high
pressure sodium lights with 1400 LED streetlights that resulted in energy
savings greater than 50% and payback in 4.4 years. In Oslo, Norway, CCI
planners equipped 55,000 high pressure sodium streetlights with an intelligent
control system and electronic ballasts that reduced energy consumption by 62%
(Koenig, 2009). And in Los Angeles, California, CCI worked with city planners
to replace 140,000 streetlights with LED models that will save the city $10
million annually and reduce CO2 emissions by 40,500 tons through reduced
maintenance costs and energy savings.

The waste management program assists cities in managing their waste and
sanitation systems and provides recommendations for improvement. The
program helps cities design the infrastructure, identify the technologies, and
adopt the policies to improve their waste management systems and reduce
reliance on landfills. Key areas of focus are diverting waste streams from
landfill disposal and converting waste into energy, for example by capturing
methane gas from landfills or creating biogas from organic waste. CCI works
with city planners to evaluate the city’s waste management systems, potential
technologies, and draft public tender documents. In addition, the program
teaches city planners how to recycle construction and demolition waste, and
recover commodities such as metals, glass, paper, plastic, and electronic waste
(Clinton Climate Initiative, 2009c).

CCI’s emissions measurement software, Project 2�, enables cities to track,
monitor, and report their GHG emissions. This multilingual, easy to use, common
measurement system synthesizes data on fuel and electricity consumption,
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vehicle traffic, waste production, and industrial processes, and converts them into
tons of CO2 equivalent. Once data are compiled, cities can establish a baseline of
their GHG emissions, then manage inventories, create action plans and custom-
ized reports, and share best practices. Feedback is still being collected on a trial
release of the software, so Project 2� is essentially too new to evaluate.

The transportation program promotes public transportation and nonmotor-
ized transit such as walking and cycling. The global partnership between CCI
and the Institute for Transportation and Development Policy (ITDP) focuses on
the implementation and improvement of Bus Rapid Transit (BRT) systems and
bicycle networks. Projects in cities including Johannesburg, Bogota, São Paulo,
and Mexico City are addressing route optimization, operational planning, and,
for BRT, fuel substitution. CCI also helps cities adopt proven and emerging
technologies to reduce carbon in their transportation sector. It looks at vehicles
and propulsion systems, fuel options, and fuel distribution and dispensing
infrastructure. The CCI Hybrid Bus Test Program aims to create a market for
hybrid bus technology in Latin America. Its Electric Vehicle Working Group
brings together 12 cities in the C40 network to organize a coordinated
procurement of electric vehicles by owners of public and private sector fleets.

In May 2009 CCI’s Cities program launched the Climate Positive Devel-
opment Program working in concert with the U.S. Green Building Council. It
aims to develop large-scale urban projects that are “climate positive” by having
zero or below zero GHG emissions (Clinton Climate Initiative, 2009e). The
program intends to integrate the CCI Cities subprogramsdbuilding retrofits,
outdoor lighting, waste management, carbon measurement, and transport
programsdinto a synergistic project that focuses on:

l Developing high-performance and energy-efficient buildings
l Supplying 100% renewable electricity
l Creating an interconnected transport system based on walking, bicycling,

and mass transit
l Facilitating waste streams so that everything is recycled
l Maximizing the efficiency of grey-water systems
l Optimizing environmental performance through the use of local materials
l Sequestering CO2 and closing the emissions cycle “on-site”

Sixteen communities in six continents have agreed to participate in Climate
Positive, and once completed more than one million people could live and work
in communities that have no net GHG emissions.4 Like Project 2�, however, the
Climate Positive program is still being developed.

4. These locations are: Melbourne, Australia; Palhoça, Brazil; Toronto, Canada; Victoria,

Canada; Ahmedabad, India; Jaipur, India; outside Panama City, Panama; Pretoria, South Africa;

Johannesburg, South Africa; Seoul, South Korea; Stockholm, Sweden; London, U.K.;

San Francisco, California, U.S.; and Destiny, Florida, U.S.
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CCI’s Clean Energy Program works from the premise that we must reduce
emissions from the use of fossil fuels as urgently as we must develop viable
renewable energy solutions. CCI therefore focuses on two low-carbon tech-
nologies in the power sector: Carbon Capture and Storage (CCS), which
isolates CO2 emissions from power plants and other industrial facilities, and
CSP, which harnesses the sun’s heat to run conventional turbines or engines.
Working with governments and other key stakeholders, CCI aims to deliver
large-scale demonstration projects around the world.

The CCS program adopts a “network” approach that connects multiple
capture facilities to a common pipeline and storage system sized to support
long-term, commercial-scale use. The CCS team works in strategic locations
with a concentration of emission sources and sufficient storage capacity,
helping governments anticipate and resolve a complex host of critical issues.

The Clean Energy program is also working to develop the market for CSP,
a low-emissions renewable technology with strong potential to become
a significant global energy source. Here CCI’s approach centers on a model for
solar parks in which multiple companies lower capital and construction costs
by building optimally-scaled CSP plants on a common parcel of land. CCI
works in three principal ways: cost analysis, relationship building, and strategic
planning and assessment. Projects under development in India, South Africa,
Australia, and the U.S. will demonstrate the technology and stimulate
government investment and incentives to drive down the cost of the technology.

Finally, the CCI Forestry Program (also known as the “Carbon and Poverty
Reduction Program”) focuses on improving land use practices to reduce
poverty and curb GHG emissions. It currently works with the national
governments of Cambodia, Guyana, Kenya, Indonesia, and Tanzania. The
program attempts to build capacity to protect and manage forests in these
countries to mitigate climate change, but also to ensure that local communities
still have viable sources of income.

Efforts are centered on the development of a National Carbon Accounting
System (NCAS) for forests to give developing countries “unprecedented
accounting rigor” to measure and monitor forest carbon sequestration and
emissions. CCI has convened the Carbon Measurement Collaborative,5

a network of scientists and forestry experts in carbon modeling, land use
change, and satellite imaging to design and implement the NCAS in partner
countries. CCI is equally focused on supporting both avoided deforestation and
reforestation projects. The CCI Forestry team has contributed to innovating and
validating an REDD methodology for aggregating dispersed forest communi-
ties as one entity so they are able to receive benefits from the sale of carbon

5. As of mid-2009, partners and participants in the CMC included the Australian government, the

Environmental Systems Research Institute, the U.S. National Aeronautics and Space Adminis-

tration, Intergovernmental Group on Earth Observations, Woods Hole Research Center, H. John

Heinz III Center, World Resources Institute, and the Green Belt Movement.
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credits. Facilitating project financing, design and implementation, CCI aims to
reduce poverty among forest-dependent communities by attracting financing,
providing jobs, creating new sources of revenuedand safeguarding critical
“environmental services” like protecting watersheds and preventing soil
erosion (Clinton Climate Initiative, 2009f).

2.2. Benefits

One benefit is that by overcoming initial cost and information hurdles, CCI
programs facilitate investment in energy efficiency projects that tend to save
large amounts of energy and pay for themselves quickly. The energy perfor-
mance contracting model for building retrofits is premised entirely on using
energy savings to pay the upfront cost of installing more efficient equipment.
With more than 250 projects covering over 2500 buildings initiated to date,
these projects work because 75% of a typical building’s life-cycle cost comes
from energy use and operations (a mere 11% comes from design and
construction and 14% from finance). With so much energy being used and
wasted, cost savings from retrofits can accrue rapidly. We see the same degree
of potential savings with outdoor lighting systems: Investment in LEDs,
induction systems, and better controls for streetlights and traffic lights can have
a payback of three to seven years, demonstrated most clearly with the success
of the retrofit program in Los Angeles (Koenig, 2009).

A second benefit is that by aggregating demand across cities, CCI can
negotiate lower prices with suppliers of energy efficient products and tech-
nologies in the building, lighting, waste, and transportation sectors (de Raaf,
2008). Pricing agreements with manufacturers yield discounts that help public
and private buyers by lowering the investment barriers on emerging and mature
products and technologies, which offer significant energy efficiency improve-
ment or fuel switching potential.

2.3. Challenges

Despite the progress made so far, CCI programs do face some persistent
challenges. Many cities’ programs rely on new technology that most people
remain uninformed about. The experiences of early adopters of LED lighting
systems or fuel-cell vehicles are not widely known, and some officials and
property owners can express an understandable distaste toward technologies
they have never heard of. In many cities, incentives are still misaligned against
energy efficiency because lenders are unfamiliar with energy service providers
and/or their technologies, because of the principal agent problem involving
landlords and tenants, or because people remain unsure about how to calculate
the expected revenue from potential energy savings. Others have limited
budgets for energy efficiency projects, or may need to spend scarce time and
resources on other more pressing matters (Koenig, 2009). In essence, while the
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CCI shows immense promise, it is too early to tell if it can make a lasting
impact toward reducing GHG emissions (its primary goal) and improving
sustainability.

3. MOTOROLA AND CLIMATE CHANGE

3.1. Description

Paul and Joseph Galvin founded Galvin Manufacturing Corporation in 1928
and renamed it Motorola Incorporated in 1947 after becoming known for their
brand name radio products. Motorola has a colorful history of invention,
including pioneering in-car radios and public-safety radios and inventing the
world’s first FM portable two-way radio and commercial portable cellular
telephone. Motorola is now one of the world’s largest manufacturers of mobile
phones, digital video systems and monitors, and cable modems and Internet-
related infrastructure. In 2008, Motorola employed more than 60,000 people
and reported sales of $30.1 billion, 49% of which were concentrated in one
market, the United States (Motorola, 2009). Motorola has more than 27,500
suppliers, spending $19.2 billion with suppliers from 126 countries in 2008.
Driven largely by need to distinguish itself from its competitors, Motorola
began utilizing its considerable influence as a corporation in 2002 to reduce its
environmental impact through a variety of different mechanisms, including
pledged emissions reductions, improved energy management, product stan-
dards, LEED certification, and corporate social responsibility.

For example, Motorola voluntary joined the Chicago Climate Exchange
(CCX) as a founding member (and the first global member). The CCX is the
only legally binding GHG reduction and trading system in North America, with
global affiliates and projects worldwide. Corporations that choose to join the
exchange commit to reducing their GHG emissions 6% by 2010 over a year
2000 baseline, and in early 2009 CCX had more than 350 corporate members
including Ford and DuPont as well as municipalities such as Chicago, Illinois,
and Oakland, California. As part of this commitment, Motorola submits annual
emissions reports to be audited and verified by the Financial Industry Regu-
latory Authority; if they do not meet their targets they are required to purchase
CCX credits to offset the difference.

As a way to meet these commitments and save money at the same time,
Motorola has implemented a robust energy efficiency strategy at all of its
facilities. Motorola has tasked energy managers at each of its facilities to
improve controls for heating and air-conditioning, and also install motion
sensors to automatically turn off lights in unoccupied rooms. Managers have
shifted cleaning and maintenance to occur during the day coincident with
normal working hours (rather than at night) to eliminate excess energy
consumption. Managers have also installed more energy-efficient lighting and
office equipment, and have consolidated data centers to save electricity usage.
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Motorola also purchases renewable energy to offset some of the fossil-fuel
based electricity the corporation uses. In 2009, for example, 15% of the elec-
tricity needed to power Motorola’s global fleet of factories, facilities, and
offices came from renewable resources (achieved predominately through the
purchase of certified renewable energy credits), and its goal is to reach 20% by
2010 and 30% by 2020. Part of Motorola’s efforts to promote energy efficiency
focus on making employees aware of corporate environmental targets and
highlighting best practices through newsletters, on-site posters, and curriculum
programs on how to reduce energy use at work and at home (Motorola, 2009).

Another way Motorola minimizes its environmental impact is through the
use of product standards and product design. All Motorola phones have
a recyclability target of 65%, meaning more than half of the components and
materials from these phones can be easily reused in other devices. Since 2000,
the company has reduced the average standby power of its mobile phone
chargers by at least 70%, and Motorola started a program in 2008 that has
collected and recycled 2560 tons of modems, routers, and phones (Motorola,
2008). Motorola is also careful with the materials it uses. Two materials of
concern used in cell phones and other electronics are polyvinyl chloride (PVC)
and brominated flame retardants (BFR). More than 50 different types of phones
in the current Motorola catalog currently have BFR-free circuit boards and the
company intends to eliminate PVC and BFRs from all new designs of mobile
phones introduced after 2010 (Motorola, 2008).

Improvements in product design have made a notable difference. As one
example, Motorola now manufactures the MOTO� W233 Renew mobile
phone made from recycled post-consumer plastic water cooler bottles that it
also certifies as “carbon neutral” through the purchase of carbon offsets. The
Renew represents a synthesis of different efforts to improve design and reduce
pollution, starting with how the phone is made and shipped to how it is used and
disposed of. Motorola manufactures the phone’s casing from ground-up water
cooler bottles and other plastics taken from landfills that are then combined
with a unique polycarbonate plastic feedstock that took four years to develop.
The phone is unpainted to aid in recycling, shipped in an efficient package one-
fifth the size of similar phones, and its manual and packaging utilizes 100%
post-consumer recycled paper with vegetable-based inks.

In the U.S., the Renew phone has a battery capable of nine hours talk time,
enabled by a standby mode of only 0.1 watts to save energy. The phone is
shipped with a postage-paid recycling envelope so consumers can return their
previous mobile phone to Motorola free-of-charge to be recycled. To further
assist in the recycling and refurbishing effort, Renew contains no PVC or nickel
and can be disassembled into separate battery, housing, motherboard, and
display in less than ten seconds. Lastly, Renew is the first phone on the market
to be certified CarbonFree�. That is, Motorola offsets all of the equivalent CO2

emitted from materials extraction, manufacturing, distribution, and operation
of the phone by investing in renewable energy and reforestation (Reuters News
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Service, 2009). These offsets, which mostly occur from a landfill capture plant
in Massachusetts and reforestation of native hardwoods forests in Louisiana,
are independently verified by Carbonfund.org� and were chosen based on
recommendations from the Environmental Defense Fund.

Apart from improving energy use at existing buildings and making
manufacturing processes and products more sustainable, Motorola also uses
LEED certification to make new buildings and facilities more environmentally
friendly. The company’s new manufacturing facility in Sriperumbudur, India,
near the urban center of Chennai, has achieved a “silver” rating from LEED and
has a rainwater harvesting and collection system that stores 10 million liters of
water and recharges an underground aquifer. The facility uses an ultra-efficient
heating, ventilation, and air-conditioning system and reuses treated sewage
from a local plant for toilets and to water outdoor vegetation. Lastly, more than
three-quarters of the construction waste produced by the building were reused
in the actual building as scaffolding and raw material. This was the first
manufacturing facility to be LEED certified in India.

Finally, Motorola funnels some of its profits back into corporate social
responsibility programs that center on renewable energy and energy security. In
2007, Motorola worked with MTC Namibia, Namibia’s cellular telephone
service provider, and the GSMADevelopment Fund, a development fund set up
by the telecommunications industry, to install a small-scale 6 kW wind-
powered and 5 kW solar-powered cellular stations in rural Namibia, where
more than 90% of communities have no access to electricity. Motorola is
installing hydrogen-powered fuel cells to back up the public safety network in
Denmark (SINE) to provide continuous, secure communication to mission-
critical operations across 450 radio stations. These fuel cells displaced diesel
generators, which were more polluting and noisy, took longer to start, and
required more maintenance. Operators estimate that they will produce net gains
of $1e2 million per year for SINE.

3.2. Benefits

The most significant benefit fromMotorola’s combined efforts to cut emissions,
improve energy efficiency, and develop more sustainable products has been
drastic reductions in energy use. In 2008, actual data covering 78% of total
manufacturing floor space (and estimated for the remaining 22% of space)
indicated that Motorola used 955 million kWh of electricity and natural gas,
a 21% decrease from the 1207 million kWh in 2005 (Figure 1). A related
advantage from using less energy is a cleaner environment from reduced GHG
emissions. The total carbon footprint for GHGs under the Kyoto Protocol for
Motorola in 2005 was 672,000 metric tons of carbon equivalent, but it dropped
20% to 532,000 tons in 2008. Put another way, the amount of total GHGs
emitted by Motorola in 2008 was 17.6 metric tons of CO2 equivalent per
million dollars of sales.
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A secondary benefit from these improvements in environmental perfor-
mance has been the company’s international recognition and improved public
image. In 2009 the U.S. Environmental Protection Agency named Motorola
a Green Power Leader for purchasing 20% of its U.S.-based electricity (about
78 million kWh) from wind power. The Dow Jones Sustainability Index has
named Motorola every year since 2003, and the company has been included in
Corporate Responsibility Officer magazine’s 100 Best Corporate Citizens nine
times since 2000, earning fifth place among all of these corporations in the
“environment category” for 2009.

3.3. Challenges

While some of Motorola’s products are more environmentally responsible than
previous versions, and less environmentally damaging than the products of their
competitors, many modern telecommunications devices contain potentially
hazardous substances, such as PVC and BFRs, that can seep into water supplies
or leach into landfills if improperly discarded. These devices also rely on
electricity, usually provided from centralized fossil-fueled power stations, in
order to operate.

For example, a December 2008 survey of the best “green” phones on the
marketdpublished prior to the January 2009 launch of the MOTO� W233
Renew mobile phonedfound that the best designed products, including those
from Motorola, still had a serious negative environmental impact. The survey
ranked mobile telephones according to four criteria:

l The use of hazardous chemical substances, including PVC and BFRs but
also antimony, phthalates, beryllium, and other toxic components

l Power consumption of the products, assessed by comparing them with the
most up-to-date ENERGY STAR� efficiency standards
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l Product life cycle, including criteria such as recyclability rate, use of
recycled plastic in the product, long warranty periods, and good take-back
programs

l Availability of data that enable rigorous life-cycle assessments of the energy
required to manufacture and use the product

Interestingly, the three best phonesdmodels from Samsung, Motorola, and
Nokia, respectivelydall scored less than six points, a few tenths past the
halfway mark (Rautner and Harrell, 2008). The lesson here appears to be that
there is significant opportunity to improve the sustainability of modern elec-
tronic devices, including mobile phones.

To extend sales and maximize profits, Motorola is constantly improving its
products. Motorola is self-admittedly focused on making people more mobile,
placing a premium on mobility and thus the energy consumption facilitating it.
Motorola also ceaselessly conducts research to make its products more inno-
vative, something that can be favorable when a Renew phone results but
unfavorable if consumers continually purchase new products not when they
wear out, but when they no longer are fashionable or contain the latest tech-
nology. In this way, Motorola revises its products partially in response to
consumer needs, but also partially in an attempt to shape them. It remains
driven predominately by the desire to increase profits and returns with
sustainability as a laudable but peripheral goal, rather than placing sustain-
ability at the forefront and profits second.

4. MASDAR CITY

4.1. Description

Masdar City, meaning “the source” in Arabic, is a proposed city in Abu Dhabi,
UAE, designed to be completely carbon and waste neutral. The city is currently
under construction and set to be completed in 2016, and it is being built
17 kilometers from the city of Abu Dhabi and near the Abu Dhabi International
Airport (Masdar City, 2009). Current estimates are that Masdar City will cost
about $22 billion to complete and will take 8 years to build, the end product
being a self-contained city covering 6 square kilometers of reclaimed desert
land (depicted in Figure 2) that will eventually be home to 50,000 people and
1500 businesses, along with the infrastructure needed to accommodate a total
of 70,000 jobs (including commuters) (Electricity Journal, 2009). The project
is divided into the five distinct components presented in Table 2, including an
industries unit that will invest in local and global renewable energy systems and
a university that will train students in sustainability and renewable energy
(Reiche, 2010).

Masdar City is also set to be the headquarters of the new International
Renewable Energy Agency (IRENA), founded in late 2008, after officials in
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FIGURE 2 Artist Depiction of Masdar City1

1Source: Masdar City, “About Masdar City,” http://www.masdaruae.com/en/home/index.aspx,

accessed December 2009. Source: Masdar City.

TABLE 2 Different Components of the Masdar City Initiative

Masdar City Units Function

Carbon Management
Unit

To develop projects within Masdar City that
generate carbon credits that can be sold under
the Clean Development Mechanism of the Kyoto
Protocol

Industries Unit To invest both locally and globally in renewable
energy systems

Masdar Institute
of Science and
Technology

To offer advanced graduate degrees focused on
the science and engineering of advanced
renewable energy systems and sustainable
technologies

Property
Development

To build the actual carbon-neutral, zero-waste
Masdar City

Utilities and Asset
Management

To raise money and make investments in
technologies that will enable the city to run
efficiently and with no net carbon emissions

Source: Author.
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Abu Dhabi pledged to give IRENA office space free of charge and an additional
$185 million in donations to help get the agency off the ground. Masdar City is
being promoted predominately by the government of Abu Dhabi, and not
independent or private commercial firms, through the Abu Dhabi Future Energy
Company, a seed capital fund owned by the Mubadala Development Company.
Construction is currently managed by CH2M Hill.

4.2. Benefits

If Masdar City is built as planned, it promises to have five benefits over other
cities:

l First is its predilection for sustainable design. Current plans call for automo-
biles to be banned within the city, with walking encouraged for short-
distance travel and reliance on public mass transit and personal rapid transit
systems for longer distances. Architects and engineers also intend to use
numerous features of passive design to reduce the city’s energy consump-
tion by 75% compared to other cities of comparable size (Fortson, 2009).
These include a perimeter city wall that will act as barrier against hot desert
winds, shade streets, and facilitate the movement of cooler breezes
throughout the city; narrower streets oriented to shield the sun and act as
funnels for the wind; shallow pools of water that cool the air through evap-
oration; and wind towers that push cooler air toward the ground and act as
“natural air-conditioners.” (Electricity Journal, 2009).

l Second are its proposed sources of energy and electricity supply, which are
all intended to be low-carbon and renewable. A 60 MW solar power plant
currently being built by Conergy is to supply all electricity during construc-
tion. One innovative aspect of this facility is that the roof is being built first
so that the solar collectors can start producing energy needed to complete
the rest of the building before then offering power to construction teams
spread across the city (Nader, 2009). This centralized solar plant is to be fol-
lowed by 130 MWof distributed solar panels, integrated into buildings and
hung over alleys where they will double as sun shades to keep temperatures
low. Such solar sources of energy are to be supplemented with a 20 MW
wind farm installed outside the city wall and a small geothermal power
station.

l Third, it is to be designed to maximize the use of resources such as water
and minimize the production of waste. A $50 million solar powered desali-
nation plant is to create most of the city’s water, 80% of which is to be
recycled, with even grey water being reused to irrigate crops and water
green spaces and gardens. The City also aims to be zero waste, relying on
digestion to convert biological wastes into soil and fertilizer, incineration
to convert solid wastes into electricity, and recycling to convert plastics
and metals into usable products.
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l Fourth, it is to use the sale of carbon credits to partly finance local opera-
tions. A very small proportion of the City’s operating costs are to be funded
by the sale of carbon credits under the Clean Development Mechanism of
the Kyoto Protocol. Planners currently expect Masdar City to produce
about one million carbon credits per year when operational in 2016,
enough to create $30 million in annual revenues at today’s prices (Fortson,
2009).

l Fifth and lastly, Masdar City is to host another grand scheme in Abu Dhabi
to build one of the world’s largest carbon capture and storage systems, able
to capture about 6.5 million tons of CO2 from power plants and industrial
facilities nearby by 2013. The captured CO2 is to be transported and injected
into oil reservoirs near Abu Dhabi for enhanced oil recovery (Masdar City,
2009).

4.3. Challenges

Notwithstanding these benefits, Masdar City does face serious challenges. By
far the greatest challenge is that very little of the project has actually been built.
One reporter that recently visited the construction site noted that all they could
see were “a few tractors and a pair of cranes.” (Masdar City, 2009) Nothing else
yet exists, meaning many of the city’s most impressive attributes remain on
paper only, and accomplishing them will depend on future variables (Reiche,
2010).

Another challenge is related to the replicability of Masdar City in other
areas of the world. One key difference between the political environment in
Abu Dhabi and democratic countries is that it is run by appointed emirate
rulers. These rulers, along with a Federal National Council, exert complete
control over the political system. Political parties and other institutions asso-
ciated with politics are completely banned (Reiche, 2010). The implication
may be that a project such as Masdar City works only where authorities are able
to fully exert their control without the interference from other groupsdor
concerns about commercial feasibility, payback periods, and issues that often
plague similar developments elsewhere.

Yet another issue is the very carbon- and energy-intensive environment
throughout Abu Dhabi and the UAE that surround Masdar City. Per-capita
CO2 emissions in Abu Dhabi are much higher than the United StatesdAbu
Dhabi emits about 30 metric tons of CO2 per person compared to 19 metric
tons per person in the United Statesddespite the lack of industry and little
need for transportation; and the environmental per capita footprint for Abu
Dhabi is the worst in the world. That is, residents of the UAE consume more
natural resources than anybody else on Earth, even more than those residing
in the United States, Europe, or Kuwait (Landais, 2008). As soon as one
departs from the yet-to-be-completed Masdar City, noted one editorial, they
will likely be “back to the real world of big SUVs driving around aimlessly
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on cheap oil, high rises, and megamalls chilled with humming air-
conditioning in the desert sun” (Electricity Journal, 2009). Connecting
Masdar City to the rest of the country, moreover, will not be as sustainable as
it seems; food will still need to be imported and large car parks are being
planned for outside the city for the droves of tourists and residents that want
to visit (Fortson, 2009). There is also some concern that the revenues raised
from the city, if it ever does turn a profit, will be funnelled back into fossil
fuels. Abu Dhabi, for example, receives 70% of its GDP from oil and the
emirate owns 95% of the UAE’s proven oil reserves (Reiche, 2010).

The global financial downturn is also already curtailing investment in the
project. If populated as expected, the city will cost about $440,000 for every
resident that lives within its wallsdmaking it exceptionally expensive. The
City still needed about $18 billion of future investment as of 2009 yet currency
devaluation and financial speculation have made raising that amount close to
impossible (Fortson, 2009). There is a tendency for many investors to view
Masdar City as more of an “expensive experiment” or “white elephant” instead
of a real revenue earning project, contributing to reluctance among financiers to
fully embrace it (Reiche, 2010).

Moreover, it is uncertain whether the government can attract the 40,000
people expected to live within the city. Will most of these come from the United
States and Europe, and what jobs will be offered other than those at the Masdar
Institute for Science and Technology? With apparent difficulties associated
with securing working contracts for expatriates, and the lack of environmental
awareness among the indigenous population, the City may not be able to
convince enough people to actually move there and call it their home (Reiche,
2010).

Taken collectively, these barriers may mean that Masdar City looks fantastic
on paper but will be difficult or even impossible to duplicate.

CONCLUSIONS

Four useful lessons may be drawn from these case studies. First, cooperation
between governments, civil society, and the private sector can be an elemental
component of promoting sustainability, with each of these case studies showing
the importance of multiple actors working together at multiple scales and
levels. The CCI shows us that targeted action is needed to overcome split
incentives in the market, provide information and knowledge, measure emis-
sions credibly, and connect lenders and manufacturers with political leaders in
order to address the major sources of GHGs. By operating at a nexus of
business, politics, lenders, and experts, CCI is able to bring together the
necessary actors to advance projects with supportable business plans and
sustainable financing mechanisms that can serve as scalable models for others
to follow. Motorola’s efforts have enrolled not only corporate leaders,
employees, and factories, but also the corporation’s vast network of suppliers.
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Far from being alone, many other commercial firms are also beginning to
promote energy efficiency and sustainability, as documented in this book’s
Chapter 11 by Prindle on commercial energy use. Although it may be too early
to tell for Masdar City, since that project is only in its nascent stages of
development, if completed it would demonstrate the utility of relying on
a network of venture capital firms and government-owned companies to build
a sustainable city from the ground up.

Second, creating more sustainable forms of transport, agriculture, forestry,
and energy supply can result in economic gains. The CCI has leveraged
$5 billion in energy efficiency funding that will likely provide a return on
investment many times over. The simplest lesson from Motorola appears to be
that one can manufacture products that are truly better for the environment and
profitable at the same time. Masdar City plans to use the proceeds from selling
carbon credits on the global market to offset a small amount of the city’s
operational expenses.

Third, each case study has had to confront at times tenacious challenges.
CCI’s programs have had to overcome lack of knowledge about energy effi-
ciency practices and technologies, split incentives, the first-cost hurdle, and
a misalignment of government incentives. Put another way, energy efficiency
efforts have had to swim upstream against other policies and incentives that
often encourage economic growth and increased energy consumption. Motor-
ola has taken great strides in making its manufacturing facilities, processes, and
products less harmful to the environment and climate, but still relies on toxic
substances and GHG-intensive supply chains. As a corporation responsible to
its board of directors and shareholders, Motorola is also required to emphasize
profits and corporate growth above sustainability. Masdar City faces perhaps
the most serious obstacles. Very little of it has been built as of 2010, the UAE
remains a carbon-intensive and energy-intensive country, the global financial
crisis is turning away lenders and investors, and it remains uncertain whether
the City can attract enough professionals and residents.

Fourth, although each case study has its own unique set of problems, they
also relied on a multitude of mechanisms and programs simultaneously to
overcome impediments and realize benefits. Masdar City, if it does work as
planned, would underlie the importance of integrating city planning, passive
design, energy supply, transport, water, and recycling efforts so that the entire
community is zero-carbon and zero-waste. CCI’s programs involve not only
building retrofits and lighting systems but also waste management, trans-
portation, concentrating solar power, carbon capture and storage, and forestry..
Motorola’s efforts have similarly focused on a variety of areas simultaneously,
from implementing corporate-wide energy efficiency practices and pledging
GHG reduction commitments to devising innovative products that have fewer
hazardous substances and a greater number of recyclable components. In the
end, these case studies show that actors can promote sustainability through
a variety of channels, with a net gain to people and the planet.
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Epilogue

Can We Get There from Here?

Fereidoon P. Sioshansi
Menlo Energy Economics

The contributors to this volume have done an admirable job in addressing the
main theme of the book, namely can we have our cake and eat it too? Can we
meet the basic energy requirements of a growing global population with rising
aspirations for higher andmore equitable living standards in a sustainable way?
This, as further examined in the various chapters, is a tall order. We are not
talking about a continuation of the status quo, where a fraction of the world’s
inhabitants enjoy high living standardsdand use a disproportionately large
percentage of global natural resources including energydwhile the rest await
their turn.

Contributing authors have different views and take different perspectives.
Not surprisingly, they come up with different solutions on how we should
proceed. As editor, I have encouraged this diversity of opinion. Consequently, it
is not easy to summarize the overall message of the book but at the expense of
over-simplification I offer the following as my personal take on their collective
wisdom and insights:

l First is the realization that the status quo does not appear to be sustainableda
view shared by many.

l Second is the recognition of the sheer enormity and scale of the
problemdnamely the many adjustments, large and small, that have to be
made to move toward a more sustainable future path.

l Third is that despite the daunting challenges, there are many degrees of
freedom, many opportunities, and many ways in which we can influence
the outcomedif we choose wisely, if we act, and if we persevere.

Making appropriate adjustments in the supply side of the energy equation is
enormously important and must be pursued with vigor. But I am personally
convinced that the demand-side offers more rewarding opportunities, a theme
frequently repeated in the book. In this context, I am convinced that incre-
mental adjustments will not suffice; we need to make bold, radical changesd
one step at a time. This requires asking what we use energy for, why we use so
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much energy, and how we can use energy more sparingly. There are enormous
opportunities to achieve far morewith far less, and thatdat least for medis the
main message of the book.

A Chinese proverb says that a journey of 5000 miles begins with a single
step. It is time to begin the long journey toward a more just, equitable, and
sustainable future.
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NYSERDA programs. See New York State

Energy Research and

Development Authority programs

O
Obama, Barack, 245

Occupant Energy Index (OEI), 317

589Index



OECD. See Organisation for Economic
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projections for

global, 4F
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prosperity index, 21f

national differences in, 20, 21

needs theories and, 64

in Switzerland, 20, 21

water consumption and, 17
Steiner, Christopher, 28

Stern, Paul C., 69

Stiglitz, Joseph, 20, 93

Stockholm Environmental Institute, 55

Structural Adjustment Packages, 124

Subsidies. See Energy subsidies

Sulfur hexafluoride, 523

Sustainability

abatement measures for, 156f

in China, energy dilemma for, 447

climate change and, 137

under Clinton Climate Initiative,

552e558
consumer habits and lifestyles and, 139

of consumer-capitalist societies, 121e122

with alternative energy technologies,

125

for developing nations, 122

for economic equity, 123e125

economic growth and, 122

global oil supplies and, 121

income levels and, 122

limits to growth arguments in, 123

population growth and, 121

standards of living and, 122

timber use and, 121

transnational investment and, 124

under Copenhagen Conference, 160e161
definition of, 139e140

development of, as concept, 137

economic markets and, 139

in energy policy and planning, 51

gas prices as influence on, 29

global parameters for, 70

historical analysis of, 146

EU investment and, 149

growth of savings plans and, 149

during Industrial Revolution, 146

Marshall Plan, 146e147
personal sacrifices and, 152e153

international cooperation for, 138

as lifestyle, 24e28

energy consumption and, 143e146

national wealth as factor for, 144

in new paradigms for, 155

personal automobiles and, 145

positional goods and, 145f

in UK, 144

under Marshall Plan, 146e147

economic aid as part of, 147

EU influences on, 147e149, 150

foreign exchange under, 147

government spending reductions under,

147, 148t

political inspiration for, 148

savings plans under, 152

new resources and, 141e143
paradigms for, 137, 138

under BAU scenario, 154

external costs, 156

household financing as part of, 158

investment levels, 153e158, 161

lifestyle and behavior changes, 155

new technology investment in, 155

political feasibility of, 159e160
target scenarios in, 157t

taxation in, 159

world primary energy demand in,

154f

Pigouvian tax and, 141

pricing variables and, 139e141

in economic theory, 141

fossil fuel pricing and, 140

investment programs for, 140

price parity concept and, 140

RPS, 141

socially optimal allocation for, 137

support schemes and, 141e143

Pigouvian tax, 141e143

taxation policies, 142

of 2000-Watt Society, 143f

in UK, 143e146
Sweden

CO2 emissions, 96f

noncarboniferous fuel usage in, 189
Swiss Federal Institute of Technology

(SFOE), 483

2000-Watt Society, context for, 480
Switzerland

emission levels in, trading schemes for,

180

energy consumption in, 24

US v., 21, 22, 23

green buildings in, 244

noncarboniferous fuel usage in, 189

outsourced emission levels, 172

standards of living in, 20, 21

2000-Watt Society, 478, 482e483

594 Index



in Basel region, 490e491

CO2 emission strategy, 482e483

CO2 emissions and, 495

core objectives of, 492

in developing nations, 495

in EU, 493

in Geneva region, 491e492

international impact of, 492

long-term goals of, 492e493

in North America, 494

primary energy as part of, 495

under SFOE guidelines, 483

success of, 483

sustainability of, 479f

vision for, 478e480
White Book, 484

in Zurich region, 491

White Book, 483e484

end-use technologies, 487

energy consumption and, 484e485

energy efficiency potential, 485e487

T
Talbott, S., 153

Tariffs. See Feed-In Tariffs; Fixed energy

tariffs

Taxation

energy consumption and, 8

for energy efficiency, in building, 218t

for new home construction, 261

Pigouvian tax, 141

reduced energy usage and, as influence on,

180

sustainability and, 142

Pigouvian tax, 141e143,

in sustainability paradigms, 159

for transportation, energy use and, 111
Telecommuting, 14

Terrorism

energy policy and planning objectives

influenced by, 48

energy security and, 49
TGC. See Trading of Green Certificates

Thatcher, Margaret, 145

Thermal power plants, energy consumption

in, 16

“Thick value” creation, 196

Toll roads, 13

Total resource cost (TRC) test, 501

Toyota, energy efficiency strategies for,

323e325

Eco-factory, 325f

Kaizen culture and, 324
Toyota Prius, 181

Trading of Green Certificates (TGC), 113,
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investment benefits of, 254
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on-site conservation, 245
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