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Foreword by ADA

ADA is a nongovernmental organization approved and cofinanced by the Lux-
embourg Directorate for Development Cooperation and Humanitarian Affairs and is
placed under the High Patronage of Her Royal Highness the Grand Duchess Maria
Teresa.

Over the past 20 years, ADA has been dedicated to building and catalyzing the
financial inclusion of populations excluded from conventional banking channels in
developing countries. ADA empowers microfinance institutions and networks, and
helps them obtain funding for sustainable growth through the Luxembourg
Microfinance and Development Fund. It also supports them through specific
technical assistance projects enhancing human resources and capacity building
through the implementation of management tools. Convinced that the development
of healthy local financial institutions is essential to the success of any sustainable
development strategy, ADA offers its know-how to individual States and collabo-
rates with them to support their inclusive finance expansion strategy. ADA makes
available its expertise in areas including youth financial inclusion, access to green
energy through microfinance, microinsurance, and linking remittances to savings
for migrants.

Research and innovation are of the founding blocks for the definition of ADA’s
activities. The provision of adapted financial services to underserved populations
requires research on the one hand in order to understand markets and document
unknown practices, and development or innovation on the other hand to resolve
problems and propose solutions responding to people with unsatisfied needs. This
means targeting excluded populations, understanding their context, and helping
institutions design financial products that have greater impact by enabling popu-
lations to achieve their own development objectives and improve their quality of
life. ADA strongly believes financial inclusion is a means and not an end in itself.
Therefore, if vulnerable populations need better energy services, which should be
clean, renewable, efficient, and affordable, access to financial services providing
them with the opportunity to acquire the equipment, the technology, or the technical
assistance required for this purpose, should be provided. In this sense, ADA
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believes that it can contribute to poverty alleviation and autonomous development
through financial inclusion.

Reverse innovation or trickle-up innovation are terms referring to any innovation
that is adopted first in the developing world. ADA believes this is an eye-catching
field for applied research. The processes for developing and marketing goods and
services arising from grassroots ingenuity are subject to become more inclusive as
they are relevant to markets lower down the pyramid. We applaud and thank BREG
and MES for their Symposium and for choosing to focus it on Innovating Energy
Access for Remote Areas and discovering untapped resources. We strongly believe
this approach is critical for improving peoples’ living conditions and advancing
inclusive and sustainable development in the developing world.

ADA’s research and development activities focus on establishing the link
between scientific research and practical experiences in the financial inclusion
sector. This frequently entail, bringing private and public actors together to share
experiences and learn from each other. The MES and BREG Symposium in
Berkeley have strongly contributed to these efforts.

We were delighted to have the opportunity to share our experience in linking
access to finance with access to energy with participants and for having the
opportunity to have a first-hand account to research findings. We congratulate
researchers for their insightful papers and encourage microfinance experts and other
financial industry providers to take into account the technical solutions presented as
investment opportunities. ADA will be happy to continue its collaboration with
BREG and MES in the future and will also encourage, young as well as experi-
enced researchers to continue their good work. Their contribution is fundamental
for capacity building purposes, for the professionalization of the microfinance
sector and for advancing inclusive innovation.

Olivier Massart
ADA, Operations Director

Juana Ramirez
ADA, Research and Development Project Officer

ADA asbl, 39 rue Glesener
L-1631 Luxembourg

Tel.: +352 45 68 68–1, Fax +352 45686868
adainfo@microfinance.lu, www.adamicrofinance.lu

Inclusive Finance. Increasing Autonomy. Improving Lives.
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Preface by Microenergy Systems
Research Group

In 2001, at the Technische Universität Berlin Institute for Energy Technology, two
young researchers, Noara Kebir and Daniel Philipp, traveled to Bangladesh to
explore a seemingly simple question: How is it possible that in a country like
Bangladesh solar energy is implemented on a sustainable basis, whereas in Germany
it is considered a mere fancy dream? Intrigued by the example of Grameen Shakti,
which since its founding in 1996 continues to successfully expand the dissemination
of solar home systems in rural areas of Bangladesh, they founded a new research
focus at their University, which they named Microenergy Systems (MES).

Microenergy systems can be defined as decentralized energy systems based on
small energy appliances, which provide households, small businesses or farms with
locally generated energy, enabling a spatial link between energy demand, supply
and generation. The systems provide solutions for single households or micro-
enterprises (e.g., solar home systems, irrigation pumps, biogas plants) as well as
technologies for several interconnected households or communities (e.g., mini-
grids). In recent years there have been growing expectations that microenergy
systems can play an important role in shifting energy policy as well as creating
co-benefits where development goals (e.g., reducing poverty) are combined with
climate mitigation and adaptation actions.

A systemic perspective on microenergy systems stresses the need for a holistic
and rigorous interdisciplinary research methodology, including feasibility analysis,
product development, manufacturing, planning, implementation, servicing, and use
of decentralized energy systems, combining different perspectives stretching from
end-users to policy decision-makers. Therefore, the term “Microenergy System”
refers to a broader understanding of the respective technical artifact in interrelation
with its natural conditions, social context, economical system, organizational
structures, and political framework. The introduced research concept is demand-
driven and deduced from practical needs rather than a product of pure theoretical
consideration, and consequently exists outside the purview of any individual
discipline.
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We find that there is a strong need to consolidate the knowledge accumulated in
the various overlapping fields of research focused on such solutions, through reg-
ular exchange as well as through joint exploration and education. The aim of these
efforts is to enable the transfer of strategies, programs, and tools that can be tailored
to the diverse myriad of local conditions. This was the original goal of the founders
of MES and continues to be our driving force for our ongoing activities including
the third event we have organized on decentralized energy supply: the MES-BREG
symposium held at the University of California, Berkeley, Berkeley, in 2014.

Sebastian Groh
Jonas van der Straeten

Researcher, Microenergy Systems
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Preface by Daniel M. Kammen

After what seems like years of slow and uneven action in the off-grid and remote
energy sector, there are dramatic signs of innovation. One only needs to assess the
progress of mobile phone coverage across the Global South to see new technolo-
gies, business models, and modes of commerce and governance. At the same time,
the global energy sector is scattered, and lacks rigorous efforts to support innovation
to build greater sustainability in the services that are made available—generally as
commercial products—to billions of people. For much of the last century, the
energy sector was dominated by monopolies with partial or complete ownership
of the regional grids and large-scale power plants. Research has shown that in areas
with these monopolies the metrics of energy sector innovation are markedly low,
perhaps because such monopolies are not motivated to disseminate results, or that
they patent defensively, or simply underinvest in new scientific, technical, and
business models. This raises a red flag if we are to employ an innovation-based
strategy to confront the major energy-related challenges facing our society today.

Thankfully the energy field overall has seen more change and innovation over
the past decade than arguably at any time in the last 100 years. New large-scale
energy technologies and practices are only part of that change. The rapid evolution
of decentralized approaches to energy access has been dramatic. Increasingly,
bottom-up business and community-based efforts are playing important roles in
changing the types and quality of energy services available worldwide. Today, a
genuine hope for energy inclusion has gained momentum. This new paradigm is
visible in high-level United Nations and national development efforts, through a
vibrant private sector, and through the expectations that a diverse provider and
consumer community brings to the equation. The value of diversity and the demand
for quality service has been instrumental in driving innovation.

It is in this spirit that last year’s symposium had innovation as its focal point.
Innovating for Energy Access set out to bring together leading experts in the field to
share their experiences on innovative approaches and to jointly drive new thought.
The idea that innovative approaches can work with previously underutilized or
unrecognized resources is central to this symposium, as this may lead to circum-
stances or cues for the development of successful and sustainable energy access
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programs. Such untapped resources may be seen in the discovering of synergies
within areas such as pre-existing service infrastructures, supply chain and value
chain management, natural resource availability, financing schemes, leap frog
technologies, and more.

I particularly thank Microenergy Systems from the Technische Universität
Berlin and the Berkeley Rural Energy Group for their efforts in making this sym-
posium a success. A vision of an inclusive, service-driven, and innovating energy
sector will enable this moment of hope to be seen as part of a wave of change. This
symposium and the resulting volume of collected papers will hopefully be one
important contribution to that evolution.

With best regards, to all those who read and benefit from these case studies and
assessments.

Daniel M. Kammen
Professor Energy and Resources Group

Goldman School of Public Policy
Department of Nuclear Engineering

Founding Director
Renewable and Appropriate Energy
Laboratory, University of California

Berkeley
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Preface by the Organizing Team

The Western world lives by a paradigm of electrification that was formed at the end
of the nineteenth and the beginning of the twentieth century. The story revolves
around the extension of transmission and distribution infrastructure and the
development of large-scale centralized generation. Today, the ubiquitous supply of
electricity has become self-evident in much of the US and Europe, and sometimes
passes for a barely noticed feature of peoples’ daily lives in much of the industrial
world. However, for many countries in the Global South, electricity is a luxury for
the few. We do not know today what historians in 100 years will write about the
path to universal access to modern energy in South Asia or Sub-Saharan Africa.
Maybe they will write about the technology transfer of mobile payment and DC
grids—from the Global South to the North. We cannot know the story yet—but as a
research community, we all have the opportunity to make our contribution to it.

The following pages are a compilation of the research that was presented at the
jointly organized MES-BREG Symposium, Innovating Energy Access for Remote
Areas: Discovering untapped resources. The event was a resounding success, and it
is our great pleasure to share the presented works with the general public. We hope
that the publication of this knowledge will motivate the energy access research
community to come together for future conferences, develop stronger collabora-
tions, and more freely exchange knowledge and ideas.

The MES biannual conference events began in 2011, but this year marks the first
collaborative symposium, which was organized in partnership with the Berkeley
Rural Energy Group (BREG). MES and BREG are excited by the outcome of this
collaboration, and we hope that this is just the first in a series of many smaller
themed symposia that will take place in new locations around the globe, staggered
year-for-year with our major Berlin events.

The MES-BREG event showed us that there remains a plethora of research
questions that needs to be addressed by the international research community on
energy access and decentralized energy systems. As the field is rather interdisci-
plinary, problem-focused, and practice-oriented, we need the support of the tradi-
tional established disciplines to tackle the remaining challenges. For this reason, the
empirical problem—the lack of access to sustainable energy worldwide—needs to
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be introduced and emphasized in mainstream theoretical debates. At the same time,
we need to maintain our close connection to the practitioners in the field, the
entrepreneurs, the consultants, and to the decision makers.

The event held at Berkeley marks a few developments of which we are partic-
ularly proud. First, we are extremely grateful to ADA, the Luxembourg organization
dedicated to inclusive finance, for its generous support of the symposium as well as
for its continued dedication to helping researchers publish their work on the rela-
tionship between microfinance and the environment. Second, the symposium was
also organized in coordination with Environmental Research Letters, which will
publish extended versions of select papers. Finally, as in the previous years, we
thank our conference organization partner MicroEnergy International (MEI), a
Berlin-based consultancy active in Africa, Latin America, and Asia, aiming for the
provision of fair and sustainable energy for all. Without their continuous support,
these events would not be possible.

We also would like to thank the authors who submitted more than 70 papers on
innovations in energy access from across the world. Our sincere gratitude also goes
to our distinguished Scientific Committee that took the time to review and provide
feedback on these papers. We would like to thank the Hans-Böckler Foundation for
their continuous financial support to MES, as well as ADA, GIZ/Bangladesh, and
the Pakistan Poverty Alleviation Fund for providing scholarships for researchers
from the Global South to come to Berkeley. We are also very grateful to REEEP for
supporting a workshop during the symposium. We also thank BERC, the Trojan
Battery Company, and SEA-RAE for their financial support in hosting the poster
session networking event and reception. Finally we are also grateful to energypedia,
our media partner for this event, for making sure that the main conference takeaway
messages are accessible to the global energy access community.

Your organizing team

Sebastian Groh, MES
Jonas van der Straeten, MES
Brian Edlefsen Lasch, MES

Dimitry Gershenson, BREG/RAEL
Daniel M. Kammen, BREG/RAEL
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Conference Summary

What is moving the off-grid world? A status quo analysis

With the turn of the twenty-first century, the global energy landscape is changing
profoundly. Rapidly improving technologies for decentralized electricity generation
are challenging traditional grid systems across the world. The Sustainable Energy
for All initiative (SE4All) formed by the UN projects that 70 % of the currently
unelectrified population will gain access to electricity by 2030 through mini-grids
or small, stand-alone off-grid solutions (SE4ALL 2013). These factors have all
contributed to a surge of interest in decentralized power, among academics as well
as practitioners and investors.

“From the bottom up”—the decentralized track of electrification

National governments have also become increasingly aware of the limits of top-
down, supply-driven electrification approaches. The World Bank recently echoed
this shift by publishing “From the bottom up: How Small Power Producers and
Mini-grids Can Deliver Electrification and Renewable Energy in Africa,” a com-
prehensive report on the changing policies and practices of energy access in the
African continent. The report highlights a fascinating fact that was unheard of only
a few decades ago: decentralized energy development appears as a recommendation
in virtually every national electrification strategy across Sub-Saharan Africa
(Tenenbaum et al. 2014).

The future of rural electrification—drawing from lessons learned

The rural electrification of Bangladesh, where Solar Home Systems are installed at
a rate of around 50,000–70,000 per month, is a well-known success story in the
decentralized energy field. In his presentation at the MES-BREG conference,
Professor Rezwan Khan illustrated that case and gave us an outlook into the future
of rural electrification in Bangladesh, with implications for the greater Global
South. The potential applications are diverse and promising: new uses of solar PV
for irrigation and cold storage of agricultural products; the clustering of PV panels
and the establishment of DC-nanogrids; and ultimately, through a “swarm
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electrification” approach, the connection of SHS clusters and stand-alone grids to
the national grid system.

However, as profound as the changes of the supply side of rural electrification
may seem, the evolution of consumer energy use deserves similar attention.
Innovation and improvement in the cost and efficiency of end-use devices, above all
for mobile phones and LED lamps, have changed the off-grid world significantly.
For more than a 100 years, telecommunication and lighting have been a privilege
for urban elites in countries of the Global South, but are now becoming accessible
and affordable to large numbers of rural off-grid and low-income clients. Just in
Sub-Saharan Africa, mobile phone subscriptions have grown by nearly 18 %
CAGR since 2007, reaching nearly 253 million unique mobile subscribers in 2013
(GSMA 2013). Concurrently, off-grid lighting markets have been booming. The
Lighting Africa initiative of the World Bank and IFC forecasts 20–28 million
cumulative sales of solar lighting products in Africa by 2015 (Lighting Africa
2012). This rapid spread of these small and inexpensive mobile electrical appliances
is challenging the age-old access story. One no longer needs a grid connection, a
solar home system, or a diesel generator to attain two key uses of electricity:
communication and lighting.

Innovative approaches for new markets

Fundamental changes in technology costs and connectivity have also led to the
emergence of a wide array of innovative business models for off-grid energy. At the
same time, the same factors are improving the ability of researchers to access
supply chain actors, develop new technological solutions, and more closely liaise
with policy makers and government officials. We at MES-BREG 2014 were able to
see this first hand, and the following pages provide a short summary of the research
presented.

Key Topics

New Experiences, Simulations and Visions from the Field of AC and DC Minigrids

This book is divided into three sections which outline related topics around inno-
vation in energy access. The first section focuses on mini-grids, and the emerging role
of DC power. First, Sebastian Groh and his colleagues suggest the concept of “Swarm
Electrification”, a bottom-up approach for building up microgrids by interconnecting
existing small-scale DC generation units (Groh et al., paper “Swarm Electrification”
in this book). The approach is likened to the concept of swarm intelligence, where
each individual node brings independent input to create a conglomerate of value
greater than the sum of its parts. In the given scheme, otherwise unused electricity
from individual Solar Home Systems can be traded between households. As the
systems tend to be sized to ensure the battery can also be fully loaded in the rainy
season, as well more efficient DC-run appliances increasingly penetrate the market,
more electricity is generated by the panel during sunny days as can be stored in the
battery, a concept that is discussed byHannes Kirchhoff in his paper (Kirchhoff, paper
“Identifying hidden resources” in this book).

xiv Conference Summary



Rezwan Khan makes a powerful argument for DC grid technologies, challenging
the current paradigm of AC infrastructure in his paper on “A Concept of DC
Nano-grid for Low Cost Energy Access in Rural Bangladesh” (Khan and Brown,
paper “A Concept of DC Nano-grid” in this book). In fact, according to Khan (as
elaborated during his keynote address), Bangladesh will have converted its national
grid to DC within the following 15–20 years. This trend is not only expected in the
developing world, as Paul Savage from Nextek Power Systems suggested during
his keynote speech. According to his team’s research, 80 % of all electricity
worldwide is used by native DC power electronics, and DC domain segments are
rapidly expanding in industrialized countries.

Research suggests that mini-/ microgrids hold the promise of becoming the most
cost-efficient technology for the “decentralized track” of electrification (Tenenbaum
et al. 2014). Still, as we learn from two case studies presented in this context from
Bangladesh (Khan and Huque, paper “Experience from First Solar Minigrid” in this
book) and India (Chandran-Wadia et al., paper “Prospects for Electricity Access in
Rural India” in this book), there are major challenges to overcome during the next
years: the inability to attract private investors, the slow dynamics of matching the
supply and demand of a particular site, and the dilemma between affordability of
energy access versus a sustainable business model. Two of the papers in this section
also provide important design considerations for mini-grids (Chowdhury et al.,
paper “Off-grid Rural Area Electrification” in this book), as well as an innovative
participatory tool for design and planning of microgrids through a simulation
gaming approach (Abdullah and Kennedy, paper “A Simulation Gaming
Approach” in this book).

Focusing on implementation, Muchunku et al. present first-hand insights from
their analysis of financial performance and model efficacy for a project running
since 2012 based on an energy center model (Muchunku and Ulsrud, paper “The
Energy Centre Model” in this book). In “Lessons from the Edge,” Newell and
colleagues investigate how the high human cost of delivering energy on the bat-
tlefield led the US Army to reexamine assumptions and risks in the provision and
use of energy and thereby derive lessons for instilling energy resilience in rural
communities (Newell et al., paper “Lessons from the Edge” in this book).

Innovations in Value Chains and Financing Schemes

In the first paper in this section, Henrik Beermann and colleagues propose an
innovative conceptual framework for energy-based upgrading in agricultural value
chains and illustrate it with the example of rice farming in the Philippines (Beer-
mann et al., paper “Value chain thinking and energy projects” in this book). Using
the case of rural India, Kumar et al. introduce methods of advanced solar irrigation
scheduling for improvements to agriculture (Kumar et al., paper “Advanced Solar-
Irrigation Scheduling” in this book). Tackling the end of life concerns, Alexander
Batteiger proposes an analytical framework and next steps toward a sustainable
waste management system for retired SHS storage systems (Batteiger, paper
“Towards a Waste Management System” in this book).
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While value chains are critical to improving access, universal access largely
remains a financing problem. However, appropriate finance mechanisms to over-
come the investment barrier for sustainable energy technologies in emerging
markets are still largely underdeveloped. At MES-BREG 2014, these topics were
discussed at length, with four researchers sharing their recent discoveries in this
sector. In this book, Natalia Realpe presents a paper on the question of how to scale
up green microfinance loans (Realpe, paper “How to Scale Up Green Microfinance”
in this book); Satish Pillarisetti discusses the innovative group-based products that
have been developed for rural communities in India through partnerships between
retail banks and locally based NGOs (Pillarisetti, paper” Microfinancing decen-
tralized solar energy systems” in this book); Izael Da Silva showcases the key
insights from his team’s work with the LUAV project in Uganda (Da Silva et al.,
paper “The LUAV-Light Up a Village project” in this book); and Dominique Diouf
explores the barriers to impact investing in sustainable energy in West Africa
(Diouf, paper “Exploring the Barriers to Impact Investing” in this book).

Mobile connectivity has grown far beyond the extent of the electricity grid in
most emerging markets. As we learned in our session on ICT and Energy, there are
more than 643 million people worldwide covered by mobile networks but without
access to electricity, representing up to 53 % of the global off-grid population. The
mobile industry is pushing the demand for decentralized electricity supply in
remote areas. In parallel, it also provides a range of new channels for innovative
energy business models and projects: the off-grid telecom tower infrastructure,
mobile operators distribution networks, machine to machine connectivity, mobile
payments and mobile services. Much more research is needed to explore the syn-
ergies between the ICT and energy sectors, but also the challenges, e.g., in regard to
privacy and consumer protection. The conference session on the nexus of Energy
and ICT addressed some of the questions that the sector currently faces. Here we
include texts by Michael Nique et al, who present their team’s work at GSMA
highlighting the opportunities to employ mobile technologies to foment off-grid
energy access (Nique and Smertnik, paper “The Synergies between Mobile Phone
Access and Off Grid EnergySolutions” in this book) and Bruce Nordman, who
discusses the possibility of using smart appliances to reduce costs in off-grid energy
installations by responding to local energy prices in real time (Nordman and
Bugossi, paper “Optimizing Device Operation” in this book).

The role of Big Data was also covered at MES-BREG 2014 during the panel
session moderated by Peter Alstone: “Innovating at the Nexus of Big Data and
Energy Access”. The panelists, Kate Steel from Google, Lesley Marincola from
Angaza Design, and Michael Nique from GSMA all agreed on the value of this data
but raised the questions: who is allowed unrestricted access, for what purpose, and
at what cost? These questions need to be answered in the coming years as part of a
critical push to better understand the sector. Other burning questions that were
raised included: What happens when hundreds of thousands of off-grid users
become more “legible” to big companies and potentially governments? What are
the dangers of the ability to remotely control the usage of energy and mobile
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payment services? How can user privacy be protected while allowing companies to
improve their services for consumers?

Implementation and Decision-Making

The delivery of adequate energy services requires a deep understanding of con-
sumer conditions. What is the willingness and ability to pay for sustainable energy
or energy efficiency? What existing sources of energy are used and can potentially
be substituted? What is the role of energy in local value creation processes? These
remain the major questions that all business and project developers have to deal
with. The conference provided a number of valuable contributions to the debate on
the right approaches and methods to answer these questions. Two papers on
demand assessments were presented, one on the financing needs for thermal
insulation measures for housing in Kyrgyzstan (Bakteeva and van der Straeten,
paper “Financing Energy Efficiency and Climate Adaptation Measures” in this
book) and one on the demand for Solar Home Systems in Pakistan (Ajaz and
Taylor, paper “Demand Assessment of Solar Electrification” in this book).

To date, access programs find it difficult to scale up and meet the high expec-
tations of donors and beneficiary communities. Against this background, Sesan
investigates a context-responsive approach that has the chance to facilitate the
dissemination of locally appropriate interventions based on a case in Western
Kenya (Sesan, paper “Scale vs. Substance” in this book). Going beyond the
common knowledge on health risks due to indoor air pollution, Verástegui and
Pilco show first evidence from Peru’s rural context in the simultaneous lack of
modern energy devices for lighting and cooking (Verastugi and Pilco, paper “How
big is small? Enough to not breathe oil!” in this book).

A key driver of the expansion of renewable and decentralized energy generation
lies in the national electrification strategies of governments and regional bodies. In
her analysis of decision-making for off-grid rural electrification in Colombia,
Valencia argues that costs related to electricity provision through diesel are not
adequately or correctly taken into account, and argues for a planning methodology
which is more comprehensive, mindful of final costs of service for the end user, and
attentive to the long term sustainability of service (Valencia, paper “Analysis of
decision-making for off-grid rural electrification” in this book). On the basis of
semi-structured interviews, Richter and Blechinger explore the barriers to the
development of renewable energies for power generation in the Caribbean and
outline a strategy of how to overcome these barriers (Richter and Blechinger, paper
“Barriers to the development of renewable energy” in this book). Finally, Terrapon-
Pfaff, Dienst and Ortiz look into the planning processes of small-scale sustainable
energy projects in developing countries with regard to their gender sensitivity
(Terrapon-Pfaff et al., paper “The role of gender concerns in the planning” in this
book).
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Part I
New Experiences, Simulations

and Visions from the Field
of AC and DC Minigrids



Chapter 1
Swarm Electrification: Investigating
a Paradigm Shift Through the Building
of Microgrids Bottom-up

Sebastian Groh, Daniel Philipp, Brian Edlefsen Lasch
and Hannes Kirchhoff

Abstract The study investigates a bottom-up concept for microgrids. A financial
analysis is performed through a business model approach to test for viability when
replacing a researched energy expenditure baseline in Bangladesh. A case study of
Bangladesh illustrates the potential for building on the existing infrastructure base
of solar home systems. Opportunities are identified to improve access to reliable
energy through a microgrid approach that aims at community-driven economic and
infrastructure development. Network effects are generated through the inclusion of
localized economies with strong producer-consumer linkages embedded within
larger systems of trade and exchange. The analyzed approach involves the linkage
of individual stand-alone energy systems to form a microgrid that can eventually
interconnect with national or regional grids. The approach is linked to the concept
of swarm intelligence, where each individual node brings independent input to
create a conglomerate of value greater than the sum of its parts.

Keywords Energy access � Bottom-up � Microgrids � ICT � Bangladesh

Introduction

Across the developing world, considerable amounts of national incomes are
invested in infrastructure development, such as the national electricity grid (Dobbs
et al. 2013). Still they fail to cater to large shares of their (rural) populations, as 1.3
billion people lack access to basic electricity (IEA 2012). For an acceleration of
economic and social development these challenges need to be addressed as they
are inhibiting—or at least delaying—people’s development paths (Groh 2014).
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Higher and more volatile resource costs and infrastructure resilience to climate
change are yet to be adequately considered. It is against this framework that Mc-
Kinsey’s Global Institute has set out the trillion dollar question on infrastructure
productivity (Dobbs et al. 2013). The study, however, is often centered on two key
players of development: the government and the private sector. This approach fails
to take into account “the crucial third agent, in whose name development is carried
out: people organi[z]ed as communities and collectives, people seen not as ‘ben-
eficiaries’ of the state or ‘consumers’ of private services but as drivers of their own
destiny, empowered to self-provision basic needs and to govern from below”
(Kothari and Shrivastava 2013). This research investigates a new conceptual
approach on rural electrification where the infrastructure of a microgrid is built
through the people’s own resources from the bottom-up. Experience has shown that
user-centered concepts can contribute to the pursuit of sustainable and effective
energy access models (Tenenbaum et al. 2014). Grid-based solutions, on the other
hand, can offer great potential to provide stable and sufficient electricity supply for
productive uses, which play a key role in bolstering economic development
(Kaygusuz 2011). Here, discussions usually follow a dichotomous character
(Tenenbaum et al. 2014). There are either centralized (e.g. national grid extension)
or decentralized solutions (e.g. stand-alone SHS or isolated microgrids). Hence, the
economic calculus is based on the (non-) viability of grid extension, which is
measured by the distance-based cost of extension. Remote villages with low load
factor and demand need to be electrified with a “second class” solution through a
decentralized approach (Mandelli and Mereu 2013). Further, discussions are often
reduced to on-grid and off-grid population, leaving potential solutions for an esti-
mated one billion people out of scope (AGECC 2010). This group has been referred
to as the “temporarily on/off-grid sector” and is further targeted in the step-wise
electrification approach presented here (Groh 2014, p. 85). Furthermore, a con-
sensus has been formed on the imminent need of low carbon development scenarios
for developing countries in order to prevent dangerous anthropogenic climate
change but without undermining their development goals (Jakob et al. 2013).
Nussbaumer et al. (2012), Sovacool (2012) and Pachauri (2011) give extensive
overviews evaluating different approaches to measure energy poverty. Based on
these articles, Groh (2014) discusses the financial implications of people living in
remote areas for the case of Arequipa (Peru). A central result is that structural
handicaps in the sense of deprivation of a certain level of energy service quality,
physical and economic isolation from distribution systems and infrastructural
poverty are key factors keeping people in their currently poor economic states. The
authors assume that in certain scenarios a paradigm shift away from a top-down,
centralized, and fossil-fuel based scheme will lead to better results in terms of
economic and social impacts. Furthermore, the authors hypothesize that such a
paradigm shift could improve existing decentralized methods for rural energy,
including stand-alone one-off Solar Home Systems (SHS) and baseline energy fuels
such as kerosene. This research seeks to test this hypothesis through the analysis of
a newly developed sharing-based energy infrastructure approach, based on decen-
tralized growth incentives and resource efficiency. The concept follows the
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principle of a bottom-up initiative in the sense that it is a decentralized track which
is generally carried out through non-governmental entities such as cooperatives,
community user groups, or private entrepreneurs. However, the concept further
envisions a readiness toward the actors and infrastructure of the centralized track,
being the utilities and the national electricity grid.

The objective of the study is therefore to investigate the feasibility of an
approach where the people themselves start building upon their present resources in
order to form a balancing network and prepare themselves for an eventual grid
connection. The underlying research question raised here is to what extent a grid
can be built bottom-up and in an economically sustainable way thereby meeting the
challenges current trends in microgrids for rural electrification face. Based on
previous research by Kampwirth (2009), Sarker et al. (2012) and Unger and Ka-
zerani (2012) the authors elaborate on a bottom-up concept drawn from an approach
that follows the basic principles of swarm intelligence in distributed information
and communications technologies networks and test for its viability. In this scheme,
each individual node brings independent input to create a conglomerate of value
ostensibly greater than the sum of its parts. In the way that each node in a swarm
intelligence network shares information with its neighbors to achieve a com-
pounding network effect, individual stand-alone household energy systems could
share electrical power—in that they are linked together to form a microgrid—to
achieve a networked grid effect. Upon applying frameworks to evaluate the con-
cept, a microgrid developed in this way appears to address myriad problems facing
trends in rural electrification strategies that involve the dissemination of microgrids
and/or individual household energy systems. This paper explores the trends and
difficulties facing microgrid strategies for electrification, and then describes, ana-
lyzes and tests this bottom-up microgrid approach, which might be coined as
“swarm electrification” for a developing country setting.

Objective and Methodology

The present paper builds on an extensive research on microgrid deployments
around the globe based on literature review as well as wide-ranging field experi-
ence. Based on this approach, it identifies key challenges when it comes to the
development, design and implementation of microgrids, which largely account for
the lack of success of rural electrification microgrids to date from a range of
literature sources including practitioner reports. The overarching objective of the
study is to provide tools for alleviating rural and urban energy poverty at the
grassroots level and to consequently support the process of reaching the Millennium
Development Goals (MDGs) (Ki-moon 2011). To reach this goal, it analyses a
model of a sharing-based energy infrastructure, coined as swarm electrification. The
objectives are to:
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1. analyze the status quo of microgrid deployment in developing countries;
2. develop and analyze the layout of an alternative model where key challenges are

addressed;
3. evaluate the designed system based on the factors identified in 1.

The swarm model is discussed in detail in terms of technological design and
service delivery scheme through design thinking methodologies, and then tested for
financial viability, and finally further analysis necessary for a proof of concept are
suggested. The study relies on a diverse set of methods, including literature
research, design thinking for model conceptualization and cost-benefit analysis.
Baseline energy expenditures and business model characteristics for the case study
are collected based on data set analysis, on-site field research and interviews of key
stakeholder active in the Bangladeshi rural electrification market. A financial sen-
sitivity analysis model is developed for the swarm concept and tested for viability in
comparison with the collected data, including data for un-electrified baselines as
well as status quo one-off electrification solutions. Financial viability analysis is
carried out through a comparative cash flow analysis in different scenarios for the
case of Bangladesh. Moreover, the net present value (NPV) method is applied
where each cash flow (incoming and/outgoing) is discounted to its present value
and summed up, as shown hereafter:

NPVðr;NÞ ¼
XN

t¼0

Ct

ð1þ rÞt ;

where
t is the time of the cash flow,
r is the discount rate, and
C is the cash flow.

In order to come up with an initial pricing model, the levelized cost of electricity
(LCOE) is calculated based on the general formula given below:

LCOE ¼
Pn

t¼0
ItþMtþFt

ð1þrÞtPn
t¼0

Et

ð1þrÞ2
;

where
It is investment expenditure in the year t,
Mt is operation and maintenance expenditure in the year t,
Ft is fuel expenditure in the year t,
Et is electricity expenditure in the year t,
r is the discount rate, and
n is the life of the system.
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Literature Review

The UN General Assembly has declared the years 2014–2024 to be the “Decade of
Sustainable Energy for All” (United Nations Foundation 2012), underlining the
importance of supporting the roughly 1.3 billion people living without access to
electricity. Groh (2014) introduces the concept of an energy poverty penalty
arguing that poor energy services rooted in infrastructural handicaps inhibit or at the
very least delay people’s economic development. He states that “poor energy ser-
vice quality can refer to insufficiencies, unreliability, dangers in usage, low dura-
bility, unfitness, lack of after-sales service and even non-affordability, in the sense
of poor financial services” (Groh 2014, p. 83). As a consequence, better energy
service quality could serve as an essential tool to fight the energy poverty penalty
and ultimately help achieve the Millennium Development Goals (MDGs) (UNDP
2005). The “Energy for All Case” expects that only 30 % of rural areas can be
electrified via connection to centralized grids, whereas 70 % of rural areas can be
connected either with microgrids or with small stand-alone off-grid solutions
(OECD/IEA 2011). Yadoo and Cruickshank (2012) estimate that about half of the
1.3 billion people living off-grid today could be best supplied with decentralized
microgrids.

Marnay et al. (2011) note that in more innovative schemes where new sources
are added to existing sources, integration of microgrids may be difficult from a
centralized planner perspective, which is why the “thinking has moved to a
structure wherein there are independent control nodes” (Marnay et al. 2011, p. 4).
Although microgrids have been employed for village electrification already for over
30 years, there are only very few examples that can claim to be based on a long
term viable model based on financial, managerial and technical criteria (Frearson
and Tuckwell 2013). They describe the main barriers as securing a standardized and
streamlined procurement system, establishment and governance processes, ready
access to suitable finance, appropriate consumer consultation, hardware selection
and integration, and developing effective operations and maintenance structures.
The large initial capital investment and the related question of refinancing and
ownership put a brake on many efforts to implement larger microgrids (Ulsrud et al.
2011). National utilities, that might have the capacity to maintain them, usually lack
incentives to do so—being aware that it is often less profitable than the centralized
grid considering the disproportionate amount of challenges of maintenance and
operation (Goldemberg and Lucon 2010). As an alternative, community managed
microgrids have emerged. Literature on these models remains scarce as it is con-
sidered a new field (Peterschmidt and Neumann 2013; Rolland and Glania 2011).
Still, grey literature, in terms of project reports, indicates that these schemes often
do not last very long and fail much earlier than expected. Often microgrids are
designed with the goal of an equitable socio-economic development. As a by-
product, there is evidence found for theft, non-payment and overuse leading to
overall system failure. A paper on mini-grids in China states an overuse case with
reduction of service provision from twelve to three hours per day (Shyu 2013).
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These processes can be described as a form of the “tragedy of the commons”
(Hardin 1968). In contrast, if the ownership is left to small and medium energy
enterprises, a severe financing gap limits their capacity to scale to a degree required
to run such a scheme (Kebir et al. 2013). Nonetheless, the International Energy
Agency (IEA) argues that “smart grids could enable a transition from simple, one-
off approaches to electrification (e.g. battery- or solar PV-based household elec-
trification) to community grids that can then connect to national and regional grids”
(IEA 2011). However, it must be ensured that the technologies allow for just grids,
promoting equality and enable access even to low income households (Welsch et al.
2013). Therefore, starting with a low entry requirement is crucial. Sarker et al.
(2012) suggest a DC-based microgrid with distributed generation where Solar
Home Systems (SHS) can become connected to the local grid. A first investigation
of a concept that starts small and develops step by step has been undertaken by
Unger and Kazerani (2012), who have advocated for organically grown microgrids
that start with the purchase of small lamps and eventually lead to village cluster-
sized grid topologies. This study builds up on the ideas of a sharing-based energy
infrastructure and draws conclusions to develop it further, constructing a service
model through a case specific analysis for Bangladesh and testing it for financial
viability. Good infrastructure can be evaluated based on the four As (“4A”) criteria:
affordability, accessibility, acceptability and availability (Weijnen and Ten Heu-
velhof 2014). The following observations, deducted from the analysis above as well
as extensive field experience, represent significant challenges facing centralized
planning of microgrids, which so far have not been adequately addressed in
implementation models. The authors realize that a successful bottom-up microgrid
solution based on distributed renewable energy sources will have to address these
challenges in order to comply with the 4A framework:

• Demand tends to grow once electricity is available;
• Pace of growth is hard to determine;
• Oversized systems are not economically viable;
• Undersized systems might fail to adequately perform and therefore hinder social

acceptance and economic development;
• Productive use is enhanced with larger electrical loads.

The next chapter aims to take these issues under consideration when discussing
the swarm electrification concept based on a case study approach for Bangladesh.

Analyzing the Model: Case Study Bangladesh

According to the World Bank, 40 % of Bangladesh’s population, representing 65
million people, has no access to the national grid (World Bank Indicators 2013).
Direct Current (DC) Solar Home Systems (SHS), currently consisting of a
20–85 Wp solar panel, battery, and charge controller, have begun to successfully
electrify Bangladeshi rural communities through the Infrastructure Development
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Company Limited’s (IDCOL) national SHS program (IDCOL 2013). Close to three
million SHS are already installed through microcredit schemes implemented by
Partner Organizations (POs), who are expanding their customer base at a rate of
45,000–70,000 systems per month, making Bangladesh the fastest growing SHS
market in the world. However, many households with an SHS do not fully utilize
the electricity stored in their battery, resulting in a full battery by midday, and
thereby limiting the generation potential of their systems by up to 30 % (Kirchhoff
2014). At the same time, some households may require electricity beyond what
their systems can supply, especially during the rainy season, while at the same time
others cannot afford a complete SHS at all and remain trapped in energy poverty.
Mondal and Klein (2011) further point to the limits of SHS in terms of its potential
to directly affect an individual household’s ability to improve its income generation.
There is a need for more cost effective, reliable and flexible electricity supply. In
rural areas of Bangladesh, settlements tend to consist of various clustered areas
where households are built closely together in a dense pattern. Hence, it is common
to see clusters of households and small businesses with SHS.

Applying the concept of swarm electrification and interlinking these clustered
SHS to form a microgrid, end-users could act as “prosumers”, forming the core
nodes of the microgrid and allowing the end-users to both consume electricity from
the microgrid as well as feed electricity into the microgrid. Such an approach
enables synergies with network effects generated through the inclusion of localized
economies with strong producer-consumer linkages, allowing for local trade.
Unlike traditional microgrid approaches, it crucially aims to make the most of the
existing infrastructure assets as suggested by Dobbs et al. (2013), which are herein
referred to as previously underutilized or unrecognized resources. In this way,
participatory inclusion of community members based on existing equipment assets
would build upon existing social acceptance of the technology and business
models. In addition, up front capital costs associated with green-field microgrid
development are heavily reduced. From a technical point-of-view, utilizing systems
that are already sized for a particular household would allow nodes of the system to
share power and thereby balance out seasonal mismatches. The batteries in the
example of Bangladesh are already typically sized with three days of autonomy to
bridge cloudy days. This capacity is not required during the non-rainy season and
remains under-utilized in the status quo. In the given context, the swarm electrifi-
cation approach could also be used to interlink multiple households with SHS to
households without SHS. By forming a village-scale microgrid through the network
connection of electricity-sharing homes, end-users could make use of their differ-
entiated energy generation capacities and consumption patterns to allow for a more
efficient and consistent source of energy supply for end-user households compared
with the solely stand-alone systems.

Crucially, such a scheme would allow for a microgrid business model in which
end-users have the ability to be remunerated for energy that is produced by their
system and consumed by other end-users in the microgrid. In the following
example, communications and payment management between households is
administered by a smart charge controller, referred to as a swarm controller, which
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meters energy in- and outflows on a real-time display, serves as a data logger, and
allows the end-user a basic modicum of control to toggle their system between
island mode and microgrid-connected mode.

Regarding the service delivery model, depicted in figure below 1, the concept
builds further on existing resources. The great success of the mobile phone industry
has brought about an extensive network of local operators for topping–up mobile
phones even in remote areas (Nique and Smertnik 2014). Energy delivery mech-
anisms and innovations have already made successful use of this proven model, by
allowing users to top-up their electricity consumption allowance through equipment
algorithm keys purchased at mobile phone retail points (Nique and Smertnik 2014).
The success of this approach is therefore incorporated into the swarm grid example,
allowing users to top-up their electricity consumption allowance by purchasing a
numerical code and entering the number into their swarm controller at home. On-
site sales, promotion, and after-sales technical services can be performed through
identified local champions referred to as swarm area managers (SAMs). The SAMs
are small local entrepreneurs who have access to a distribution chain and can
become a primary provider of electricity for several households (e.g. shop-owners
on the central market). They receive a microcredit in order to be able to build up a
stock, receive a quota per unit sold and a percentage of the trade volume when
handing out the scratch cards to the users to top-up their electricity balance. This
implies that only the consumption of electricity is ‘taxed’ whereas the generation
which is consumed directly or fed into the microgrid, is tax free. As the SAMs’
revenue is highly based on the network effects, there is an intrinsic incentive for the
SAMs to service the evolving grid and generate more sales. The SAMs can visu-
alize, manage, and analyze this data through a back-end software solution provided
to them (Fig. 1.1).

In order to allow for a real income generation source, which is crucial to address
productive use aspects of successful microgrid designs, end-users should also be
able to cash out positive electricity balances that their systems have fed into the
grid. At any point of the month, when they need more electricity, they can go to the
local SAM and top-up or, in the reverse case of consistent net production, cash out.
The latter element expands the pay-as-you-go (PAYG) model (Bladin 2007) by a
cash-in-as-you-go (CAYG) element. This ability to cash out also provides direct
incentives for efficient electricity use, as their balance on their meter increases as
their consumption decreases, once they start feeding into the grid more from their
own SHS. In the theoretical application of the swarm model, data loggers built into
the swarm controllers will allow for close monitoring of supply and demand within
the swarm grid. Depending on supply or demand surplus, additional households
without generation capacity can be connected to the grid, or additional generation
capacity can be installed by incentivizing entrepreneurial households to buy bigger
panels, given that the ability to sell surplus electricity can be considered likely
based on past consumption patterns and prices. Service supply areas need to be
defined in order to avoid conflict between different SAMs.

Research shows that further implications for the people are the possibility of a
more flexible usage of their electricity both in terms of amount of energy in
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Watt-hours (Wh) as well as in terms of time of usage, in addition to a likely
improvement in battery state-of-health and prolonging of battery lifecycle based on
fewer deep discharge incidents (Kirchhoff 2014). This style of rooftop decentralized
generation further implies no centralized solar panel installations occupying large
areas of useful land (as commonly seen in top-down microgrid designs), which is a
major issue in such a densely populated country (Khan 2012).

The approach represents a democratization of electricity generation provided that
the pricing scheme per unit of electricity is designed in a pro-poor approach. In
Fig. 1.2, the step-wise approach of swarm electrification is shown. Step one shows
individual households equipped with DC SHS as well as houses with neither solar
nor grid electricity supply. Step 2 shows the interconnection of households with
SHS, whereas in Step 3 the remaining houses are included in the growing DC
microgrid. As a final step, the microgrid can be connected to a national or regional
grid with minimal points of AC/DC conversion interfaces. With recent advances in
smart grid technologies, such a bottom-up interconnected electrification approach
becomes feasible (Unger and Kazerani 2012), however a financial and technical
analysis must still be performed to fully understand the challenge and implications

SAM

top-up & cash-out
option

Feed-in:

$1.50 USD/k Wh
(end-user sells)

•

•

•

•

•
•
•
•

Integration of further
SAMs

Scratch Card
Sale

scratch card sale
cash-out counter
eletricity price:$1.50 USD/k Wh

Take out:
Top-up option
$1.65 USD/kWh (end-user buys:price+
10% margin)

earns margin by scratch card sale
(10% of trade volume)

Fig. 1.1 Service delivery model through SAM scheme
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of preparing a swarm microgrid for interconnection with a national grid distribution
infrastructure.

The resulting network is a DC grid that can facilitate trade and increase usage
flexibility and reliability beyond the status quo one-off systems. The trade of
electricity allows SHS owners to generate additional income through the sale of
excess electricity and consumption smoothing.

In a further investigation into commercial feasibility, current trading costs in the
field have been used as baseline scenario. Key assumptions of the underlying
models are summarized in Table 1.1 in the appendix. A SHS with a panel size of
50 Wp is modeled. The assumed photovoltaic system derate is set to 0.6.1 In the
presented simulation scenario the household is assumed to sell 29 % of its generated
electricity, which is in line with Kirchhoff’s previously calculated findings of
approximately 30 % excess energy going unused given the limited storage capacity
of the stand-alone system (Kirchhoff 2014). It does not, however, include any
excess based on the rapidly growing application of more efficient DC-based
appliances in the market.

Figures 1.3 and 1.4 show the viability of the approach in a simulation from an
economic perspective. Figure 1.3 shows the time dimension measured in years on the
y-axis whereas the x-axis indicates cumulative total electricity cost for the average
off-grid household. The swarm concept requires an advanced charge controller to
enable interconnection of SHS and sale and purchase of electricity between the
systems. This scenario with such a controller is indicated with the name “Swarm
Controller” in the figures. Assuming the electricity seller is purchasing a new SHS,
three scenarios are compared: (1) the costs of continuing to meet electricity

Fig. 1.2 Stepwise approach for swarm electrification. Source MicroEnergy International (2013)

1 40 % loss consisting of 20 % due to battery conversion losses, 13 % due to temperature and
maximum power point mismatch, 5 % due to maintenance interruptions and 2 % due to cabling
losses (Kirchhoff 2014).
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requirements through kerosene and car battery, (2) purchasing a “Standard Con-
troller” status quo SHS, and (3) purchasing an SHS with the “Swarm Controller”.

Extensive field data2 is used to estimate the green line indicating annual cost for
kerosene and car batteries. The blue line represents the cost based on the SHS sales
statistics of the past years. It is worth pointing to the fact that the current SHS
microcredit scheme under which more than three million systems were sold does
not compete with the present cost of kerosene and car batteries throughout the credit
period of 36 months, but rather first breaks even only in year four (c.f. Fig. 1.3).

The red line dotted with squares in Fig. 1.3 indicates the electricity cost for a
prosumer with a swarm controller over a lifetime of 10 years, where 30 % of the
generated electricity of the 50 Wp SHS is traded/fed-into the microgrid. The green
baseline is based on present expenditure for people relying on kerosene and car
batteries whereas the blue baseline represents the monthly expenditure under the
current microcredit scheme for SHS. The red line mimics the blue status quo SHS
path despite its higher initial investment and outperforms the comparative scenarios
after the credit has been paid off. Refer to Tables 1.1 and 1.2 in the appendix for
details on cost and system sizing used for the simulation. Other advantages such as
better system performance due to better battery recharging cycles, more flexible
usage of electricity, better system integration and opportunities for increased
income generation through acquisition of bigger panel sizes are not taken into
consideration. On the other hand, it is assumed that all excess electricity generation
can be and is sold within the microgrid. Figure 1.4 takes the perspective of a net
consumer (without generation capacity), who pays for electricity consumed from
the swarm microgrid.

The calculated NPVs indicate that additional electrification effort can be realized,
especially for households who could not afford a full system before. By sharing the
power generated from one household located at a particularly sun-exposed location,
households that are located in a disadvantaged position for a solar-based system
(e.g. in a shaded area) could also gain access to the microgrid electrification.

In that case these people can buy electricity at a lower cost compared to the
business-as-usual case (represented by the blue line in Fig. 1.3) while renting a
swarm controller and smaller-sized battery through a leasing scheme (represented
by the red line). The latter case is designed to bring down monthly cost and initial
down payment further down based on a linear depreciation assumption with ten
years of expected system lifetime considering depreciation, deterioration and ran-
dom failures, including a full replacement of the battery after five years. It is further
worth noting in the comparison of Tables 1.1 and 1.2 in the appendix that the
calculated NPV for a pure consumer (assumed to be a low-income household that
could not afford an SHS) is considerably higher compared to a prosumer (slightly
more than twice), given that the pure consumer experiences an assumed much
stronger prevailing energy poverty penalty over a 10 year timeframe.

2 Underlying data from Rural Electrification and Renewable Energy Development (RERED) II
Project Report from the World Bank 2012.
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A discount rate of 9 % is assumed, which is reasonable given an inflation rate of
7 and a 2 % risk premium (BBS 2014). Applying the 4A criteria to the concept,
observations can be made. The scheme:

1. provides possibilities for flexible provision of electricity based on a mobile retail
network already deeply rooted in the rural areas (accessibility),

2. results in favorable economics based on baseline data under a microcredit/-
leasing scheme (affordability),

3. builds on network effects and existing resources and increases access to daily
and seasonal energy through a balancing network (availability), and
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4. utilizes a familiar technology and delivery model that builds on existing social
acceptance (acceptability).

The concept allows the user a modicum of control to decide when they are operating
in grid-connected mode or island mode, and avoids interpersonal conflicts and cash
exchange through a system of digital credits and debits managed by the network of
swarmcontrollers andwith payments handledonly byneutralmobile phone retail points.

Where the model potentially falls short is in direct comparison with microgrids is
the ability to power large loads. Microgrids are designed from the start for increased
power use beyond SHS (not just increased energy over time but larger instanta-
neous power draw for larger appliances). The swarm model might remain depen-
dent on the existing SHS cabling and voltage levels, thereby retaining the
instantaneous power draw limits of the SHS even if the overall energy availability
and system performance increases. With regard to battery health, while Kirchhoff
(2014) has shown that proper State-of-Health and State-of-Charge management are
possible for the prosumers in such a scheme, it is not clear that this will be the case
for the smaller batteries installed for pure consumers of the microgrid energy. The
present simulation price at USD 1.50 per kWh (without any subsidies) is calculated
based on the LCOE method considering that there are no running fuel cost, an
initial investment based on current numbers in the Bangladeshi SHS program with
the additional cost of the swarm controller and battery replacement after five years,
5 % of total investment (approx. USD 500) as yearly operation and maintenance
cost,3 electricity generation as shown in Table 1.1 in the appendix, the same dis-
count rate as applied in the NPV calculations.

With regard to Operation and Maintenance (O&M), requirements largely syn-
ergize with the O&M requirements for status quo SHS (cleaning panels, refilling
batteries with distilled water, replacing fuses), which are well-understood and
regularly practiced by the target Bangladeshi communities. However, O&M of the
grid infrastructure itself (running new cabling, preventing theft, repairing cabling,
installing and checking safety devices, etc.) would need to be carefully considered
for a sustainable business model, and could potentially also be conducted by the
same POs instead of the SAM. It should be noted that a safe extra low voltage
(SELV) can be chosen as the network voltage to mitigate the need for extensive
safety training and equipment, as these voltages fall into the touch safe range. It is
further important to note that the model is sensitive to changes in the electricity
trading price per kWh, as well as the available and tradable amount of Wh (see
Figs. 1.5, 1.6 and 1.7 in the appendix). The baseline scenario for the sensitivity
analysis stands at a 50 Wp system, where 35 % of excess energy is generated4 and

3 Values based on ten year historical data of the Bangladeshi SHS program.
4 This is higher than in the economic analysis in Fig. 1.3 (30 %), as well as that the purchaser
consumes now 40 Wh (instead of 20 Wh per day). This is in line with a trend where excess energy
will tend to increase due to appliances with higher efficiency built into existing systems as well as
consumption will.
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fully sold at a price of USD 1.50 per kWh for a system that is running for five years.
The purchaser is assumed to buy 40Wh of electricity per day in order to cover her
electricity needs. Figure 1.5 illustrates the trade-off between a very pro-poor
approach with a trading price range of approx. USD 0.50 and USD 1.75 as the
border conditions, displaying both prosumer and purchaser as well as the status-quo
system owner. A price of USD 0.50 (considerably lower than the calculated LCOE
of USD 1.45) puts the advantage on net consumers and people not able to afford a
system of their own. A price of USD 1.75 sets the incentives completely on the net
producer side to buy more generation capacity and sell off the excess while keeping
purchaser still at par with the traditional monthly SHS system cost (note: con-
suming, however, only 40 Wh per day). Figure 1.6 shows that a SHS only needs to
produce a little over 10 % of excess capacity in order to for this model to become
feasible. Under the baseline of 35 % excess capacity, accordingly, at least 30 % of
the excess needs to find a buyer in order to break-even.

If either supply or demand falls short, mitigation mechanisms exist through
incentives for prosumers to become more of a producer when choosing panel size
given the existence of a business opportunity. For the latter case, additional elec-
trification of households too poor to afford a system can close the demand gap. The
respective SAM might decide to utilize price differentiation that depends on factors
such as distance from the nearest connecting household, the rate of power coming
directly from the solar module or the battery, time of usage, or other variables.
Further investigation is needed here.

Discussion and Conclusions

Despite the current trend toward traditional microgrids and one-off SHS solutions
for rural electrification, the authors show that under presented conditions and
assumptions the concept of swarm electrification may present a better fit to meet the
combined goals of universal energy access for all and fostering rural economic
development. The approach requires neither a large initial capital investment nor
top-down system sizing. The key barriers addressed in section Literature Review
appear to be adequately addressed in theory, as it builds on an existing and proven
technology, end-user financing, delivery mechanisms and social acceptance trends,
thereby meeting the criteria set out in the 4A evaluation scheme for good infra-
structure (affordability, accessibility, acceptability, availability). Moreover, a trag-
edy of the commons problem is unlikely to occur in this case as the majority of
individuals have their own system or supply, with the ability to choose to utilize
their energy generation and storage equipment as income generating assets, mon-
itored on an individual metering system without a centralized capped storage
capacity, or to decide to run their system in an independent island mode.
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The theoretical case study for Bangladesh indicates that the swarm concept is able
to create win-win situations. Some simple cost-benefit calculations suggest that the
process can be designed in a financiallymutually beneficial way for end-users who are
able to afford a complete SHS, as well as for end-users who are unable to afford a
complete SHS and currently pay high prices for baseline energy sources such as
kerosene and car batteries. Comparable calculations and simulations could be run for
different settings on the one hand to test the degree of scalability and impact for the
Bangladeshi off-grid sector but also for a feasibility assessment of potential replica-
tions in different country settings in terms of their existing resources and expenditure
patterns, respectively. The financial model is based on network effects, and thus
dependent on initial sales of swarm controllers gaining momentum, as well as being
vulnerable to the potential occurrence of unexpected critical social acceptance issues.
Furthermore, the concept requires a smart pricing mechanism in order to simulta-
neously incentivize consumers and producers as well as a local operator. The topic of
potential solutions for ownership schemes of such amicrogrid remains to be proven in
real world implementation examples. From a technical perspective, solutions to
enable increased power and thereby larger loads should be addressed if the infra-
structure is limited by fixed SHS cabling and voltage levels. Safety and switching of
DC distribution voltages need to be further investigated. An adequate agent-based
control scheme, as outlined by Kirchhoff (2014), needs to be developed and field
tested. These questions need further in-depth research. Although, the concept has a
built-in opportunity for scalability, the issue of replication potential for other perhaps
less densely populated countries remains to be seen.

The authors conclude that changing the mindset of prohibitive last mile cost
(centralized perspective) to an end-user perspective and the peoples’ own develop-
ment capabilities may lead to increased success in rural electrification and pro-poor
economic development schemes. As such, a paradigm change from top-down planned
centralized microgrids toward a bottom-up microgrid approach where the decision
and managing power is up to the people and their existing resources themselves
without creating a common pool resource could have a positive impact on the
development of economically and technically viable localized electricity distribution
infrastructures. In this scenario, people are no longer obliged to wait for a utility grid
extension, but start building a local grid themselves, beginning with individual
household-level systems afforded through inclusive end-user financing and delivery
mechanisms. The authors expect that in the future,microgrids based on these concepts
will play an important role for decentralized energy supply in order to foster rural
development. A paradigm shift in both research and practice could break down the
traditional dualistic conception of rural electrification, where utility grid extensions
or one-off stand-alone energy systems are pitted in competition, and allow for a
productive exploration of innovative bottom-up energy access models.
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Appendix

See Tables 1.1 and 1.2; Figs. 1.5, 1.6 and 1.7.

Table 1.1 Cost scheme
“prosumer” SHS owner

System size (W) 50

PV system derate 0.60

Daily system PV generation (Wh/day) 135

System voltage (V) 12

Battery size (Ah) 80

Max. battery % depth of discharge 50 %

% of generated electricity sold 30 %

Average Wh available to sell (Wh/day) 40

Average Wh available to sell/month (Wh/month) 1200

Levelized cost of electricity (USD/kWh) $1.5

Monthly revenue from electricity sales (USD/
month)

$1.80

Existing charge controller cost (USD) $0

Swarm controller cost (USD) $40

System sharing wiring cost (USD/prosumer) $3

Swarm controller simple payback (years) 2.59

NPV (USD) $98.62

Table 1.2 Cost scheme “consumer”

Electricity purchaser Credit Leasing

Swarm controller $40

Battery (10 Ah) $25

System sharing wiring (USD/consumer) $3

Hardware cost (USD/month) $1.93a $1.75b

Levelized cost of electricity (USD/kWh) $1.5

Daily usage (Wh/day) 20

Monthly cost of electricity used (USD/month) $0.90 $0.90

Total cost (USD/month) $2.78 $2.65

NPV (USD) $321.38
a Calculated based on a 12 % yearly service charge (flat)
b Based on 5-year lifetime with linear depreciation model
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Chapter 2
Identifying Hidden Resources
in Solar Home Systems as the Basis
for Bottom-Up Grids

Hannes Kirchhoff

Abstract In the context of the modern energy access challenge, one new pathway
towards electrification is to make use of hidden resources already in the field
through small microgrids. In particular, this paper analyses the amount of excess
energy of medium sized (65 Wp) solar home system (SHS) located in Bangladesh.
The SHS is modeled using synthetic load curves and a sophisticated battery model
that accounts for battery ageing. The simulation shows that more than 30 % of the
electricity potentially generated by the SHS remains unused.

Keywords SHS � Hidden resources � Microgrid � Bottom-up

Introduction

The energy access challenge presents itself on several fronts at the same time.
While there are still more than 2.3 billion people without reliable access to elec-
tricity (United Nations Foundation 2012), a carbon lock-in is on the horizon if the
power sector does not turn green quickly (IEA 2011, p. 3). For individuals who
currently do not have access to modern energy services that are “affordable, clean,
reliable, and safe” (Legros et al. 2009, p. 3) this translates into high prices and
uncertain timelines for access.

As pointed out by Tenenbaum et al. (2014), it is time for the “second”, decen-
tralized track in electrification. A track that does not rely on central entities but can
grow from the bottom-up. The “swarm electrification” approach (Groh et al. 2013),
shows a pathway for how this can be done, building on the existing infrastructure,
such as the 2.6 million solar home systems (SHS) already installed in Bangladesh
(IDCOL 2013). SHS are linked to form small microgrid clusters that can gradually
be extended by going through different stages, c.f. Fig. 2.1. The process is a step by
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step bottom-up approach that eventually leads to coverage of a whole village. The
formed microgrid can, if desired, even be connected to the main grid. There is
limited literature available on interconnected SHS, however, one simulation showed
a 15 % saving in generation capacity required when eight large SHS located in
Tanzania were connected (Unger and Kazerani 2012).

Research Objectives

This paper addresses the perspective for a single SHS in the initial process of swam
electrification, showing the potential for energy sharing. Hence, the hidden
resources in terms of excess energy that remains unutilized in normal SHS oper-
ation is investigated on.

Methods

The 65 Wp SHS package under the IDCOL solar program is simulated for the
course of one year using Matlab Simulink with 5 min intervals. The SHS package
consists of a 65 Wp solar panel and a 100 Ah battery. Details of the respective
component modeling are as follows.

Fig. 2.1 Step by step bottom-
up electrification
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Solar Module Simulation

For the model in this paper, the SHS is equipped with a 65 Wp multicrystal PV
module, fitted to data sheets from Kyocera KC65T panel (Kyocera 2007), which is
modeled using a mathematical model developed by Villalva et al. (2009). This
model is an improvement of the single diode equivalent circuit and can be easily
adapted to different panels. The work presented in the paper includes an algorithm
to determine the best fitting parameters for the shunt resistance RS and the parallel
resistance RP requiring only datasets at open and short circuit as well as at the
maximum power point (MPP). These parameters are then used to model the
characteristic current behavior as in (2.1) where Vt is the thermal voltage and a the
ideality factor of the diode. The parameters used are listed in Table 2.1.

IPV ¼ I0 � exp
V þ RS � I
Vt � a

� �
� 1

� �
ð2:1Þ

The temperature influence on the panel are reflected on through the temperature
coefficient for voltage KV and the temperature coefficient for current KI.

The model is verified with the electrical performance at nominal operating cell
temperature which is given in the datasheet (Kyocera 2007), producing an error of
less than 0.4 %.1

The influence of ambient temperature is most critical for the simulation of the
PV panel where energy output is decreased for higher temperatures. Hence, a
conservative assumption with a constant ambient temperature of 30 °C is taken. The
temperature of the cells is modeled as being directly proportional to the irradiation
G, as in (2.2). This approach is proposed by Hansen et al. (2000, p. 14).

Table 2.1 Parameters used in the PV module model

Parameter at standard test conditions, from Kyocera (2007) Value

VMPP 17.4 V

IMPP 3.75 A

VOC 21.7 V

ISC 3.99 A

Kv −0.0821 V/K

Ki 0.00159 A/K

Parameters obtained using Villalva et al. (2009) Value

a 1.3 [–]

Ns 36 [–]

Rp 266,565 Ω

Rs 0.2454 Ω

1 Input values are G = 800 W/m², Tcell = 47 °C and VPV = 15.3 V. The datasheet states 46 W
output and the model calculates 46.15 W.
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TC ¼ TA þ 0:03
C �m2

W
� G ð2:2Þ

Real solar data for Dhaka of the year 2001 is used, specifically global horizontal
solar insulation data from NREL (2005). The panel’s orientation is assumed as
perfect south and 24° tilt to allow for maximum generation. Correction factors for
this tilt are based on data from Boxwell (2013).

Battery Model

The battery modeling has to cover a wide range of parameters and constants, but there
are essentially only two variable inputs into the model during the simulation: temper-
ature and current. Corresponding to the ambient temperature, the battery temperature is
assumed constant at 30 °C. This assumption is based on the fact that the current flows to
and from the battery are relatively small and combinedwith the large surface to volume
ratio of the battery should not lead to mayor warming effects (Boldt 2012).

Thus, the only remaining input variable is the current. The output parameters are
the terminal voltage of the battery the state of charge (SOC) and, as a lifetime
monitoring variable, the remaining capacity of the battery. Degradation and cor-
rosion lead to reduction in capacity, which is reflected in the state of health (SOH).
For batteries in electric vehicles the SOH is often defined so that it reaches zero
when the remaining capacity is 80 % (Lam 2011). This does not necessarily hold
true for batteries in SHS as the reduced capacity can still be used. Hence, in this
paper the definition as in (2.3) is utilized, details on the calculation of the remaining
discharge capacity Cd tð Þ are given in Bindner et al. (2005) and Boldt (2012).

SOH ¼ Cd tð Þ
Cd t ¼ 0ð Þ ð2:3Þ

The terminal voltage Ubat is obtained by multiplying the cell voltage Ucell by the
number of cells (six). The cell voltage is derived by using a set of two Shepherd
Equations, one for charging (2.4) and one for discharging (2.5), where the SOC and
DOD are the state of charge and depth of discharge respectively.
For I > 0:

Ucell t; Ið Þ ¼ U0 � g � DODþ qcðtÞ �
IðtÞ
CN

þ qcðtÞ �Mc � IðtÞCN
� SOCðtÞ
Cc � SOCðtÞ ð2:4Þ

For I ≤ 0:

Ucellðt; IÞ ¼ U0 � g � DODþ qd tð Þ � I tð Þ
CN

þ qd tð Þ �Md � I tð Þ
CN

� DOD tð Þ
CdðtÞ � DOD tð Þ ð2:5Þ
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The Eqs. (2.4) and (2.5) can be both be rearranged so that each constitutes of one
portion independent of the battery current and the other part dependent on the
battery current. These are the values used for a simple equivalent circuit of the
battery in the SHS model with a controlled voltage source (U0) and an internal
resistance (Ri) in series. Ageing effects are reflected in the model that are related to
the following stress factors:

• Time between full charges, in particular modeling the build- up of irreversible
sulphation,

• Partial cycling by taking into account the end of charge voltage when crossing
over a SOC value of 90 % but not reaching 100 % which is critical for corrosion,

• Ah-throughputby evaluating the total discharge current in a weighted number of
cycles which is an indication for the loss of active material as well as increased
stratification,

• Low discharge rates which enhance stratification,
• High temperature is reflected in all relevant factors, in particular the build-up of

the corrosion layer and the effect of gassing.

Charge Controller

The charge controller was modeled with an overcharge and a deep discharge
protection. The threshold values for theses operations were taken from the IDCOL
SHS program specifications and translated from voltage cut-off values to SOC-
values. As shown in Fig. 2.2, the deep-discharge protection is activated after
crossing 30 % SOC and the load is reconnected at 50 % SOC. Once the battery is

Fig. 2.2 Model for the
charge controller
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fully charged, the charge controller changes the charging mode from boost to float,
limiting the charging voltage to 13.5 V.

Load Profile

As no real data on the usage pattern was available, literature values are used and
combined to form a synthetic load curve. According to UNFCCC (2012, p. 6), 65
Wp SHS in Bangladesh are typically equipped with loads given in Table 2.2. A
aggregate load of 43 W is used between 3 and 4 h per day, resulting in a daily
energy consumption of 162 Wh.

However, other authors have argued that demand can be higher due to daily
operation of up to 5 h per day (Khadem 2006, p. 4). To account for this discussion,
an extensive use case of 240 Wh/d with longer usage hours and additional devices
is also considered (c.f. Table 2.3). It is assumed that this extensive use case is
applicable once in a week. This is simulated by giving a 6/7 probability to a 162 Wh
load day and a 1/7 probability to a 240 Wh load day. User behavior, such as
decreased demand when charge controller indicates a low SOC is not taken into
account. The load distribution over the day is taken from Khadem (2006, p. 4).

In addition to the above, a daily noise level of 15 % and an hourly noise level of
20 % is added as suggested by Hafez and Bhattacharya (2012, p. 8), as shown in the
exemplary profile in Fig. 2.3.

In the simulation, loads are modeled as a variable resistor. The value of the
resistor is calculated by taking an average battery voltage of 13 V into account.

Table 2.2 Loads for normal use day (UNFCCC 2012, p. 6)

Appliance Load (W) Usage (h/d) Daily demand (wh/d)

5 CFL lights 30 4 120

Black and white TV 10 3 30

Mobile charger 3 4 12

Total 162

Table 2.3 Loads for an extensive use day

Appliance Load (w) Usage (h/d) Daily demand (wh/d)

5 CFL lights 30 5 150

Black and white TV 10 5 60

Radio/cassette player 5 2 10

Mobile charger 2 × 3 5 30

Total 240
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Results

For the simulated SHS located in Bangladesh, generation significantly exceeds the
demand. Figure 2.4 shows how the daily generated energy is much larger than the
daily demand for large parts of the year. Only in the beginning of the second half of
the year does the daily demand occasionally exceed the daily generation.

Fig. 2.3 Exemplary weekly load profile for one SHS
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Fig. 2.4 Daily generation (green) and demand (red)
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Over the course of a year a total potential energy generation of 97.5 kWh was
obtained, of which 31.9 % was not harvested and hence not utilized. The total
demand of 62.0 kWh was completely supplied for, as given in Table 2.4.

The state of health (SOH) of the battery, defined as the ratio of the remaining
capacity over the initial capacity, is at 96.8 % at the end of one year. The loss of
capacity amounts to 2.5 % due to corrosion and 0.7 % due to degradation. The
reason for this healthy operation is indicated in the SOC curve, as given in Fig. 2.5.
The battery hardly goes into low SOC values in normal operation. The SOC falls
under 80 % on only one occasion during the second half of the year.

Discussion

The results of this paper show a strong potential for interlinking SHS with other
units. More than 30 % of the energy generated was dumped. However, there are a
number of losses that have not been accounted for including reflection, dirt, shading

Table 2.4 Simulation results
Parameter Value Unit

Total potential generation 97.5 (kWh)

Total excess generation 31.1 (kWh)

Ratio excess generation 31.9 (%)

Total demand 62.0 (kWh)

Total disconnected load 0.0 (kWh)
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Fig. 2.5 SOC over the course of a year
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or losses in the domestic wiring which could influence the outcome of this value.
The assumptions made for the load profile play a critical role. In particular, seasonal
load variation is not being accounted for which could have a large impact.

Nonetheless, there is a significant amount of energy hidden and available to be
sold from the SHS owner to a small microgrid cluster. The initial connection to
another household with a small battery that can store and use this energy and thus
does not require any separate generation capacity could be the starting point for
such a bottom-up electrification scheme.
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Chapter 3
A Concept of DC Nano-Grid for Low Cost
Energy Access in Rural Bangladesh

M. Rezwan Khan and Edward D. Brown

Abstract Energy access is one of the major impediments in popularizing renew-
able energy based energy solutions for rural areas of the developing countries like
Bangladesh. Despite the success of Solar Home System, energy availability for
economic activities are still limited. Very small scale solar PV based grid systems,
less than 10 kW, named as nano-grid, seems to be an attractive solution. This paper
presents the idea of using DC for the nano-grids to reduce cost, retaining most of
the advantages of the regular AC grid systems for the household applications. Small
cottage industries and/or low power economic activities can also be supported from
the nano-grids that can bring in qualitative changes in the livelihood of the rural
community.

Keywords Nano-grid � DC-grid � Economic activity � Irrigation � Household load
in Bangladesh

Introduction

Cost of Renewable Energy (RE) based energy access solutions face an uphill task in
the developing world as affordability is a major issue. In the recent years, price of
solar PV has fallen significantly and the trend remains unabated. It is expected that
in near future solar PV will become one of the most popular energy source in the
offgrid/rural areas for the countries where availability of sunshine is not too low.
Although, the energy cost of a PV based system is still high compared to that of
grid power, there is ample scope for PV based energy generation for offgrid regions
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where the grid extension seems unlikely due to economic or geographical con-
siderations. Studies of off grid rural areas in Bangladesh (Khan et al. 2012) indicate
that the main fuel for lighting in the off-grid areas are kerosene based lamps (Kupi
or Harricane) and a family on average spend Tk. 200 per month on the cost of the
kerosene. Besides the high cost of this imported oil to families on low incomes,
these lamps produce significant fumes posing health threats and are prone to fire
hazards (Lam et al. 2012; Mills 2012). In the last few years, Bangladesh has
experienced an unprecedented growth of the Solar Home System (SHS) (IDCOL
2015) in offgrid rural areas. Initially, the energy cost of the SHS was very high in
comparison to grid electricity due to high PV price, but the actual cost for lighting a
house with efficient fluorescent lamps via the SHS were comparable to the
expenditure that families had been making on kerosene purchases, with the
advantage that the health hazards from the fumes and the fire hazard from the open
flames had effectively been eliminated. Additionally, people had the opportunity to
charge mobile phones and watch TV in the case of the installation of systems with
panel sizes of higher than 50 Wp (IDCOL 2015) which constituted another very
important incentive for families to opt for a SHS. As the price of the PV started to
fall, the rate of penetration of SHS in the market soared accordingly. In the recent
years higher efficiency in LED lighting and low energy LED TVs has reduced the
average PV size in SHS. Five years back, 50 W system was the most popular one
with provision for 3 fluorescent lights and a black and white TV. Today, 40 W
systems can accommodate larger number of LED lights with a low power colour
TV. Lower PV price and reduced PV size have compounded to make the systems
more affordable to the rural people. Today, more than 50,000 SHS are being
installed every month in Bangladesh (IDCOL 2015) and it is considered as one of
the fastest growing and most successful solar programs in the world.

Despite the successes of the Bangladesh SHS programme, there still remains a
sizeable proportion of the rural population for whom the costs of such systems
remain beyond their reach. In this context, solar lighting products similar to what
have been promoted via the Lighting Africa initiative (Lighting Africa 2015) have
also been proposed as a very low cost solution for these types of households.
Typically, these types of solutions use very small PV panels, sometimes termed
Pico-PV. The typical size of the PV panels vary from 5–10 W, with a small storage
battery and 2/3 LED lights. As these systems are very small, the typical cost is low
and the system is well within the affordable range of the population remaining at the
bottom of the pyramid (BOP) in Bangladesh. Recently, there are several proposi-
tions from a variety of international organizations and fund giving agencies to
implement similar systems in rural Bangladesh to promote these types of solutions
to the lighting needs of the poorest Bangladeshi communities However, before
taking a hasty decision to roll out similar programmes in Bangladesh based on the
success story of Lighting Africa, it is important to analyze socio-economic con-
ditions in rural Bangladesh which is quite different from Africa. One of the most
striking dissimilarities between communities in rural Bangladesh and most parts of
rural Africa is the much higher population density in the former which leads to
people living closely in houses clustered in a small area. This may offer possibilities
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for pursuing an alternative solution in Bangladesh. It is a common observation that
the electricity generated by smaller PV panels is more expensive than that generated
by larger panels (as, for example, the price ratio of a 100 W panel to a 10 W panel is
more than 10) as there are some fixed overhead costs like framing and the con-
nectors at the back of the panel. In other words, the larger the system the lower is
the cost per watt. Very small systems also require small sized batteries and small
sized lead-acid batteries are usually not very good quality meaning that the practical
options left are Nickel or Lithium based batteries. These Nickel or Lithium based
batteries are 4–5 times more expensive than an equivalent lead-acid battery which
also adds to the relative cost of small systems. It is estimated (Khan et al. 2012) that
the energy cost of a small system with this type of more expensive battery is almost
two times than that for a conventional lead-acid battery based energy storage
system. Bangladesh economy has been growing at a rate of around 6 % for last
12 years and demand for electricity also grows accordingly. Pico-PV systems does
not provide any opportunity for growth other than installing an additional system.

Despite all the positive features of the SHS, it has a very serious limitation in terms
of its potential to directly affect an individual household’s ability to improve its
income generation and overall quality of life (Blunck 2007; Mondal and Klein 2011,
p. 17). The energy output of a SHS is so small that it can only support the meeting of
basic lighting necessities and perhaps the charging of mobile phones and the running
of a TV as a basic entertainment for rural people. While people are debating about the
limitations of the SHS in boosting economic activities due to their low energy output,
Pico systems with even lower energy output will face further severe criticism. Studies
(Khan et al. 2012) made on energy needs in rural Bangladesh, however, indicate that
there is demand for further very important facilities. One of these is a fan for comfort
during the hot summer months and the others include income generating activities
like irrigation, saw mill, flourmill for rice or wheat crushing, rice husking machine
etc. Solar PV based irrigation in particular seems to have a very good prospect as 2/
3rd of the total number of irrigation pumps driven by diesel in the country are located
in off-grid areas. Demand of refrigerator is still very limited due to economic limi-
tations of the households.

In this paper we propose a community based small sized centralized solar PV
system, termed ‘nano-grid’ for its small size (in contrast to the larger networks
envisaged under terms such as mini-grids), that can provide energy to 15–20
households and can support small scale developmental activities like irrigation. At
the same time, we raise an important debate of DC versus AC for these small scale
grid systems keeping in mind the additional cost of conversion from DC to AC.

The Debate of DC Versus AC

Appropriateness of DC versus AC for the grid lines is a century old debate and
apparently resolved in favour of AC as the distribution system is accepted as AC
worldwide. With the development of Power Electronics, the debate has again
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revived and there are many instances of High Voltage DC (HVDC) transmission
lines where advantages of DC transmission are exploited. Unlike AC, DC systems
do not suffer from voltage drops due to inherent line inductance and charging
currents due to line capacitance. At the same time ‘skin effect’, a predominantly AC
effect that increases line loss, is absent in DC. Moreover, high efficiency DC
machines like Brushless DC Motors are getting more popular in recent years despite
of their higher cost. With increasing grid energy price throughout the world, more
efficient DC machines off set their higher price within a time span of 5 years of
usage by dint of their lower power consumption. There are already strong voices
being raised regarding the advantages of DC mini/micro grids (Khan 2012).

So far the safety and protection is concerned, DC is considered to be less safe
than AC as it is more prone to sustained arcing resulting in more frequent fire
hazards. In case of AC there is a natural tendency for arc quenching at the time of
zero crossing, which is not the case with DC. So, the conventional DC circuit
breakers are designed more rugged and are more expensive. However, recent
researches indicate that the arcing problem can be overcome quite easily by putting
capacitors across the circuit breakers (Khan and Khan 2014) and at convenient
locations in the transmission/distribution lines.

Solar PV Based Irrigation in Bangladesh

Irrigation is one of the major economic activities carried out in rural Bangladesh as
Bangladesh is predominantly an agricultural country. Bangladesh has a monsoon
climate where there is plenty of rainfall during the months from June to September.
Although water is one of the essential components for agriculture, the rainy season
in Bangladesh is not the main cropping season as flooding is a common phe-
nomenon and most of the low lying lands are inundated. The main cropping seasons
are ‘Aman’ harvested during the month of November and ‘Robi’ harvested during
the month of May. The ‘Robi’ season is predictably dry with plenty of sunshine and
with proper irrigation this is the most important crop producing season for Ban-
gladesh. However more than 60 % of the rural area is not connected to the national
electricity grid and irrigation mainly depends on diesel based engines in these areas.
The cost of diesel in the city areas is about US$0.88 per litre and it is at least 20 %
higher in the rural areas due to the additional of transportation and storage costs.
Bangladesh imports US$1 billion worth of diesel every year for use in the agri-
cultural sector alone (http://www.nationmaster.com/). The cost of diesel based
irrigation at the field level is US$0.27 per kW-h equivalent of electricity. The
irrigation pump owners charge 20–25 % of the crop produced for irrigating the land
for a season depending upon the location and nature of the agricultural land.

Under the prevailing condition, our studies presented here, indicate that with the
present price of PV panels and available solar radiance, solar PV based irrigation
can be competitive to diesel based irrigation in Bangladesh. However, it is
important to understand that irrigation requirements in any particular season vary
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with the rain fall, the type of crops grown etc. Any dedicated irrigation scheme,
where PV does not supply energy to any other load, face energy wastage during the
non irrigating months (from June to September). So, for any PV-based alternative
that can replace diesel based irrigation, it is very important to integrate the irrigation
scheme along with a rural grid so that PV energy will have alternative usage. In a
rural household in Bangladesh light, TV, fan and mobile charger are the main loads
with the fans accounting for more than 70 % of the energy demand (please see
Table 3.1). So it is easily foreseen that the load demand is higher during the summer
months due to wide spread demand for fans. Hence, seasonal variation of household
load and availability of sunshine plays a very important role in designing a cost
effective and efficient solar PV based system. During the main irrigating months
(February to May) sunshine is higher than the annual average by around 20 %, the
temperature is relatively low and household demand for electricity is also low. So,
we would expect that the higher sunshine during the irrigating months can very
effectively be utilized for irrigation without causing shortages for household energy
consumption. During the months of June to September, the weather is cloudy and
there is plenty of rainfall. Lower sunshine during this season results in less pro-
duction of PV energy but needs to cater only the household demand as irrigation is
not required. Hence, if we consider the distribution of sunshine and the seasonal
variation of energy demand that includes irrigational demand, electricity require-
ment would appear to match the availability of PV output. This ensures maximum
possible utilization of the PV power leaving very little option for wastage.

The Concept of DC Nanogrid: Its Appropriateness
in the Context of Bangladesh

Drawing together the discussion in the previous sections, it can be seen that the
nano-grid idea is based on the fundamental concept of the Solar Home System,
where the basic necessities of households are met, but at the same time some small
scale applications like irrigation can also be incorporated. This concept takes
advantage of the fact that houses in Bangladesh are usually clustered together in

Table 3.1 House hold
consumption (summer
months)

Light Fan TV

% House hold (HH) 100 100 25

No./HH 3 2 1

Watt/unit 5 20 30

Hrs of usage, h 4.5 8 8

Diversity 0.8 0.8 0.8

Energy/day, W-h 54 256 48

Total/day, W-h 358

Avg. load/HH, W 62.5
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rural areas in a group of 15–20 houses (within a diameter of less than 150 m). A
schematic diagram depicting the concept is shown in Fig. 3.1. In the proposed
nano-grid system, something like a 1.5–2 kWp PV system is installed in a small
cluster of households within a radius of 60–70 m and power is distributed to 10–15
households from this system. The PV panels and the battery used in the proposed
nano-grid will be connected in series in such a way that the grid voltage is 220 V
DC (nominal) and the households are supplied with this voltage. Roof top locations
of one or two houses will be chosen for PV installation and the storage battery will
be placed in a convenient location close to it.

As described in the later part of this section, the main household loads for this
system are likely to be light, TV, fan and mobile phone. The LED or CFL lights and
TV have their own built in controller circuits that make them insensitive to DC or
AC supply. These days, brushless DC fans are widely available in the market.
Although the brushless DC fans are more expensive, they are much more efficient
(*80 %) than the usual induction motor based AC fans (efficiency *60 %). The
higher cost of the brushless DC fans is likely to be compensated within three years
considering the lower power consumption of the fans. However, in case of irri-
gation pumps or some other income generating activities a separate inverter is likely
to be needed. The advantage of the DC grid is its low cost, as no inverter is used
and at the same time this avoids inverter energy losses. Our preliminary estimates
indicate that there can be around 25 % cost saving by avoiding inverters in the grid
(assuming an inverter cost of US$0.7/Watt for small inverters and an average
conversion loss of 5 %).

The average typical household (HH) load in rural Bangladesh in the summer and
winter seasons are given below in Tables 3.1 and 3.2. While 100 % of the
households ask for light and fan, only 25 % can afford to have TV. The demand for
refrigerator is not considered at this stage as it goes beyond the affordability of the
average households.

Considering the typical load in a household, the expected summer time (May to
September) load is around 2.5 times the expected winter (November to March)
household loads. This, as explained above, is due to the fact that there is expected to
be high usage of fans in summer due to hot weather condition. From Tables 3.1 and
3.2 it can be clearly seen that fans constitute a significant part of the household load

pump
Battery 

Fig. 3.1 Schematic diagram
for the nano-grid

38 M.R. Khan and E.D. Brown



in summer whilst the zero fan load in the winter months reduces the total load to
less than half. Although the mobile charger is an important component, its actual
energy consumption is very small and has not been included in the tables. The
surplus generated from the significant fall in the household demand is proposed to
be used for developmental activities like irrigation during the dry months.

Figure 3.2 shows the average daily solar radiation on a horizontal flat surface in
Bangladesh. The main irrigation season is from February to 1st week of May and
the weather remains reasonably dry and cool until the end of April. It is interesting
to note that sunshine is higher during these months, which together with relatively
low demand for fan-use in the house holds during this period generates sufficient
surplus energy to divert it for irrigation. Our preliminary calculations show that a
small pump of 1.1 kW (1.5 HP) can be easily run to irrigate the fields. During the
months after June, the rainy season starts and demand for irrigation is reduced to
around 5–10 %.

At this stage a question may be raised regarding the motor driver of the pump—
should it be AC or DC. It is a well accepted fact that DC pumps are more expensive
than AC pumps with simpler driver circuit. On the other hand an AC pump will
require an inverter as the nano-grid is proposed to be DC. If the option is for an AC
pump, an inverter is needed any way and it may appear that the merit of the

Table 3.2 House hold
consumption (winter months) Light Fan TV

% House hold (HH) 100 100 25

No./HH 3 2 1

Watt/unit 5 20 30

Hrs of usage 6.0 0 10

Diversity 0.8 0.8 0.8

Energy/day, W-h 72 0 60

Total/day, W-h 132

Avg. load/HH, W 22.5

Fig. 3.2 Month wise average
daily insolation in Bangladesh
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proposition for a DC nano-grid would look less attractive. It is important to
understand that the actual size of the inverter for the pump is much smaller than the
size of the inverter required in the grid and at the same time isolated motor driving
inverters will cost less per watt than the grid type inverters.

Although the sunshine is lower during the rainy season (June-September),
absence of irrigation makes the overall energy demand lower and a well-designed
system should be able to cope quite satisfactorily with household demand. For a very
small system, we estimate that a 1.1 kW pump and 10 households can be supplied
with the necessary primary energy needs using a 1.9 kWp PV system with a 480 AH,
12 V battery as storage. Although the proposed nano-grid uses battery backup for
supply of energy during the night hours, irrigation can be done during the day time
without battery backup that reduces the cost of electricity for irrigation can make the
scheme commercially viable. It is worth mentioning that the requirement of battery
backup increases the cost of PV energy by more than 60 %. During the day time it is
recommended that the pump will run from 10.00 am to 2.30 pm. The rest of the time
will be dedicated to battery charging. At the same time, the panel size is such that it
can generate enough energy even in rainy, cloudy or foggy days to keep the battery
size smaller compared to those used in SHS. Figure 3.3 below gives a month wise
energy demand and production scenario for such a system.

A Calculation for Water Delivery for a Small Irrigation
Pump

A 1.1 kW (*1.5 HP) irrigation pump can run quite satisfactorily if the input power
is within 1000–800 W. A 1.1 kW electric pump driven by an inverter, having an
overall efficiency of 50 %, can pump around 90,000 l of water per day (4 h of run
time) from an average head of 7 m. In the case of a submersible deep tube well the
figure will be significantly lower due to the higher water head. Most of the irrigation

Fig. 3.3 Month wise average daily energy (kW-h) budget for a 1.9 kWp PV nano-grid supplying
power to 10 households and an irrigation pump of 1.1 kW
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pumps in Bangladesh use shallow tube wells not exceeding a depth of 6–7 m. Rice
is the most important crop in Bangladesh that needs irrigation during the dry
months, 90,000 l per day can irrigate about 6–7 acres of rice field for a whole
season (3 months). In the case of other crops like vegetables, wheat or maize the
area of irrigated land will be much larger as they require less water than rice
cultivation.

The Cost Calculation for the Proposed Nano-Grid

Cost of the system and electricity
The description of a model system is given below

Size of the PV—1.9 kWp
Size of the battery bank—480 AH at 12 V
One irrigation pump (AC)—1.1 kW (1.5 HP)
No. of households—10
Summer load per house hold—360 W-h per day
Winter load per house hold—135 W-h per day

Estimated total cost of the system including installation and accessories is US
$4652. Based on IDCOL model of financing (50 % grant, 30 % loan at 6 % interest
rate for 8 years and 20 % equity) energy cost for house hold electricity is US$0.35/
kW-h and energy cost for irrigation is US$0.20/kW-h.

Considering a monthly connection charge of US$1.25 electricity bill for an
average household for summer months is US$5.0 and that for winter months is US
$2.7. Corresponding irrigation energy cost per season is 10.7 % of the crop produced
for rice fields. As mentioned earlier, the usual charge for diesel based irrigation is
20–25 % of the crop produced in the irrigated fields. It is worth mentioning here that
the average energy cost in a SHS under a similar financing model is close to US
$0.50. As SHS has only fixed load of light, mobile charger and/or TV, it cannot
accommodate the seasonal variation of sunshine resulting in underutilization of the
available PV energy. The nano-grid provides energy at a lower cost with more
options for household gadgets. Apart from household use, it can incorporate a small
sized irrigation pump that can have significant impact on agriculture.

Conclusions

The paper points out the fact that many of the household gadgets are insensitive to
DC or AC and does not require any additional modification when used with DC.
DC machines, usually more efficient than the AC machines, are getting less
expensive and becoming more affordable. So, in an off grid rural area DC becomes
the natural choice in the case of a newly built PV system for the supply of
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electricity. The paper proposes the concept of DC nano-grid highlighting its tech-
nical advantages and some of the economic and social considerations involved in
their development. These are not capital intensive solutions as their size is quite
small and can be easily implemented in a small community overcoming the
financing difficulties; unlike, for example, the case of large scale mini-grids (Ulsrud
et al. 2011). At the same time, supply of DC voltage instead of AC at the household
level avoids the relatively high cost of inverters eliminating inverter losses, par-
ticularly when the load demand is less than 10 % of the peak during late night
hours. Incorporation of irrigation ensures limited scale of economic activities
involved with nano-grids that will bring qualitative change in the livelihood of the
rural population.
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Chapter 4
Experience from First Solar Mini Grid
Service in Bangladesh

Hasna J. Khan, Asma J. Huque, Kaysar Ahmed Sagor,
Tanvir Ahmed, Rashedul Alam and M. Riazul Hamid

Abstract A 100 kW Solar mini grid service in the remote off-grid rural market of
Sandwip island of Bangladesh has shown technical and commercial viability for the
service provider. Financial planning of solar mini grid requires an optimum blend of
consumer categories to ensure maximum socio-economic return on investment.
Demand and supply side energy management is an important component of stable
power supply from the solar minigrid. Policy-wise, subsidized financing with
attractive incentives for the private service providers is essential at this early stage
of solar mini-grid deployment.

Keywords Solar minigrid � Sandwip island � Bangladesh

Introduction

Despite its large population, Bangladesh has achieved substantial economic growth
over the last 15 years. Deficient infrastructure prevents the country from achieving its
full growth potential. This situation is particularly evident in the economically dis-
advantaged remote and rural areas. Whereas access to energy is a priority in the
development framework, much work needs to be done on basic infrastructure for
rural electrification. Remote and dispersed areas are currently adopting off-grid
electrification as a viable alternative to the national grid service. In a country where
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Solar Home Systems (SHS) was established as a complementary solution to grid
electrification, national interest has proven it to be the most viable off-grid electrifi-
cation today. Prokaushali Sangsad Limited (PSL) was engaged in providing the
original concept leading up to the final SHS program design (World Bank 2001).
Currently Bangladesh deploys over 70,000 SHS per month, with over 2.6 million
(IDCOL 2015) in total, under the national solar home program executed by Infra-
structure Development Company Limited (IDCOL). This is one of the most suc-
cessful off-grid SHS programs, with the highest installation rate in the world today.

Similar to SHS, solar minigrid can also offer reliable service for rural off-grid
areas in Bangladesh (Khan and Huque 2012). With the initiative and technical
support of PSL, private utility company Purobi Green Energy Limited (PGEL) has
invested in the nation’s first commercial solar minigrid in a southern coastal island
of Bangladesh with financing from IDCOL. Germany based Asantys Systems, with
local partner Energy Systems, installed the solar minigrid technology in un-elec-
trified Enam Nahar market in Sandwip island. Various productive end-use revealed
the potential economic benefits from clean solar power compared to the previous
micro diesel generators. Commercial enterprises switched from diesel service to
solar. Similar application of solar mini grids for the vast number rural markets in the
off-grid locations can offer significant improvement of socio-economic condition of
this underserved population. Although rural markets show the maximum potential
for solar mini grid application, clustered households adjacent to the markets are also
additional beneficiaries. The experience of PGEL shows that a suitable mix of
consumers is important for the success of a sustainable business, while also
ensuring social and environmental benefits. Additionally, policy-wise, subsidized
financing with attractive incentives for the private service providers is essential at
this early stage of mini-grid deployment.

This paper outlines the technical and business viability for operating solar mini
grid in the remote, off grid locations of Bangladesh. Having the first installation of
its kind, currently PGEL is the only utility company in the country which operates
as a solar minigrid service provider, receiving technical support from PSL. Hence,
this pioneering experience has become a learning platform for other investors,
financing and developing agencies, in addition to the policy makers. Some of the
national clean energy policy decisions for off-grid rural electrification business
models are being made using the experience gained from Enam Nahar Market.

System Design and Planning

Consumer Profile in Enam Nahar Market

A survey was performed by PSL in 2008 to collect information on power demand
of about 200 small and large enterprises in the project area. Initial survey showed
that Sandwip Island had a dynamic population with several diesel electrification
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services providers supporting the general public. Several educational institutions,
health service centers, hospitals, major markets, computer service centers were
present in Enam Nahar market. Although major businesses operated with their
captive power, general shops in the markets received electricity from private diesel
micro-grid service providers. Such services operated on an adhoc basis for about
5 h a day. Households were found to be un-electrified in general, unless using
individual solar home systems. Power lines used by the private service providers
were of poor quality since they were not implemented considering efficiency and
line loss. The service providers also did not account for their own time spent,
therefore the cost of power production was arbitrary for the private business men.
A diesel generator owned and operated by the government occasionally operates in
Sandwip island for 3–4 h a day serving local government offices in the adminis-
trative center, which is situated about 5 km from Enam Nahar Market.

Business Plan

The planning of the project envisioned that a solar mini grid could serve the basic
needs of commercial enterprises within Enam Nahar Market and some adjacent
households, in addition to local schools and health centers. PGEL was hence
formed with an objective of serving this remote location with state of the art mini
grid technology. The level of services to be offered were to be based upon the needs
of its clients, and quality of service would follow the standards of the national
distribution grid.

Total estimated cost of 100 kW PV plant with 40 kW Diesel backup would be
$730,000 (2009 price), including hardware, site development, civil works for an
office building, distribution line, and 5.4 % soft cost for technical assistance etc.
The financial plan consisted of (a) equity, (b) soft loan, and (c) grant. The business
forecast with financial analysis showed the service to be financially viable under the
loan scheme of 30 % at an interest rate of 6 %, with a tenor of 11 years with 2 years
grace period offered by IDCOL. In addition to the loan, a grant of 50 % (KfW grant
for Pilot Project) and PGEL’s equity of 20 % of cost constituted total investment in
the mini grid. Keeping an affordable tariff with service hours of 9 am to 11 pm year-
round, while retaining adequate revenue, was key to the financial viability.

Tariff for Electricity

People residing in remote locations of Bangladesh pay one of the highest rates for
electricity from diesel powered micro-grids. Surveys showed that most of the
commercial enterprises of Enam Nahar Market were using diesel micro-grid ser-
vices. Depending upon the type of appliance being used, daily rates being converted
to tariff ranged from $0.56 to 0.96/kWh as shown in Table 4.1. Such high rates from
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diesel generated power was endured due to the high demand of electricity for
commercial activities in the market.

Preliminary surveys suggested that the potential consumers of a solar mini grid
in Enam Nahar Market were eager to pay an equivalent amount to cover their cost
of service, considering its reliability and scope of modernization with alternative
energy. Based upon tariff prior to solar electrification, financial analysis and project
financing criteria of IDCOL, PGEL set the tariff at 32 Taka/kWh ($0.40/kWh) with
a connection charge of about $67 for all new consumers.

Hardware and System Configuration

In September 2010, a 220 V mini-grid of 100 kW solar PV coupled to a 40 kW
Diesel backup system was commissioned to meet partial demand of electricity for
the people of Enam Nahar Market of Sandwip island. The layout of the grid
connected and bidirectional inverters, with solar modules and battery bank is shown
in Fig. 4.1.

For nominal power of 64.8 kW, the PV modules are connected to 6 grid tied
11 kW inverters (Sunny Mini Central of SMA with MPPT), supplying directly to
the 220 V mini-grid distribution line. Three phase AC distribution line is configured
through the multi-cluster box, which is the interface for all connectors and controls.
The unused portion of the generated power is stored in the batteries through 12
bidirectional inverters called Sunny Islands, distributed in 4 clusters. Additional

Table 4.1 Tariff prior to
solar in Enam Nahar market Appliance Watts kWh/day $/kWh

CFL lamp 24 0.132 0.96

Ceiling fan 60 0.33 0.77

Florescent tube 40 0.22 0.58

Television 40 0.22 0.58

Fig. 4.1 Configuration of
solar power plant (Courtesy
SMA, Germany)
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40 kW of PV are generated and stored directly into the same battery bank through
DC battery chargers (SIC40 with MPPT). The power plant has a total 96 batteries in
4 battery banks with total 12,000 Ah (48 V). The battery bank is sufficient to cover
the evening load of the market with average insolation. During the worst season of
solar irradiation and low state of charge of the batteries, backup power is provided
by a 40 kW Diesel generator, which also provides the equalization charge to the
battery bank.

Total land used by PGEL for the solar power plant is 0.61 acres. Area
requirement for 100 kW solar PV (Kyocera brand) was about 1500 m2, which
includes the ground mounted solar park along with the roof of the office building.
Beyond solar plant design, site development, various licensing, civil and fieldwork
supervision were done by PSL. Attempt was made to use the pre-existing power
grid lines belonging to Bangladesh Power Development Board (BPDB). The BPDB
lines were never energized in 20 years due un-economic production cost from diesel
fuel. Unfortunately the beaurocracy became complex, and cable condition was not
guaranteed. Moreover, since adoption of state owned property would not be
practical within a non-government project, PGEL procured its own 5 km distri-
bution lines for the solar plant.

A three phase distribution line with 220 V AC bus line is connected to the bi-
directional inverter-battery assembly through a multi-cluster interface for mini-grid.
The power station being located in the central part ofEnamNaharMarket, three separate
phases extend in different directions, with a balanced load from the consumer end.

As shown in Fig. 4.2, estimated load profile of the plant had a peak power
exceeding 40 kW from 7 to 10 pm in the evening, where lighting contributes mostly
to the load.

Much attention was then given to Demand Side Management (DSM) of the
service. In order to minimize evening load, the consumers were encouraged to use
only Energy Saving compressed florescent lamps (CFL), and appliances with
standard specifications. A major campaign followed to introduce efficient LED
lamps to replace all other types of lighting devices, in addition to energy efficient
fans and motors. Distribution line, circuit breakers, service drop lines, and house-
hold meters follow the specification standards of the rural electrification coopera-
tives of the Rural Electrification Board (REB) of Bangladesh. Each consumer is
billed on a monthly basis based upon individual electric meter readings.

Fig. 4.2 Planned load distribution for service
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Results and Discussion

Since October 2010, the solar mini-grid of PGEL serves areas surrounding the Enam
Nahar Market to provide electricity for basic lighting, fans, computers, printers and
various appliances used on a daily basis. To date the plant has generated more than
320MWh from solar PV, with a specific yield of 104 kWh/kWp (monthly average for
2013), displacing 222,230 kg of CO2. Generation from backup Diesel is below 10 %
of total supply of PGEL during last six months of 2013.

Up to December 2013 the service was being offered to a total of 230 consumers
who had taken connection gradually over three years, as shown in Fig. 4.3.

The major focus was to serve enterprises that can benefit from profitable income
generation through the use of reliable electricity. It took about one year for general
consumers to build confidence in reliability of the services of PGEL before they
collectively decided to disconnect from the earlier diesel services. Uninterrupted
electricity for 13 h from PGEL proved to be very attractive for the consumers,
which is not even available in major cities of the country.

Based upon the type of activities performed, all the consumers fall into diverse
groups of four categories as shown in Table 4.2, where SMEs form the major 58 %.
Based upon average consumption pattern, the consumers are classified into three
classes as shown in Table 4.3. It is noteworthy that each class nearly equally share
the total energy produced and sold by PGEL.

Fig. 4.3 Consumers growth of PGEL

Table 4.2 Energy used by
diverse group of consumers Consumer type Total number Total kWh

Small and medium enterprise 136 105,308

Institutions 54 82,876

Households 35 12,538

Small industry 5 4515
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Monthly load pattern: Seasonal variation of load can be seen through the annual
energy consumption shown in Fig. 4.4. Overall trend in energy consumption is
related to the increase in consumer base of PGEL (Fig. 4.3). Between November
and February fans are not used, therefore energy consumption is low during this
period. With the onset of hot days in summer, electricity usage increases from
April, followed by cooler temperature and less use of fan during the monsoon in
July, and a peak demand for electricity appears in August of each year.

Daily load pattern: Although the initial survey indicated a peak load in the
evening (Fig. 4.2), according to the actual daily load pattern of an average day
shown in Fig. 4.5, there are two peaks in total energy usage. One peak appears

Table 4.3 Classification of consumers of PGEL

Consumer class No. kWh/mo./cons. % Total sales

Large cons. (>100 kWh) 16 173 36.9

Medium cons. (41–100 kWh) 36 59 28.3

Small cons. (1–40 kWh) 178 15 34.8

Fig. 4.4 Monthly load pattern and energy consumption

Fig. 4.5 Daily load pattern of PGEL
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around 12 PM when the offices, health centers and institutions are in full operation.
Another peak appears between 7 PM and 10 PM, mainly for evening lighting and
other commercial activities of the SMEs in the market. Since the nighttime use of
electricity is mainly from battery storage, the load distribution restricts the use of
power-intensive equipment for commercial activities during night. Specifically, the
effort is to ensure complete charging and protection of the batteries from over
discharge. According to the daily charging pattern, the batteries are mostly charged
between 6 am and 1 pm, which leaves the afternoon power for various productive
end uses. Hence water pumping and medical equipment of the health center are
encouraged to operate at daytime. Such energy management is an important
component to ensure a stable power supply by PGEL.

Revenue from Solar Mini Grid Service

A continued growth in revenue shown in Fig. 4.6 and Table 4.3 indicate sustained
business of PGEL, where the operating costs are totally recovered following debt
service coverage of IDCOL of about $74,000 up to September 2013. Total oper-
ating cost (not including debt service) of PGEL is about 25 % of monthly revenue.
With the growth of consumer size, the services of a local bank is being used for
monthly bill collection (Table 4.4).

Challenges Faced by Mini Grid Service

Policy Uncertainties: Many potential risks remain with the first time investors and
project implementers, and PGEL has experienced several such ordeals. Overcoming
regulatory inertia, including undefined policies, has been a major drawback. Given
that solar mini grid is a new technology, it is experiencing special scrutiny from
development organizations, financing institutions, and BPDB, to gauge its true

Fig. 4.6 Monthly revenue of PGEL
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merit as remote area power provider. Environmental clearance for renewable energy
based power plant needs to be simplified and streamlined. Policy for allocating
concessionary market for private sector needs to be in place to avoid future threat
from highly subsidized public services to enter in the same area. And finally,
financing agreements between project implementer and investors need to be stan-
dardized. A recent document “Guideline for the Implementation of Solar Power
Development Program” (MEMR 2013) has looked into some of the issues.

Project Cost: Estimated budget for the project was $730,000, where 89 % of the
capital cost was for hardware. The high level of investment on hardware is typical
for renewable energy projects, especially for solar, where the first cost is high and
operating cost is minimal.

Due to the nature of load distribution, the peak evening load of PGEL is sup-
ported with batteries. The energy storage system through flooded lead acid batteries
was 26 % of total hardware cost. These are industrial type batteries with a service
life of 10 years, whereas the plant life is estimated to be 20 years. Total replacement
of the battery bank at the end of its useful life is a challenge to PGEL, which will
also increase the life-cycle cost of the system. Recurring backup diesel fuel cost
must also be managed over time by spreading the peak power load, especially the
energy intensive loads in the market. Hence, the cost incurred for energy storage
with batteries, and use of Diesel fuel for backup power are two significant costs in
financial viability of the plant.

Subsidies and Incentives for RET: IDCOL plans to support 50 solar mini grids
by 2016, with similar financing scheme as PGEL. It should be noted that 50 % grant
fund reducing the capital cost is an essential element for financial viability of such
services. Moreover, there must be reasonable certainty that the public grid will not
extend its services to the area in the near to medium term. Otherwise, sponsors
would demand compensation for their assets in favorable terms, since their cus-
tomers might opt for the drastically reduced subsidized tariff, even if reliability is
low. PGEL’s minigrid being first of a kind power project, it is used as a demon-
stration that feeds into subsidy policymaking, which, however, in this case, is a risk
to the private investors.

Table 4.4 Revenue trend of
minigrid service 2011 2012 2013

Total revenue ($) 24,446 39,138 44,319

Connection charge (%) 33 11 4

Electricity sale (%) 67 89 96

Total operating cost ($) 4891 9248 11,527

Diesel (%) 1 20 25

Others site expenses (%) 43 31 15

Salary 56 49 60
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Conclusion

The data presented in this study undertaken by PSL provides a reference for future
solar mini grid configurations for remote rural markets in off-grid areas of Ban-
gladesh. It provides an overview of commercial viability of solar mini grid service
with special financing, keeping reliability of service as the priority. In the long run it
may be worthwhile for the REB/PBSs to consider solar mini grid service in the
remote un-electrified locations. Economic viability of such services is open for
discussion on public-private partnership.
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Chapter 5
Prospects for Electricity Access in Rural
India Using Solar Photovoltaic Based
Mini-Grid Systems

Leena Chandran-Wadia, Shruti Mahajan Deorah, Sameer Nair
and Anshuman Lath

Abstract Solar photovoltaic (PV) based mini-grid systems have the potential to be
an environmentally friendly and sustainable long term solution for electricity access
in India. However, the high upfront costs of these mini-grids present policy makers,
entrepreneurs and consumers alike with difficulties in financing them. Other chal-
lenges to their implementation stem from socio-economic issues and from the lack
of adequate support from government agencies. We assess the potential for
deployment of solar PV based mini-grids in rural India, for the provision of on
demand electricity access, 24 × 7, beyond just lighting. We describe one very high-
quality off-grid installation in detail, in operation for over 2 years now, that
exemplifies the challenges involved in providing sustainable and scalable solutions.
We highlight some of the best practices that have been brought out in this instal-
lation. We review the policy measures of the Indian government in the context of
scaling out such innovative solutions, not just in remote off-grid villages and
hamlets but also in grid-connected villages, and argue that the elusive goal of 100 %
electrification can in fact be achieved by the year 2022, when India turns 75, given a
conductive policy environment.
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Introduction

India is blessed with tremendous solar potential, given its daily average solar
reception1 of 4–7 kWh/m. Solar PV based mini-grid systems are relatively easy to
install, can be scaled with increasing demand as needed and require minimal day-to-
day intervention, which make them particularly suitable for use in rural India. Solar
energy based lanterns, small home systems, and water pumps are already being
widely used around the country. A compelling reason to deploy mini-grids2 how-
ever, is the opportunity to provide ‘on-demand electricity, 24 × 7’, beyond just
lighting, to rural homes and businesses so that livelihoods can be enhanced.

Of the 300 million or more Indians who do not have access to electricity today
(Census of India 2011), it is estimated that approximately 10 million3 live in
villages and hamlets that are too remote for the grid to reach. Estimates of the count
of such villages or hamlets vary from anywhere between 11,0004 to about 50,000.
There is consensus that in these standalone villages and hamlets, renewable energy
based electricity access can be a long term solution rather than a stop-gap one—‘till
the grid arrives’. The goal here would be to provide electricity that is available
24 × 7, for both household and commercial consumption, using appropriately sized
solar PV mini-grids, either AC or DC, optionally hybridized with other renewable
sources such as wind, biomass or micro-hydro.

The surprise is that the bulk of Indians living without electricity, some 290
million or more, reside in villages that are considered electrified! The Ministry of
Power (MoP) of the Government of India (GoI), which holds the mandate for
electrification, requires just 10 % of the homes in a village to be connected to the
grid in order to declare the village as electrified. This is why, despite having
achieved over 96 % electrification, we have on average 44 % of rural households
that are still not connected to the grid. As many as 84 % households in Bihar, 63 %
in Uttar Pradesh and Assam and 54 % in Jharkhand are not electrified.

Although the bulk of the villages are electrified, they are still not ‘energized’—
there is insufficient supply of electricity. Metering, billing and collection is another
traditional weakness in the system. Many households choose not to get connected
to the grid because they are wary of unreasonable billing and the high upfront fees.
Although several households resort to tapping electricity illegally through unofficial
connections, there is no real incentive for them to get connected because the
electricity supply from the grid is so erratic. Other reasons for many households not
being electrified include issues related to accessibility and the large distances

1 http://www.mnre.gov.in/schemes/grid-connected/solar/.
2 The Government of India distinguishes between micro-grids (<10 kWp) and mini-grids
(between 10 kWp and 250 kWp). For the purposes of this paper we refer to both as mini-grids.
3 Assuming there are 50,000 small, remote, villages each consisting of 40–50 households and
accommodating 200 residents on average.
4 Private conversation with officials from the Ministry of New and Renewable Energy, Gov-
ernment of India.
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between clusters of homes within a village, and ‘right-of-way’ issues that prevent
cables being laid to more homes. Grid-connected mini-grids can be set up in such
locations provided the policy environment is made conducive.

Research Objectives

We attempt to understand the difficulties associated with implementing solar PV
mini-grids at scale in rural India, and to highlight best practices in mitigating these
challenges. Although there are some technological and sociological barriers to
ensuring the sustainability and longevity of installations, the main challenge is
financial—the high upfront costs for the panels, the balance-of-system, and the
costs for installing, servicing and maintaining these in remote locations. The
Ministry of New and Renewable Energy (MNRE) of the Government of India (GoI)
subsidizes 30 % of the costs of such systems under the Jawaharlal Nehru National
Solar Mission (JNNSM). Another program of the GoI for remote, off-grid, locations
called the Decentralized Distributed Generation (DDG), from the MoP, provides
90 % subsidy which is disbursed through the State governments.5 Despite this
seemingly generous subsidy very few private entrepreneurs have set up solar PV
mini-grids so far. This is primarily due to two reasons: (1) the complex mechanisms
used by the government ministries for disbursing subsidies that do not inspire the
confidence of entrepreneurs. This is borne out by estimates that suggest that
subsidies to the tune of Rs. 10 billion (Rs. 1,000 crore) are yet to be paid out to
vendors by MNRE, despite installations having been completed some years earlier;
and (2) unclear policy with respect to connectivity to the grid should it were to
come. The objective of this paper, which is based on a detailed research report
(Deorah and Chandran-Wadia 2013), is to identify design considerations and
characteristics of successful PV mini-grids installations that adequately address the
issues facing attempts to scale.

Methods

We have visited and gathered data from many mini-grid installations around the
country—the technology and financial models used and the challenges faced by
them. These include some of the installations by Husk Power Systems, Mera Gao
Power, DESI Power, SunEdison and Chhattisgarh Renewable Energy Development
Agency (CREDA) among others.

5 http://powermin.nic.in/whats_new/pdf/Guidelines_for_Village_Electrification_DDG_under_RG
GVY.pdf.
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Gram Oorja has also conducted detailed surveys in about 100 villages, on behalf
of Shakti Foundation, to assess the potential for deploying mini-grids. They
interviewed villagers in a group of 10–12 residents, on average, at each location to
try and gauge their capacity and willingness to pay for electricity, based on their
baseline expenditure on lighting and mobile charging. The results clearly indicate a
strong desire for electricity beyond lighting and little or no resistance to the idea of
paying for electricity services. An average monthly billing of Rs. 100–1506 is
completely feasible and the numbers are even higher in some of the more pros-
perous villages. Indeed the fact that villagers are already spending such amounts on
kerosene and mobile charging is being used by most mini-grid operators around the
country as a baseline for creating their business models.

We present a detailed case study of a 9.36 kWp solar PV AC mini-grid system
installed by Gram Oorja at Darewadi, a small breakaway hamlet nestled in the
Western Ghats in Maharashtra, not recorded as a separate hamlet/village in the
Census of India. It is inhabited by 39 families of Mahadev Koli tribals, totaling
approximately 200 residents, who practice rain-fed farming (growing just one crop
a year) and gathering wild herbs for the Ayurvedic industry for their livelihood.
These villagers have been enjoying access to on-demand electricity, 24 × 7, for
about 2 years now. Each home has been given basic lighting (2–3 LED bulbs
totaling 10 W) and one plug point for use in mobile charging, for installing a TV,
computer, or other appliances. Street lights and lighting for common areas have also
been provided. The installation, which cost Rs. 3 million, was funded by Bosch
Solar as part of a techno-commercial pilot and the MNRE subsidy was not availed.

System Design, Maintenance and Management

The system cost at Darewadi is relatively high, partly due to its remote location but
partly also due to special local considerations. One of these is that Darewadi
receives three months of very heavy rainfall each year, during the monsoons, along
with strong winds and continuous rain spells lasting for over a week sometimes.
Gram Oorja therefore set the solar panels in concrete to withstand winds of up to
200 km/hr.

Keeping in mind the fact that electricity generation can be relatively low for long
intervals during the monsoons, Gram Oorja also created three separate feeder lines
—one each for households, street lights and commercial loads. A local caretaker,
trained by them, manually prioritizes electricity to households during periods of low
generation switching off even the street lights if necessary. The strategy has worked
well and the villagers have had to go without electricity for as little as 5 days in

6 The exchange rate is approximately Rs. 62 to 1 US Dollar.
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2013. Commercial7 loads are only allowed during the day when the panels are
generating electricity. This allows the system to be provisioned with minimally-
sized battery banks.

Sizing the system with a larger battery could have avoided the days without
electricity but it would have driven the costs up substantially, both initial capital
expenditure as well as replacement costs. Gram Oorja sized the battery system to
provide backup for just one night, rather than the three nights that most designs
provide for. The battery bank comprises a 600 Ah, 48 volt, system that can store
28.8 kWh of electricity at 100 % capacity. At a prescribed depth of discharge of
50 % this provides usable electricity of 14.4 kWh which is sufficient to meet the
overnight needs of households as well as street lights. With the street lights swit-
ched off it can last much longer, a few days. A battery of this size costs approxi-
mately Rs. 250,000 and needs to be replaced every 4–5 years.

Each home has a metered connection and is fitted with a circuit breaker that cuts
off unusually high loads. The distribution wiring at Darewadi has been done
completely professionally, as per the regulations of Maharashtra’s State Electricity
Regulatory Board. Notwithstanding the ease of installation that comes from simply
stringing wires over trees (Ferris 2014), it is best for the safety of the village and for
long-term sustainability of the assets, that wiring to individual homes is done as per
the standards prescribed for the grid. Doing this has increased the initial capital
expenditure substantially, but it has also ensured that Darewadi has a completely
grid-like installation that balances out the higher initial cost with longevity and
reduced long term maintenance costs since frequent interventions for repairs are
avoided. We believe that such a safe, grid-like installation must be adopted as a best
practice by the government and incorporated into its policy framework.

A village trust, consisting of 7 members, has been created to take charge of the
assets and to oversee their care. Everyday maintenance for the panels and battery,
and management of the feeder lines when necessary, is done by a young man from
the village who has been trained for the purpose and is paid by the trust. The land
for the panels and for the construction of the safe room for balance-of-system has
been taken on a 25-year lease from a family, who are given free electricity in lieu of
rent. It is critical that villagers are made stakeholders in this way through initial
ground-work aimed at building trust based relationships. Ownership by the com-
munity not only ensures safety of the installation, but also minimizes payment
default as is evident in Darewadi.

The Darewadi system was designed to accommodate substantial growth in usage
over time. The initial usage, during the 1st year, was just 30 % of capacity. With the
recent addition of a couple of water pumps, utilization has touched 50 %. Since
commercial loads are relegated to daytime use only, there is still plenty of room for
growth for several years. The exact pattern of growth remains to be seen. The actual

7 The original thinking with regard to commercial loads was that local entrepreneurs could use
electricity to provide value-added services to the community. However, only shared community
resources have come up so far. No differential pricing for this ‘commercial’ load has been
envisaged.
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pattern of consumption recorded at Darewadi for a period of 400 days is shown in
Fig. 5.1. Two trends are clearly visible—the lower generation and consumption of
electricity during the 3 months or so of the monsoon period, and the overall increase
in consumption over a period of 1 year. The fortnightly average for consumption
grew by 47 % during this period.

Costs and Tariff

The tariff at Darewadi has been designed to create a corpus that will cover the cost
of maintenance and battery replacement every 4–5 years.8 While the effective tariff
being charged is Rs. 20/kWh,9 it must be noted that the amount collected is retained
within the village, in a trust account, so that villagers do not have to rely on further
external/government funding for battery replacements. The monthly bill for a
typical household in Darewadi is approximately Rs. 120–150, including a fixed
charge of Rs. 90 to cover street lights and common usage. For homes with tele-
visions the cost goes up to Rs. 150–200. The monthly revenue being generated
towards the corpus is presently approximately Rs. 5,500.

Darewadi is fortunate in that it is a hamlet with a high degree of coherence among
its population. There have been no payment defaults so far even though the system
has been in operation for more than 2 years. Poor payment collection has resulted in

Fig. 5.1 Daily usage of electricity for a period of 400 days. Two trends are visible—the lower
generation and usage during the monsoons and the overall increase in consumption over a period
of one year

8 A 10 kWp system is expected to generate approximately 12,000–14,000 units (kWh) of billable
electricity annually.
9 Four times the cost paid by urban residential consumers.
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high transaction costs for DESI power and several other for-profit players. Creating a
village level committee for tariff collection ensures self-discipline and significantly
reduces collection costs for entrepreneurs. The Darewadi committee has been
empowered to punish the defaulters with disconnection if necessary.

Passing on capital expenditure—equipment and installation costs—to the users,
even amortized over 25 years which is the lifetime of the panels, would have meant
charging a minimum of Rs. 36 per unit of electricity, and much higher (Rs. 50 or
more) if the capital expenditure is sought to be recovered within a shorter period,
say 8–10 years. Such a high tariff is unconscionable, given that urban users pay just
Rs. 5 per unit. Many rural consumers are in fact being asked to pay these kinds of
prices and are therefore being forced to keep their consumption low. The monthly
consumption of a family of five at Darewadi is typically just 3–4 units of electricity
whereas the electricity Act, 2003, of the Government of India seeks to provide 1
unit (kWh) per day per family. Villagers cannot however afford to increase their
consumption unless the price is kept in check.10

The State government of Chhattisgarh has the largest number of mini-grids
deployed in the country today, approximately 700 of them, mainly DC mini-grids
of sizes ranging from 1–5 kWp designed to replace the usage of kerosene ‘till such
time as the grid arrives’. CREDA subsidizes the capital expenditure entirely, and
levies only a nominal charge of Rs. 5 per month per household to cover operational
expenses. There is no metering of usage and every user pays the same fee. Over
time this model has resulted in indiscriminate use by a section of the villagers
making it difficult for the government to sustain the level of service originally
envisaged. In several of the mini-grids electricity is provided for only a few hours
each day because the present loads are much higher than the planned loads.

In our view, this issue is best addressed by introducing a tariff and billing system
based on metering the usage of each individual connection as is being done at
Darewadi. Metered usage based billing serves multiple purposes. It

a. creates a sense of ownership of the asset among the villagers;
b. creates a demand for quality service from the mini-grid operator; and
c. ensures a degree of self-regulation with respect to usage. Indiscipline with

respect to usage in these off-grid systems will inevitably result in project failure.

Livelihoods and Long-Term Sustainability

The fact that collections from villagers in Darewadi for electricity usage each month
is going towards a corpus, that will be utilized to pay for battery replacements, will
help ensure the long term sustainability and uptime of the installation. Existing

10 Many State governments set an upper limit on the tariff that is chargeable to consumers,
depending on whether they are above or below the poverty line.
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battery technology (lead-acid batteries in this case) needs replacement 5–6 times
over the lifetime of the panels. If the onus of paying for battery replacement and
also repairs and maintenance were left to external financial support then the system
would inevitably fall into disuse for long periods.

On-demand electricity is critical for creating livelihood opportunities, as well as
for the provision of healthcare, education, clean water supply and entertainment.
While DC micro-grids (typically of size less than 5 kWp) are providing lighting and
mobile charging to households in several villages in power starved states, the flat-
rate price/unit they charge cannot cope with increase in consumption e.g., with the
installation of a television or other appliances. It has been observed time and again
in many mini-grid installations around the country that once electricity is supplied,
villagers tend to discover latent needs and new applications driving up the average
consumption per household quickly. This is true also of Darewadi where a flour
mill was installed soon after electrification. Several households now have a tele-
vision and two computers have been donated by an NGO although these are not yet
being optimally used. Two water-pumps added recently by the villagers have
brought much joy to them and contributed to increasing consumption greatly. These
pumps will enable several farmers to graduate from growing just a single-crop to
two or even three crops a year. Another example is the village of Meerwada in
Madhya Pradesh, where SunEdison set up a 14 kWp solar PV mini-grid. This plant
provides electricity to approximately 400 people in 70 households. Funded by
SunEdison as a demonstration project, utilization of this plant climbed quickly from
the initial 15 % to about 70 %, largely due to the installation of a plant for chilling
milk, within just a few months.11

Utilization of the mini-grid inevitably increases, at first for entertainment
purposes and later for livelihood options. Many of the latter uses are knowledge
intensive activities in addition to being infrastructure intensive. Computer educa-
tion, milk chilling plants, value added services to do with food and agriculture such
as preparation and sale of baked products, cold storage for fruits and vegetables, are
just some examples of livelihood enhancing options that have followed in the past.
In fact it is these very opportunities that are potentially more likely to generate
revenues for the energy entrepreneurs, should they choose to stay engaged with the
local community and get involved in provisioning some of these services.

Results

Darewadi was designed to be a self-sufficient and self-sustaining installation. Gram
Oorja has succeeded in this goal because they have been able to move out, handing
over control of the mini-grid to the community, which was in fact their original
intention. They continue to remain available on call as needed. Their work

11 Rahul Sankhe, MD SunEdison, speaking at ORF Mumbai, July 2012.
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illustrates that if the up-front costs of a high-quality installation can be covered
through a one-time investment, it is possible to make these off-grid installations
self-sufficient, even covering battery replacement costs. End users are happy to
receive reliable electricity supply and are therefore very willing to pay for it. This is
an important input to policy makers and government agencies, such as CREDA of
Chhattisgarh that has put in considerable energy into scaling out mini-grids. In
another DDG tender, Madhya Pradesh Urja Vikas Nigam (MPUVN) has also
imposed unrealistically low flat tariffs—Rs. 15 a month for consumers who are
below the poverty line and Rs. 30 for those above—without providing any clarity
on how future battery replacements are to be funded.

In this context some of the key innovations made by Gram Oorja to ensure
quality and long term viability of the standalone mini-grid in Darewadi ought to be
adopted as best practices and scaled out. These include:

• Charging based on metering individual connections—to ensure disciplined and
careful usage;

• Feeder line separation—for prioritizing electricity for lighting and to help create
a differential tariff for commercial loads should it become necessary;

• Minimal battery support—for reducing installation as well as maintenance costs,
and for minimizing environmental impact;

• Ensuring community buy-in—and also their involvement in ownership and care
of assets;

• Grid-like installation—for the safety of the community and for the longevity of
assets, through reducing the need for frequent interventions, thus also contrib-
uting to keeping lifetime costs lower.

Employment of local youth can make a tremendous difference to the last mile
implementation and servicing of mini-grids. However, given the lack of trained
manpower, entrepreneurs installing small standalone mini-grids cannot leverage
economies of scale while training a few youth at a time. A national program,
perhaps as part of the National Skill Development Mission,12 will be required to
train tens of thousands of technicians, and also thousands of local youth who can
work alongside the private entrepreneurs.

Barring Darewadi and Meerwada, which are both non-commercial installations,
neither the ‘for-profit’mini-grid operators nor the state agencies are in fact seeking to
provide 24 × 7 electricity access to rural consumers. The private entrepreneurs are
constrained by the need to control their costs, and the state agencies see these mini-
grids as a stop-gap solution to be used largely only for lighting till the grid comes.
This is very unfortunate because it is clear that when state agencies get involved it is
possible to achieve scale quickly, as illustrated by the 700 or so mini-grids installed
by CREDA in Chhattisgarh. Not just in remote locations, but even in grid-connected
villages, these mini-grids have a tremendous potential to provide electricity on
demand, 24 × 7, to help enhance livelihoods, a potential that must be leveraged.

12 See http://www.nsdcindia.org/index.aspx.

5 Prospects for Electricity Access … 61

http://www.nsdcindia.org/index.aspx


A recent report titled ‘Microgrids13 for rural electrification’ (Schnitzer et al.
2014) which presents a critical review of best practices based on seven case studies,
five of them in India, corroborates and extends several of the observations made in
this paper. This comprehensive report covers the installations of 5 agencies in India
including the Renewable Energy Development Agencies of the States of West
Bengal (WBREDA) and Orissa (OREDA), besides Chhattisgarh, and two private
entrepreneurs DESI Power and HPS, who deal in biomass based installations. The
report also throws up several additional points for discussion. It cautions that State
agencies need to find a way to avoid pitfalls, such as the overuse due to the flat fee
charged by CREDA and the cutting short of the life of mini-grids set up by
WBREDA due to grid extension. The report cites lack of ‘community cooperation’
and ‘village cohesiveness’ as one of the challenges facing Indian micro-grids, such
as those operated by HPS & OREDA. As acknowledged earlier, Darewadi does not
suffer from conflicts within the community that could compromise the operation of
their mini-grid. Nevertheless, this emphasizes the importance of initial ground-work
and fine tuning of the model of community involvement in mini-grid projects.

Discussion

The policy issues that come in the way of setting up mini-grids in grid-connected
villages are much more complex. There is lack of clarity with respect to two critical
issues: (1) aspects of integration with the grid, and (2) the difference in tariff
between electricity supplied from the grid vs. that generated by renewable energy
systems. Currently, there is no policy framework that provides a favorable exit
option to the entrepreneur should the grid become available (energized with ade-
quate and reliable supply of electricity) before their investment in setting up the
mini-grid is recovered. This is the single largest deterrent for entrepreneurs and
investors wishing to enter the field. A policy that safeguards existing investments
and creates the appropriate framework for integrating mini-grid systems with the
main grid could greatly accelerate roll-out of more mini-grids.

The gap in tariff also needs to be tackled before mini-grids can proliferate.
Ideally mini-grid installations in grid-connected villages ought not to be accom-
panied by battery backup. This would reduce installation costs considerably and
consequently also the gap in tariffs. The tariff for electricity from solar PV mini-
grids can be Rs. 20/kWh as in Darewadi, or even higher, or come down to Rs. 6.5–7
in installations without battery storage. However, given that electricity supply from
the grid is highly erratic, it is unlikely that the use of storage capacity can be
eliminated if consumers are to have access to 24 × 7, reliable, electricity. A policy
environment that provides tariff subsidy to these consumers, particularly to those
below the poverty line, would certainly be money well spent. Entrepreneurs who set

13 The authors refer to grid sizes below 100 kWp.
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up mini-grids must in turn be compensated for their investments through a policy
regime that provides them with adequate subsidies in a transparent manner. The
primary method of awarding subsidy—to the lowest cost bidder—compromises the
quality of installations. Making funds available to entrepreneurs directly, on the
basis of representative benchmark costs, will substantially lower barriers to entry.

In terms of the cost of subsidies to the government, installing 10 kWp systems
with battery backup at the benchmark cost of Rs. 3 million per remote, off-grid,
village would imply that the upfront capital outlay on say 50,000 mini-grids of this
size would be a total of Rs. 150 billion (i.e. Rs. 15,000 crores). Staggered over a
period of 5 years, the allocation would be Rs. 30 billion or Rs. 3,000 crores per
annum. The Indian government spends several times this figure on annual kerosene
and diesel subsidies (Teri 2012). However, if solar PV mini-grids with battery
backup have to be used to provide electricity to the 290 million Indians living in
grid-connected villages the costs could become prohibitive.

A Roadmap to 100 % Electricity Access for India@75

The year 2022 will mark the 75th anniversary of India’s independence. We urge the
governments at the Centre as well as the States to take aggressive steps in order to
ensure that the hitherto elusive target of ‘100 % Electrification’ is achieved by then.
The newly elected Government of India has in fact gone a step further and
announced an ambitious target of bringing electricity to every home before the end
of their current term in office i.e., by 2019.14 Estimates vary but it is believed that
up to 100,000 villages and hamlets many need to be touched in order to reach this
goal. Implementation of tens of thousands of solar PV mini-grids, preferably
without battery backup, could be a definitive path to achieving 100 % electrifica-
tion. The time period available, of 5–8 years, makes it difficult but not impossible to
achieve the goal. However, given all the challenges highlighted earlier, govern-
ments will have to learn quickly from the experience gathered so far to scale out
with determination and speed.

We believe that this will require an energy revolution to be orchestrated by the
government, working in tandem with all stakeholders. As in the case of the Green
Revolution that was brought about in India in the 1970s to improve agriculture and
eliminate famine, this will require the creation of an entire ecosystem around
potential implementers of these mini-grids—assisting them with the requisite policy
environment, access to finance, technology and tools, and adequately trained human
resources. We believe that the ecosystem is not impossible to put together once
there is the political will to get the job done.

14 http://www.bloomberg.com/news/2014-05-19/modi-to-use-solar-to-bring-power-to-every-ho
me-by-2019.html.
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We argue that two levels of ‘assisted entrepreneurship models’ will be essential
in this context. The first is the assistance that must be given to entrepreneurs such as
Husk Power Systems, Gram Oorja, DESI Power, and others so that they can take on
the scale challenge of reaching electricity to the millions of Indians who are going
without electricity today. The financial assistance required by them, chiefly in the
form of capital subsidies, should rightly be considered as an infrastructure invest-
ment rather than as a pure industry subsidy. Constitutionally, the responsibility for
provision of electricity to citizens rests with the state governments. Assistance from
the state run distribution companies (discoms) and the State Electricity Boards
(SEBs) would be extremely useful in securing right-of-way for wiring to homes in
the grid-connected villages and for potential grid integration. Unfortunately, these
state actors are not involved in the renewable energy effort which is being driven
largely by the Central government, through MNRE and its state nodal agencies such
as CREDA, OREDA etc.

At another level a large number of local entrepreneurs, adequately trained local
youth, can be assisted by these larger players in different kinds of franchisee models
(such as the ones being used by Husk Power Systems and Gram Power for
example) so that they can provide myriad services—billing and payment collection,
maintenance, and provision of value-added services. This would also create some
much-needed jobs and economic activity at these locations.

The successful implementation of tens of thousands of solar PV mini-grids in
India is an attractive option for enhancing livelihoods and catalyzing development
in a sustainable manner. We believe that the innovations called out in this paper can
go a long way towards overcoming some of the challenges and helping to make the
installations successful, thus bringing development and prosperity to rural India.
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Chapter 6
The Case for Solar-Diesel Hybrid
Minigrids in Bangladesh: Design
Considerations

Shahriar Ahmed Chowdhury, Shakila Aziz and Sebastian Groh

Abstract Bangladesh is experiencing the most successful solar home system based
rural electrification program in the world. Yet the present scheme has revealed
several shortcomings including the lack of a clear link to productive commercial
activities as well as of a deeper energy inclusion. With sparsely distributed loads
and limited energy demand, grid extension has not been found to be economically
feasible as an electrification approach for the remote areas in Bangladesh. As it is
the common tendency of the rural people to live in household clusters of high
density, minigrid approaches have recently been identified as an attractive alter-
native to the prevalent stand-alone scheme. There is a perceived need for a wider
understanding of the roles and applications of minigrids as tools towards achieving
greater energy and resource efficiency. At the same time, there is a paucity of
publications which explore the potential contributions of minigrids and their
potential contribution with respect to resource efficiency. In order to address this
perceived need, this paper describes approaches and methods used in implementing
diesel-based minigrids on the one hand, and the contribution of renewables on the
other. This paper highlights design considerations for developing solar-diesel
hybrid minigrids in off grid rural areas of Bangladesh.
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Introduction

Approximately 1.3 billion people around the world lack access to an electricity grid
and yet another billion suffer from a severely intermittent supply (IEA 2013). In
Asia alone, there are some 800 million people with inadequate access to electricity
(Intellecap 2012). In Bangladesh 40 % of the population, representing 65 million
people, have no access to the national grid (World Bank 2013). Most of these
people live in remote rural areas, partly on islands, where there is no electricity
utility grid infrastructure. For a country like Bangladesh, the extension of the grid
network to remote places is expensive due to high transmission costs in comparison
to the small load demand.

Solar Home Systems (SHS), currently consisting of a 20–85 Wp solar panel,
battery, and charge controller, are being installed at a rate of up to 75,000 per month
in rural communities through the Infrastructure Development Company Limited’s
(IDCOL) national SHS program, amounting to 3.2 million systems in total as of
today (IDCOL 2014). Despite this success, taking the perspective of the end-user,
the current SHS scheme has revealed the following shortcomings:

• Not inclusive enough to reach the poorest segments;
• Lack of flexibility in terms of usage patterns and payment methods;
• Productive use remains very limited;
• Excess capacity: generated energy is lost while battery is full (Kirchhoff 2014).

Commerce and industry are not yet developed in the rural areas and the share of
electricity consumption from these sectors is not expected to be high. With increased
awareness of the adverse effect of global warming due to greenhouse gas emissions,
efforts are being made all over the world to curb climate change by increasing energy
generation from renewable energy (RE) resources. In line with the global effort,
Bangladesh has established a plan to generate 5 % of the total power generation
(*500 MW) from renewable sources by 2015 and 10 % (*2,000 MW) by 2020
(GoB 2008). As renewable energy conversion technologies are still expensive, it is not
clear the extent to which RE sources can be tappedwithin the next two years tomeet the
set target. Until now solar has proven to be themainRE resource in Bangladesh that can
be harnessed effectively and has wide spread application at this stage. However, even
with the current downward trending PV price in theworldmarket, PV based grid power
generation cost is significantly higher than the gas/coal-fired grid energy price prevalent
in the country. Thus, the grid expansion, based on RE resources, is expected to be slow
for the next few years, unless there is major governmental support. However, with the
gradual increase in the price of fossil fuels and declining price of solar PV, the cost of
generation of electricity from solar PV will become competitive with the cost of
generation of electricity from fossil fuels. In rural areas there is demand for power for
meeting the basic needs (such as lighting and cooling) of the rural household. Surveys
from the potential areas for minigrids show that people in off-grid areas are prepared to
pay a much higher price than the price of national grid electricity. This opens up the
opportunity to install small sizedminigrids for localized populous areas in off-grid areas
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or villages. Such small-scale projects will provide electricity to the rural people and can
contribute significantly to improve their quality of life (Khan and Huque 2012). At the
same time, these projects, when designedproperly, can be sustainable and economically
viable. Even if the grid is extended in the future to the area of a stand-aloneminigrid, the
solar PV generators can be connected to grid via grid-tied inverters. Still, as of today,
there is only one solar minigrid of 100+ kW in operation in the rural market of Sandwip
island (Khan andHuque 2012).Moreover, there is a paucity of publications that explore
the potential contributions of minigrids and their potential contribution with respect to
resource efficiency. This paper aims to open up the discourse on minigrid design con-
siderations in Bangladesh in order to support the developments of a wider uptake in the
country, particularly just before the roll out ofmultiple pilot projects, which are trying to
follow-upon the success of the prior scheme,whichhas focusedon stand-alone systems.

Local Functional Project Structure

The solar-diesel hybrid minigrid system for rural electrification program in Bangladesh
is supported by the Infrastructure Development Company Limited (IDCOL) of
Bangladesh, which is a non-banking financial institution, established by the Govern-
ment of Bangladesh (IDCOL2014). The program isfinanced by the international donor
community represented by loans fromWBand JICAand grants fromGPOBA,USAID,
KfW, DFID, ADB. The funds are then channeled via soft loans and grants to the
developers of solar minigrid projects. Project developers are encouraged to submit
proposals for the financing of solar hybrid minigrid projects to IDCOL. These devel-
opers choose a remote off-grid area, which has the potential for the installation of a
minigrid. They also appoint consultants to develop the project profile for IDCOL
financial support. Based on the market survey conducted by the project developers,
IDCOL, in consultationwith the sponsor and the consultant, conducts load assessments.
The technical consultant then designs the hybrid system and prepares a bill of materials
for the project and also supports developers to select suppliers based on the bill of
material for the project. After arriving at the project costs based on submitted price
quotations, IDCOL approves the project and starts the documentation process for
financing the project. Please see Fig. 6.1 for an illustration of the scheme.

The financial scheme for the solar-diesel hybrid minigrid project developed by
IDCOL is 50 % grant, 30 % soft loan (interest rate 6 %) and 20 % equity from the
project developer. The soft loan is given for tenure of 10 years with 2 years grace
period. Under this financial scheme one project has successfully been installed in
Sandwip island in the estuary of the Bay of Bengal in 2010. Initially, the project
aimed to provide electricity to a rural market and its adjacent households from 9am
in the morning to 11 pm at night. IDCOL further approved three more solar
minigrid projects, which are under currently construction.

Seven other projects have already been submitted to IDCOL for financing
considering uninterrupted power supply for 24 h. IDCOL has a target of installing
50 solar-diesel hybrid minigrids all over Bangladesh by 2016 (EMRD 2012).

6 The Case for Solar-Diesel … 67



Key Design Considerations

The key parameters for designing a minigrid in a specific location are referred to as
the minigrids design considerations. Some considerations can be made according to
the actual scenario of the project location in order to minimize the cost of energy
and increase sustainability of the project. Design steps of solar-diesel hybrid
minigrids are given below:

1. Load estimation and development of load duration curve.
2. Estimation of day load and night load.
3. Calculation of battery size considering supply of night energy demand, battery

depth of discharge and considering no autonomy days.
4. Sizing of diesel generator considering peak load, maximum allowable runtime

per day.
5. Length of distribution feeders considering 5 % voltage drop at the end of

distribution line.
6. PV panel capacity of maximum 250 kWp (as per government regulation a

minigrid of less than 250 kWp of capacity does not need government approval
(Solar Guide Book 2013).

Following criteria are given special attention while designing the minigrids:

Selection of technology Different technologies for minigrid power systems are
available worldwide. Biomass is the most widely used renewable energy source in
Bangladesh, but it is still used in a primitive way. In on-shore areas, wind energy
provides sufficient potential for small-scale power generation in Bangladesh, on the
other hand during winter seasons there is almost no wind for power generation.
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Fig. 6.1 Functional structure of the solar-diesel hybrid minigrid projects in Bangladesh
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Solar PV systems have proven to be the most successful RE technology to be
disseminated in Bangladesh. Considering the availability of resources, solar-diesel
hybrid minigrids are considered to be the most suitable solution.

Renewable energy fraction A higher renewable energy fraction in the annual
energy mix minimizes the running cost for the energy supply system. Transportation
of diesel oil to remote places is also challenging for the rural community. For hybrid
projects in Bangladesh, therefore, the RE fraction should be considered to be more
than 90 %. A higher RE fraction also maintains options for future demand growth
(additional loads can be served by running the diesel generator for longer durations).
Estimated energy mix of a typical solar-diesel hybrid minigrid is shown in Fig. 6.2.

Productive use of solar power During the daytime, income generating activities
such as solar irrigation, cottage industries, husking mills, sawmills, grinding mills
(for spice), welding machines, lathe machines, and ice factories in rural market
places can be supported through the solar minigrids. These day loads do not require
energy storage facilities as they run during the day time. The cost of energy for day
loads is cheaper than the cost of energy for night loads. Therefore, day loads should
be encouraged when designing minigrids.

The addition of a generator reduces battery requirement A diesel generator
helps to reduce the size of the storage system for a minigrid and no autonomy days
need to be considered.

Cost reduction potential The increase of day loads reduces the levelized cost of
energy.

Site Survey and Survey Items

The site survey is the initial step in the planning process in order to find an adequate
location. Survey findings show the feasibility of a project in the present and future
context. Parameters for the survey vary from one location to another. At first, ability
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and willingness to pay of the end-users need to be addressed. Secondly, remote and
isolated locations are ideal for minigrid sites such as islands and habitations that are
far away from the national grid network. The sites are selected in such a way to
prefer sites where the government has no plans to extend a grid line within the next
ten years. As for IDCOL requirements the levelized tariff of electricity considering
IDCOL model stands at US$0.37 for a typical 150 kWp hybrid system, which is
much higher than the energy tariff (US$0.11) of grid electricity (Intellecap 2012).
The average family income and profession of the adults of the location reflect the
interest in and affordability of electricity. Site surveys show that there are some
areas where people cannot afford to buy electricity. On the other hand, however,
some off-grid places are found to be economically developed and people are willing
to pay a high price for electricity year round. People use kerosene to meet their
lighting demand in off grid areas while in some off grid areas diesel generators are
used to provide electricity for some hours per day. In those areas, mini-utilities
based on diesel generators often supply neighbouring houses as well as small
businesses. An exemplary case study is included in the appendix with the kWh
price based on simple calculations and resulting in US$3.10 and US$3.60 per kWh.
Finally, load assessment is the most indispensable tool to determine the size of the
power plant. In the context of rural Bangladesh, lighting, cooling fans, and mobile
phone chargers are the main loads. Televisions, refrigerators and DVD players are
also found to be potential loads. Rural sites for minigrids are selected to cover one
or two rural villages with a rural market place.

Demand Assessment

Demand assessments in rural areas need to be performed with great care as rural
people are not always familiar with electrical loads other than lighting and cooling.
Their expectations are influenced by family or acquaintances who live in or
frequently visit urban or city areas. They often express desire to use luxury loads
such as TVs, DVD players and refrigerators irrespective of their energy con-
sumption. Careful assessment is needed to assess the real and rational load demand.
It is wise to count the number of rooms in the households and the monthly income
of the households if possible. Present expenditure for energy and expressed
willingness to pay for better lighting should be taken into account (Groh 2014).

Packages To overcome actual load assessment barriers, different packages should
be defined for different types of users according to their income level. The packages
should be designed using energy efficient loads, for example LED lamps, higher
efficiency cooling fans, etc. Furthermore, to complete the load as a package, a
connection should be drawn between monthly energy price and the present monthly
expenditures for energy, so that the people can better understand the relative price.
Based on survey findings in seven rural off grid areas, consumer packages were
developed and are shown in Table 6.1. The table also shows the breakdown of each
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package according to the demand of rural households. The ratio of the packages
varies with the variation of socio-economic condition of that locality.

Load factor The rural economy of Bangladesh is mostly dependent on agriculture.
People of the rural area work on their land all day long and go to sleep early.
However, the scenario may not remain the same post electrification; therefore, the
planned load factor should consider the predicted post electrification scenario.

Day Load The cost of energy in a solar-diesel hybrid minigrid system is high. The
main reasons behind this are the high price of the storage system and the cost of
diesel. It is possible to reduce the energy cost to a tolerable limit by increasing the
day load. Energy can be supplied directly to the day loads from the solar PV system
except during rainy or foggy weather. Thus, we can avoid the requirement of higher
storage and thereby reduce the overall cost.

Table 6.1 Typical loads for different packages

Package Gadget type Watt Quantity Total watt

Package 1
(Small household)

LED light 7 3 46

Cooling fan 25 1

Package 2
(Medium income household)

LED light 7 4 128

Cooling fan 25 2

TV 50 1

Package 3
(Well off household)

LED light 7 6 142

Cooling fan 25 2

TV 50 1

Package 4
(Rich household)

LED light 7 6 262

Cooling fan 25 3

TV 50 1

Refrigerator 100 1

Package 5
(Shops)

LED light 7 2 39

Cooling fan 25 1

Package 6
(Big shops)

LED light 7 4 228

Ceiling fans 25 2

TV 50 1

Refrigerator 100 1

Package-7
(Rural school and college)

LED light 7 20 640

Cooling fan 25 20

Package-8
Industrial
(Saw mills, Lathe m/c, others)

LED light 7 1 5,032

Cooling fan 25 1

Motor 5,000 1

Package 9
(Irrigation pumps)

Motor 2,000 1 2,000
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Night Load A primary challenge in running an RE-based minigrid is the decline in
energy production during the early evening. To maintain the supply of power after
sunset, it is essential to continue the power supply either from a storage system or by
running a diesel generator. On the other hand, the main load demand actually rises in
the evening because lamps for lighting and other electric gadgets are switched on
simultaneously. Therefore, it is imperative to calculate the night load accurately to
determine the optimum size of the storage system and the run time of the generator.

Peak Load In general, peak loads are experienced in the evening. The size of off-
grid inverters and generators should therefore be sized depending on the night load.

Seasonal variation During summer, the demand for electricity is at its highest as
cooling load adds to the lighting load. Moreover, the run time of the cooling load is
much higher than that of the lighting load. On the contrary, during winter, the cooling
load goes off. Therefore the overall demand for electricity is lower in winter than in
summer. Furthermore, in the context of Bangladesh, cool temperatures last longer in
rural than in urban areas. Considering these seasonal variations, the plant size will
vary, and a source of power should be designed that can provide reliable power
throughout the year. Figure 6.4 below shows the estimated load profile in summer
and winter of Bangladesh for a 200 kWp solar-diesel hybrid power plant according to
survey data. During the summer, irradiance in Bangladesh is higher than in winter;
on the contrary during summer the irrigation demand is highest. So, additional power
generation from solar PV systems can be used for irrigation (Fig. 6.3).

System Design

Survey data shows that demand reaches its peak after sunset and generally lasts till
10 pm. Solar power is the main source, and the generator is kept as a backup or
standby for such a minigrid. The daily average generator run time depends upon the
shortfall in solar energy and amount of storage in the battery bank. Overall, solar-
diesel hybrid minigrids should be predominantly powered by their solar PV systems.
Monthly generation from PV can be determined from the hourly averaged irradiation
data. Hourly average expected demand data is determined from the site survey.
The day load is considered from 8 am in the morning until 5 pm in the evening.
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Generally the demand of the day load is lower than the generated PV power, so in the
battery capacity calculation the day load is excluded. The night load is served by
stored energy in the battery through the bi-directional off grid inverters. The gen-
erator will run only when the stored energy in the battery is not sufficient to serve the
night load. As the system contains a diesel generator, no autonomy days are con-
sidered. Figure 6.5 shows the schematic diagram of a typical solar-diesel hybrid
minigrid. The primary hardware components of the solar hybrid PV plant consist of:

• Solar PV panels to convert solar energy into direct current (DC) electricity;
• Solar charge controllers to charge the battery directly from the solar PV panels;
• Grid-tied inverters to convert the solar energy to alternating current (AC) main

power to serve the day loads;

Fig. 6.4 Single line diagram of a typical 150 kWp solar-diesel hybrid minigrid system
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• Off grid bi-directional inverters to provide power to the loads during night from
the battery and also to charge the battery from the grid power (when the gen-
erated power from the grid-tied inverters during the day are more than the
demand of the grid);

• Diesel generator for backup power; and
• Batteries to store energy.

Cooling fans are one of the major loads in rural areas of Bangladesh. It has been
found from various technical designs that a significant portion of solar energy remains
unused during the winter. To reduce the portion of unused energy, some seasonal
industrial loads are sought in order to utilize that excess energy. In some of the cases
the minigrids provide energy to rural irrigation pumps only during the winter.

Financial Modelling for Minigrids

The financial models include cost and revenue assumptions for each site for the
minigrids. It is the policy of IDCOL to keep the tariff within 30 BDT (US$0.38) per
kWh, and projects where the tariff exceeds this are not considered viable. Cost

Land and land
development

6%

Civil works
13%

generation 
equipment

18%

storage system
14%

solar 
electronics

14%

Distribution 
system

20%

Transportation
2%

Installation 
and 

comissioning
4%

Others
6%

Interconnection
2%

Safety and
monitoring

1%

Fig. 6.5 Project cost breakdown of the SEBL minigrid by component
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assumptions include estimates for project fixed costs and running costs. For example,
the project developed by Solar Electro Bangladesh Limited (SEBL) in Monpura, an
island in the estuary of the Bay of Bengal, can be considered a typical solar minigrid
project. This project is meant to bring electricity to 661 consumer units, comprising
of 500 households, 155 shops and some mills and workshops. The plant capacity is
177 kWp, storage system of 332,640 Ah at a system voltage of 2 V and including a
diesel generator of capacity 80 kVA. Fixed costs include the following items:

• Land and land development: Bangladesh is a flood prone country and while
designing the minigrid in the majority of cases the land has to be filled so that
the level is above the recorded flood level. Generally, this varies from two to
three meters above the existing level. In areas where land is cheap, it is pur-
chased outright. However, where the land price is so high as to make the project
non viable, the land is leased for 20 years.

• Civil works: These include a boundary, control room, office building and
mounting structures for solar panel installation. Some sites require a barbed wire
boundary to prevent theft and vandalism.

• Generation equipment: These include solar PV panels, generators and generator
protection accessories.

• Storage system: This includes batteries. Minigrids in Bangladesh use 2 V
tubular positive plate industrial lead acid batteries. These batteries have war-
ranties for 7 years. During the 20 years of the project life, batteries are con-
sidered to be replaced twice (in the 8th and 15th year).

• Solar electronics: These include grid-tied inverters, off grid inverters and charge
controllers (refer to Fig. 6.4). All solar electronics have warranties of 10 years.
They are replaced once, in the 11th year of the project.

• Distribution systems: These are three phase, four wire distribution systems. In
some areas single phase systems are also considered. In this SEBL project, a
distribution network of 7 km of three phase and 3 km of single phase had to be
developed to meet the demands of the consumers.

• Transportation: Some equipment requires transportation to the project site all the
way from the bay port. Theminigrid sites are usually in remote locations and often
have no proper road access. In these cases the equipment has to be carriedmanually
or on animal driven carts. This accounts for one reason why the transportation
costs are significantly higher than a similar project in grid-connected areas.

• Installation and commissioning: Installation of the panels and distribution net-
work, configuration of solar electronics, and testing and commissioning of the
system are considered in this category.

• Interconnection: cables and accessories for the interconnection of panels, invert-
ers, batteries, charge controllers and system bus are considered in this category.

• Safety and monitoring: This includes a lightning protection system, surge pro-
tection system, solar radiation, temperature and wind velocity measurement
equipment. It also includes neutral grounding and potential earth grounding.

• Other costs: Includes management and administration costs such as office set up
costs, consultancy, preliminary expense and contingency.
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The project assumes that 70 % of the total customer base will be connected to the
minigrid in the first year, and the rest by the second year.

Land and land development can vary from 5 to 7 % of the total project cost,
depending on the location. The project cost can vary according to location and load
pattern. If the night load is more than the day load, the storage cost will likely be
greater than the generation equipment cost. In the SEBL project, the day load is
higher than the night load, so the storage cost is lower. The aim while designing a
minigrid is to increase the day load relative to the night load. This can be done by
including the village markets among the customers. These markets often have saw
mills, rice husking mills, grinding mills and small workshops that ordinarily run on
diesel engine or diesel engine driven generators during the day. Reducing the
storage cost will bring down the overall cost of electricity. Densely populated
villages with a large village market are attractive sites for minigrids.

A load profile is calculated based on the demands for different types of packages.
Each minigrid project has different packages with different capacities based on
whether it is to be used for domestic, commercial, organizational or irrigation
purposes. Three types of packages are for households of different sizes, three types
for shops, two types for the local schools and mosques and one package type for
irrigation. The number of customers for each minigrid range from 600 to 1,200.
85 % of loads are households, 12 % are shops and the remaining are organizations
and irrigation pumps. It is assumed that households, shops and organizations
operate all year, but irrigation pumps operate on a seasonal basis with varying
demand for electricity.

The household packages are expected to have loads drawing electricity for the
full 24 h. Lights will remain on during the evenings and TVs are assumed to run
during the waking hours. In case of the commercial packages, there will be no loads
during the night when the business is closed. Highest loads are in the months of
March, April and May (summer months due to the demand of cooling fans), fol-
lowed by the rainy months of June–December. Lowest loads are in the winter
months of December–February. Solar water pumps are supposed to run between
November to May. Peak irrigation demand is from March to April.

The revenue calculations are based on a starting rate of 30 BDT per kWh. The
tariff and line rent is increased 10 % every 2 years, up to the 20th year of operations.
Fans and TVs are the highest load groups in each minigrid, accounting for 30–45 %
of the revenue for each project. Lighting, the most basic service, accounts for 10 %
of revenue (minigrid users are suggested to use LED lights for efficient use of
electricity). Some loads vary from minigrid to minigrid. For example, some sites
use water irrigation facilities and some do not. Some minigrids will run a rice mill,
saw mill or ice mill.

The ranges for some of the financial indicators for the projects developed for
rural electrification in Bangladesh are given below:

Internal Rate of Return (IRR): 11–19 %
Return on Equity (ROE): 12.4–14.9 %

76 S.A. Chowdhury et al.



Equity IRR: 13.5–19.5 %
Weighted Average Cost of Capital (WACC): 9.6 % (excluding grant)
Average Debt Service Coverage Ratio (DSCR): 2.13–2.87

Conclusion

Solar diesel hybrid minigrid systems, if designed properly, can serve off-grid areas
with grid quality electricity. The proportionate increase of day load reduces the
requirement for a storage system, which in turn reduces the cost of electricity. The
addition of a diesel generator further reduces the size of the storage system as well
as helping to avoid the need for autonomy days. Demand assessment is one of the
most important criteria for designing a minigrid for rural areas. The demand or
consumption pattern of a particular area is largely dependent on the socio-economic
condition of that area. One model designed for a particular area cannot be directly
used for another area. Each area should be individually surveyed for demand
assessment. Installation of solar PV based minigrids not only provides electricity to
the rural off-grid areas but also reduces GHG emissions. The cost of electricity in a
minigrid can be kept within affordable limits with a careful and proper design.
There should be a provision for future expansion to avoid system overload. The cost
of electricity from isolated minigrids is more than that from national grids, so the
use of higher efficiency electrical gadgets can reduce the energy consumption.

Appendix

Exemplary case study on mini-utilities based on diesel generators Hatikata bazaar

S. No. Queries Answer

1 Location 23°39′11″N, 89°59′21″E

2 District Manikgong

3 Sub-district Upazilla

4 Union Azim Nagar

5 Police Station Horirampur

6 Name of village market Hatikata

7 Name of owner MilonGazi

8 Mobile number 01711 702532, 01971 702532

9 Year of DG purchased 2007

10 Capacity of diesel engine 20 HP

11 Client

11.1 Shops 25 (generally one light per household and shops)

11.2 House (family) 50
(continued)
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(continued)

S. No. Queries Answer

12 Tariff

12.1 Light BDT 20/CFL light (15 W)/day

12.2 TV BDT 70/TV-DVD (50 W)/day [11 connections in
total]

13 Running hours (from after
sunsets)

13.1 Summer/rainy season 5 h

13.2 Winter 6 h

14 Fuel consumption 12 litres/day [fuel price at the island is BDT
72/litre]

15 Daily revenue of the
entrepreneur

BDT 700–800/day

The entrepreneur also takes care of the supply of electric appliances (e.g. the TVs)
Basic calculation for the kWh price for CFL light
BDT 20/(15 W * 5.5 h/1,000) = 242 BDT/kWh = USD$3.10/kWh
Basic calculation for the kWh price for TV
BDT 70/(50 W * 5 h/1,000) = BDT 280 = USD$3.60/kWh
assuming 5 h of running time for a TV
There are seven diesel generator based mini-utilities on the island with a similar scheme varying in
size: 2 * 20 HP + 3 * 12 HP + 6 * 3 HP
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Chapter 7
A Simulation Gaming Approach
to Micro-grid Design and Planning:
Participatory Design and Capacity
Building

Maizakiah Ayu Abdullah and Scott Kennedy

Abstract Existing micro-grid design and planning approaches tend to emphasize
techno-economic assessments and lack community engagement, necessary for
effective planning and implementation. New approaches must be employed to not
only include significant social impacts of micro-grids beyond technical components,
but prioritize human development objectives, participation and capacity building. A
newly proposed simulation gaming approach to micro-grid design provides an
innovative, participatory tool and process that incorporates social, organizational,
technical and financial factors for improved design and planning. Additionally, the
approach represents an experiential learning and capacity building exercise that
teaches shared resource management and collaborative decision-making.

Keywords Energy design � Micro-grid planning � Participatory design � Simu-
lation game � Capacity building

Introduction

Recent advances in distributed generation technologies have intensified interest in
decentralized electricity delivery models, particularly in its potential to meet rural
users’ energy and development needs through greater flexibility in technology
options and organizational structures. However the design and planning of a micro-
grid system for comprehensive development purposes requires careful and further
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consideration. With a wide range of possible technologies and delivery models,
micro-grid design and planning is highly dependent on available resources, local
social context, markets, institutional structures and users’ energy requirements.

Planning a community-level, micro-grid system generally consists of a needs
assessment, a resource assessment, technical design, and economic and financial
analyses. Energy needs assessments for rural electrification are commonly con-
ducted using participatory methods such as surveys, questionnaires and focused
group discussions (FGDs) in order to assess electricity demand and ability to pay
(Howells et al. 2002). Data from these methods are then used as a baseline for
techno-economic assessments, employing energy design tools such as HOMER,
LEAP, and RETScreen (Connolly et al. 2010) to design a sufficiently reliable
technical system at minimal cost. Tariff schemes are then designed around cost
recovery and end users’ financial abilities.

The majority of energy design and planning approaches are largely focused on the
technical system, or on techno-economic assessments that do not enable sufficient or
effective community participation beyond initial base-lining. Techno-economic
assessment tools are typically operated by non-community members, who may not
have a thorough understanding of local energy needs and the system’s impacts on the
community. Additionally, rural community members with limited technical skills
and understanding of micro-grid operations (or rural electrification in general) are
unable to use these tools to fully participate in the design process, which restricts
community engagement and does not leverage nor build their capacities.

Conventional techno-economic assessment tools and methods also tend to
exclude critical, social micro-grid success factors such as organizational or insti-
tutional considerations, demand side management and community participation, all
of which affect uptake and operational sustainability. A narrow system boundary
also inadvertently limits the micro-grid’s scope for human development impact, as
systems are installed to mainly deliver electricity rather than support energy use for
facilitating development. Furthermore, systems that do not account for social
dynamics and local complexities may cause unanticipated and unintended outcomes
(e.g. electricity or equipment theft) that consequently limit and hinder energy access
for development. In order for rural electrification to enable development, system
design and planning must reprioritize human development objectives over elec-
tricity delivery, and encompass an expanded system boundary to account for
broader social and financial considerations targeted at development-related
outcomes.

Meanwhile, participatory methods used to collect data for energy planning are
challenging to conduct and may provide limited useful information. Inaccurate
demand forecasts directly affect system size and capacity, which in turn produces
higher installation costs for an oversized system, or inadequate electricity supply if
undersized.

Surveys and questionnaires on household energy use elicit information through a
mainly one-way transfer, and do not induce learning or capacity building. Obtaining
useful responses depends on participants’ understanding of the questions (which
also means the interviewer has to ask participants meaningful questions) (Cross and
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Gaunt 2003; Howells et al. 2002) and on the power dynamic between interviewer
and respondent, which may further affect accuracy of responses. Additionally,
communities with limited exposure to electrification may have difficulty in pre-
dicting their own electricity consumption and behavior. To account for this, surveys
and questionnaires are used to forecast electricity demand based on the commu-
nity’s existing energy use (including traditional energy use). This creates uncer-
tainty and inaccuracies as past energy use does not necessarily translate directly into
electricity use, and moreover cannot predict new uses with electrification.

We propose a novel participatory design approach that merges the technical
aspects of a techno-economic assessment tool with the emphasis on the social
system from participatory processes. We utilize a simulation game to address the
aforementioned shortcomings by building capacities in decision-making and
resource management. This process expands the system boundary beyond a techno-
economic assessment by including organizational considerations, participation and
social interaction. It provides a simulation gaming environment in which commu-
nity members have equal opportunity for participation (Chua 2005) and induces
dynamic learning so they can contribute informed decisions and input into the
design process (Brandt 2006).

This new approach can be used to both enhance the design process (i.e. build a
sustainable micro-grid that delivers adequate, reliant and affordable electricity
supply for enhancing human capabilities) and serve the more fundamental objective
of building technical and governance capacity of the community.

Research Objectives

The main objective of this work is to create a useful participatory tool and process
that can be used to elicit a rural community’s energy needs and system design
parameters, in order to facilitate design and planning. Meanwhile, the participatory
process is also aimed at empowering and building community members’ capacities
by enabling a greater understanding of household and system load profiles, tech-
nical limitations of a micro-grid, the importance of system cost recovery and
managing the micro-grid as a shared resource.

Methods

The Simulation Game as a Tool and Artifact

The participatory game is a simplified representation of an operating micro-grid,
with individual players representing households (or other load center forms) and a
facilitator acting as a system operator. The game may be used to explore both
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planning and operational decisions. The facilitator prompts the players to choose
their end-use loads (e.g., appliances), as well as to play out their periods of oper-
ation. Players are networked so individual and aggregate behavior can be visualized
real-time.

In the current version, the simulation has been implemented using the multi-
method simulation software, AnyLogic. A game-round is initialized with system
capacity, number of households and levelized cost of energy (LCOE), which may
be calculated using HOMER or similar tools. System cost may be updated in later
rounds if the community is allowed to change system capacity. The example shown
here has reference data from a Malaysian case study (Abdullah 2013). The game
shows two windows that represent individual household consumption and system-
wide consumption. The game has a graphical user interface where players can
choose household appliances from a pre-defined set or a customized “other”. The
current choice of appliances and power ratings are also based on the Malaysian case
study. Depending on the focus of given game play, a facilitator could choose to
distribute appliances “for free”, or to price the appliances and provide players with
an initial budget. The latter case would allow the community to explore the
financial trade-offs of different appliances (e.g., incandescent vs. LED lighting).

Once the simulation clock starts, players explore consumption patterns by
individually switching loads on or off. The main system window shows real-time
total load and revenue collected. Currently, household energy costs are based on a
minimum energy-based tariff set by the LCOE. Alternative tariff models, such as
capacity-based payments or even dynamic pricing can be easily implemented (in
future versions).

The current version allows the facilitator to set a varying generation output, but
does not explicitly model the power generation process or include distribution
losses or other network features. Warnings appear when total load is near capacity
(90–100 %), at peak capacity, and over capacity (the system shuts down within a
given duration).

The Simulation Gaming Process for Participatory Design

This participatory design process elicits system design parameters by alternating
between simulation game playing and facilitated discussions. During discussion
rounds, facilitators pose a set of questions aimed at obtaining the following system
design parameters (Fig. 7.1):

• System capacity
• Demand side management options
• Organizational model
• Tariffs
• System policies and regulations
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The questions that lead to the above parameters are meant to represent an
improved participatory design process over traditional planning methods such as
surveys, questionnaires and techno-economic assessment tools. A representative set
of questions is as follows:

• Identifying a reference load profile.

– Based on observed system behavior in previous rounds, should the gener-
ation capacity be increased or decreased? → Installation costs and tech-
nology options will depend largely on system size.

– What demand side management options are effective and accept-
able? → Necessary especially when demand nears system capacity.

• Deciding organizational and management structures.

– How would the community enforce demand side management strategies,
system policies and regulations? → It is complex to enforce policies in rural
communities. Design of such mechanisms must come from the community.

– What type of organizational structure would work best for the micro-grid?
Who will own and manage the micro-grid? → The community understands
their requirements and social structures best.

• Deciding tariff structures.

– Should the tariff be raised in order to generate revenue? → Ability to pay for
micro-grid services is important to recover costs. However, rural users may
have limited ability to pay and should decide on their own tariff structure.

– What will revenue be used for, only cost recovery? What about an optional
community savings fund?

• What will future load profiles look like? → Players can test potential future
scenarios and load profiles to forecast future demand.

Fig. 7.1 Diagram explaining the simulation game methodology (Abdullah 2013)
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The Simulation Gaming Process for Capacity Building

A summary of intended learning outcomes is given in Table 7.1.

Table 7.1 Intended learning outcomes for capacity building using the simulation gaming process

Game feature Action Learning outcome

Household
consumption
playing

• Adding/removing appliances as if
buying and discarding
• Turning on/off appliances as if
using in real-time

• Players will better understand their
own household load profile and
electricity use and can identify peak
loads
• Players will have a grasp of how
different load profiles affect
expenditure and be able to roughly
estimate monthly charges and decide
whether to lower consumption if costs
are too high (assuming an energy-
based tariff)

System-wide
load profile and
warnings

• Viewing system load profile in
real-time against capacity

• Players will appreciate that capacity
is limited and understand the need for
both individual and collective load
management
• Players will learn about system load
profiles, community peak loads and
total electricity usage and behavior

Discussion
rounds

• Collectively discuss findings,
experiences and observations from
the game
• Discuss best way to manage
consumption and micro-grid

• Players/community members will
come together and work out issues
with managing a shared resource
• Community will apply existing
governing structures to support
decision-making process and
strengthen local institutions
• Community will apply existing (if
any) resource sharing management to
electricity use. E.g. agricultural
communities that share water
resources

Tariffs, revenue
generation

• Viewing energy use against tariff,
costs and revenue
• Changing tariff in order to
generate more revenue for the
community micro-grid
• Testing of future scenarios

• Players will understand the
importance of cost recovery and how
best to afford and use electricity for
productive end use
• Players will learn how different
tariffs and corresponding consumption
can contribute to greater revenue for a
community savings fund. This could
open up the opportunity to articulate
desired services and capabilities for
community development
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Results: Simulation Game Screenshots

See Figs. 7.2 and 7.3.

Discussion: Case Study Observations

Development of the game is currently ongoing and has only been tested in mock-
community settings. A beta version was trialed in August 2013 among university
students and young professionals participating in an energy access workshop, and
was used as a teaching tool for community participation and micro-grid planning.
The participants were from various countries and originated from both rural and
urban areas. They were divided into teams of 3–4 per group, each group repre-
senting households. The game was played on networked laptop computers,
although future versions of the game will be played on mobile devices (i.e. tablet)
for easier deployment.

Most of the case study participants have mainly experienced grid electrification
and thus were new to the unique challenges in using and managing a micro-grid.

Fig. 7.2 System window showing micro-grid load profile
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The first few game-rounds (after initial familiarization) saw participants prioritizing
their individual households, which in turn overloaded the system causing blackouts.
As facilitators attempted to guide the discussion towards increasing system capacity
or implementing demand side measures, some interesting and unanticipated social
interactions took place. Namely, households began to blame one another and
demand for the prohibition of energy-intensive appliances. Within a gaming
environment, participants felt freer to behave as they wanted. This is not an
undesirable outcome. On the contrary, the simulation game provides participants
with the freedom to experiment with different behaviors in order to observe system
impact. For example, a future version of the game may include the option to ‘steal’
electricity, a prevalent problem with micro-grids. The game by itself is not meant to

Fig. 7.3 Individual household player window
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be biased in that it favors a desirable (or undesirable) behavior. It has been
developed to remain as flexible as possible to enable participants to choose what
normative actions and decisions work best for them.

It was observed that although the household teams could easily participate
equally in discussions, the collective decision-making process still depended on
group power dynamics or how comfortable participants felt voicing their opinions.
However, the total system load profile displayed contributions of every household
(an optional feature) and hence non-participating players could still be drawn out to
discuss their contributing loads.

Like other participatory methods, the facilitator role is critical and requires an
objective, unbiased (towards a particular solution) individual, knowledgeable about
micro-grid delivery. However compared to conventional surveys and questionnaires,
the simulation gaming design process has greater flexibility and can be applied in
different local and social contexts without much customization. It is also dynamic in
nature, providing immediate feedback and learning to players. In the trial, after three
game-rounds, participants were collaborating well, had decided on a system capacity
that suited their energy needs, and were no longer overloading the system.

The simulation game as a design tool was also useful in testing effectiveness of
demand side management options. In the trial, participants were able to choose and
test between limiting individual household capacity and voluntarily decreasing
consumption when the game’s warning signals displayed that the system was
nearing capacity. During one game round, households were given the option of
reducing their consumption within a specified time period when the system reached
a critical state. Three out of the four households immediately reduced consumption
when the warning appeared, while the remaining household waited until the others
had reduced consumption. This provides interesting insight into human behavior
and the game could help devise new demand side management strategies.

Ultimately, participants recognized that cooperation was necessary in order for
everyone to have access to reliable electricity. The beta version trial was considered
successful in providing an interesting and enjoyable learning experience for
resource management and cooperative, participatory design. The process does have
limitations, the most important one being that the simulation gaming process does
require a certain level of community organization in order to successfully make
design decisions. A hands-on, physical version of the game that works without
devices is also being considered. The physical version will be for communities that
have very little experience with technology and operating devices. Although the
game would not be as dynamic nor will it provide immediate household load
profiles, a physical version of the game will still be able to impart concepts such as
cooperation in using a limited micro-grid capacity and making decisions as a
community.

Acknowledgment To Dénes Csala (Masdar Institute) for his invaluable contribution in coding
the beta version and developing its multi-user networking functionality in AnyLogic, and pro-
viding technical support during the trial.
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Chapter 8
The Energy Centre Model: An Approach
to Village Scale Energy Supply

Charles Muchunku and Kirsten Ulsrud

Abstract A model for off-grid, village scale power supply has been developed
through the Solar Transitions research project, led by the University of Oslo.
Through a participatory approach the project developed an energy centre model
which became operational on March 20th, 2012. The model creates affordable and
accessible basic lighting and electricity services for off-grid households and busi-
nesses through a financially sustainable design. It is designed to be operated by
local residents on commercial principles. Today, it provides lighting and other
services to about 150 households. The paper describes and rationalizes the model
and shares experiences from the first 1½ years of operation. The financial perfor-
mance is documented and suggestions are provided on how the model could be
improved.

Keywords Solar � Energy center model � Households

Introduction

Access to electricity has a positive impact on a wide range of factors influencing
rural communities, from improved health, to access to communication and infor-
mation, to better educational facilities, economic prosperity and improved standard
of living. However, finding ways to expand energy services to marginalized
households in developing countries is one of the most pressing challenges facing
the world today.
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Globally, there is no universal approach to provision of access to electricity in
marginalized areas. The UN uses a three-step scale to denote various types of energy
access1: Level 1—Basic human needs (electricity for light, education, health, com-
munication and community services, and modern fuels/improved stoves for cooking
with biomass); Level 2—Productive uses; and Level 3—Modern society needs.

Research Objectives

The action research project was aimed at identifying a sustainable approach for
energy service delivery suited to local conditions of the selected location.

Methods

The project was initiated and carried out by a team of social scientists and prac-
titioners from Kenya, India, Norway and Austria through the Solar Transitions
research project, led by the University of Oslo.

Through a participatory approach with the local community, the project devel-
oped an energy centre model in Ikisaya, Kenya which became operational on March
20th, 2012. The process took into account local dynamics i.e. the type of settlement
pattern, density of the population, ability to pay, electricity services prioritized by
community members, gender aspects, available energy resources, proximity to the
national grid and social inclusion.

The energy centre targets affordable, accessible provision of basic lighting and
electricity services for off-grid households and businesses. Lighting needs are
currently served through the use of kerosene and torches with expenditure from 1.4
to 3.6 €/month; which is likely to increase with increasing fuel costs. Mobile phone
owners often have to travel long distances to charge their phones in addition to
spending 18 €¢. Printing, photocopying, computer services and TV/video shows are
also not readily accessible within the vicinity of most off-grid communities. All
these services were pointed out as important by the community members. Fur-
thermore, there is little or no competition for the provision of all these services
under one roof as most entrepreneurs are unwilling to make large investments to
provide energy services in off-grid areas.

The energy centre model is based on a 2.16 kW solar PV system which provides
energy for a range of services i.e. lantern charging and renting, charging of mobile
phones, IT-services (typing, printing and photo-copying) and television and video
shows. Fees are charged for the provision of these services to cover operation and
maintenance costs (e.g. battery replacement) and generate a surplus for energy
centre improvement and expansion. The centre has the capacity to serve up to
200 households (1,000 people).

1 http://www.un.org/millenniumgoals/pdf/AGECCsummaryreport[1].pdf (Accessed Jan 2014).

90 C. Muchunku and K. Ulsrud

http://www.un.org/millenniumgoals/pdf/AGECCsummaryreport%5b1%5d.pdf


The energy centre building is designed to separately house the services offered.
The area of the building is slightly below 70 ft2. It has 4 main rooms as illustrated in
Fig. 8.1:

• The charging station—where phones, lanterns and small batteries are received,
charged and given out. It is also the room from which retail sales are made.

• The IT room—where photocopying, typing, printing and other IT related ser-
vices are offered. It is envisioned that basic computer training could also be
provided here.

• The TV room—where TV and video shows are screened. The room may also be
hired out and used for meetings and training.

• The back office and store—where most of the installed equipment (batteries,
inverters, charge controllers) is kept. The room is used as an office and a store.

The total investment cost for the centre was 42,527 €2; 10,509 € for the building
structure which houses the energy centre. The capital costs of the system are broken
down in the Table 8.1.

Fig. 8.1 Illustration of Ikisaya energy centre and its three first sub-centres, operated by agents

2 Excludes costs related with developing the model, training the staff and follow ups.
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Results

The energy centre is designed to be run by the local community under a conces-
sional arrangement. Under the terms of the concession, ownership is not transferred;
the energy centre and the equipment therein remain the property of the project. In
addition, the operator is required to submit quarterly operational financial reports
and an annual audit. The operator is also required to make an agreed upon monthly
deposit to a joint bank account for the battery replacement and maintenance fund. If
the operator fails to adhere to these terms and no suitable remedial action is
identified and effected, then the concession is terminated and the system reassigned
or relocated to another community.

The services provided by the centre generate an average revenue of 460 €/
month. Operation and maintenance costs average 400 €/month. This includes staff
salaries, petty cash, consumables, general maintenance and contribution to a battery
replacement fund i.e. to raise 4,600 € every 2–3 years (130–190 €/month).

The revenue and expenditure trends from 18 months of operation are summa-
rized in Tables 8.2 and 8.3 below. As revenues and expenditures vary from month
to month, 3 month averages are provided to give typical values. The different
periods are also selected to show how revenues and expenditures are evolving. The
revenue trends show that the lantern renting and mobile phone charging services are
by far the highest and most consistent source of revenue; they represent 70 % of all
revenue generated by the energy centre and about 50 % of the costs. They essen-
tially subsidize the other services provided at the centre i.e. the IT services and TV/
video shows. Whereas, these are viewed as important services by the local com-
munity they are not sufficiently subscribed to cover their operational costs.

The lantern charging and renting service has evolved from being a purely
centralized model where the lanterns and lantern charging system were all housed at
the energy centre to a decentralized model where lantern renting services are also
provided in neighbouring villages through agents. The reason for this change was
demand for lantern renting in these other villages around Ikisaya. The Ikisaya
energy centre currently has 5 agents located in other trading centres that are 10 km

Table 8.1 Summary of capital costs for the energy centre

Item Cost (€)

1 Building, construction and oversight costs 10,509

2 Furniture and fittings 818

3 Solar PV system equipment and installation costs (including lanterns and
other accessories) at the energy centre and for agents

25,700

4 Appliances (e.g. laptop computer, laser-jet printer, TV, decoder, DVD player) 1,782

5 Start-up stationary and equipment (e.g. receipt books, counter books, cash
boxes, folders, stapler, punch)

982

6 Retail outlet start up stock (40 lanterns and 40 power packs) 2,736

Total (€) 42,527
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or more from the energy centre. These agents are in the trading centres of Endau,
Malalani, Kalwa, Kathua and Yiuku.

The charging units are easily set up by installing one or more lantern charging
units per agent. Each charging unit, is made up of a 50 Wp module, a junction box/
charging unit and 10 lanterns. In some areas agents have also been provided with
additional equipment to enable them to also offer phone charging services. The
lantern charging capacity of the energy centre and of the different agents is cur-
rently: Ikisaya–56, Endau–56, Malalani–22, Kalwa–20, Kathua–20 and Yuiku–20.

The agents are typically existing shop-owners in these trading centres interested
in generating additional income. These agents earn a commission of 30 % on the
lantern renting and phone charging revenue they collect.

The energy centre has also been experimenting with an alternative kind of agent.
In one trading centre the energy centre has employed a local person to manage the
lantern charging services there. This person is paid a fixed monthly salary (irre-
spective of the revenue collected). The centre also directly covers the rental costs of
the premises where the services are housed.

The major challenge with the agent approach is the inability to determine the
actual revenue collected by the agents. A number of options are being tried out to
address this:

• A fixed monthly amount payable by an agent to the centre be determined and
any revenue generated over and above this amount be retained by the agent as
his/her income. It is anticipated that this approach would not only guarantee the
centre a predictable monthly income but that it could also incentivize the agent
generate as much revenue as possible.

• Implementing a system that could remotely monitor an agent’s performance and
that could also remotely control the agent’s system. Such a system would ensure
timely monthly payments by enabling the centre to remotely disconnect an
agents system if payment is not remitted. In Kathua and Yuiku, the energy
centre is piloting lantern and mobile phone charging systems with the capacity
for remote monitoring and control.

It is important to consider that the logistics of remittance or collection of pay-
ments from agents is difficult in areas with limited inter-village public transport and
poor or limited mobile network coverage.

The total number of services used and paid for in a given day averages about
169; an increase of 44 % over 5 months. Lantern renting and mobile phone
charging are the most used services; they together represent 77 % of all services
used at the centre. The relative usage of other services compared to the total number
of services used at the centre is: IT services at 13 %; TV/Video at 7 %; and hair
cutting at 3 %.

The projected and actual average monthly expenditure for the energy centre are
shown in Table 8.3 below. On average the energy centre’s expenditure has not
varied much over the course of its operation. Staff salaries and the battery
replacement fund represent the largest operational expenditures.
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The battery replacement and maintenance fund is based on raising an estimated
4,600 € every 2–3 years. This amount is to cover future battery replacement costs
and unexpected system component repair or replacement costs. The centre target is
therefore to set aside 194 € every month towards this fund. The actual amount
raised is typically the difference between the monthly revenue generated and the
recurrent monthly operational expenditure; as at the end of August 2013, the centre
had managed to set aside a total of 1,532 € for the battery replacement and
maintenance fund.

Table 8.3 Average monthly expenditure Nov 12–Jan 2013 and Apr–Jun 2013

Energy
centre
expenses

Details Projected
expenditure
per month

Average monthly
expenditure (Nov
12–Jan 13)

Average
monthly
expenditure
(Apr–Jun 13)

Salaries Manager 73

IT clerk 59 59 65

Centre technician 59 59

Evening attendant 45 45 58

Part time accountant 36 36 55

Other staff
payments

Overtime (evening
attendant)

9 7

Agents
commission

Commissions for lantern
renting agents

30 17

Consumables Printing paper 4 0 7

Cartridges black 14 20 25

DSTV monthly
subscription

39 20 9

Petty cash 36 21 29

Transport Monitoring of agents 8 14

Business
permit

County council
payments

4

Maintenance
fund
contribution

Estimated 500,000
needed after 2 years for
battery replacement and
other emergency
maintenance
requirements

194 124 112

Total
expenditure,
monthly (€)

560 425 400
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Discussion

With a typical solar PV system life span of 15 years, the project is low-cost
compared to other options for provision of basic energy services to low density off-
grid communities. Considering the average population density in the general area is
9 households/km3; electrification through a mini-grid would not be a viable option.

The significant upfront investment required for the energy centre and small
margins make the model uninteresting for private sector investment. In its current
form, the model would not attract businesses that could easily generate quicker and
more substantial returns elsewhere. A capital subsidy would therefore be required if
an identical model is to be replicated.

Nevertheless, components of the model could be interesting for private sector
investment. Revenue and expenditure trends indicate that the lantern renting and
mobile phone charging services are the highest and most consistent source of
revenue; they represent 70 % of all revenue generated by the energy centre and
cover about 50 % of the operation and maintenance costs. An analysis of invest-
ment costs also indicates that a model that targets only the provision of lantern
renting and mobile phone charging services would require less than one third of the
investment costs used for the Ikisaya energy centre (see Table 8.1; considering that
the lantern and phone charging represent 30–40 % of the solar PV equipment and
installation costs).

A key lesson is that location is a key consideration when selecting the services to
be provided and best way to deliver them (i.e. whether through an energy centre or
simply through an agent). In areas where household incomes are low it may be
necessary to focus on the provision of the most basic services i.e. lighting services
(lantern renting) and phone charging only. In economically active areas, the
demand for TV and IT services would be higher, as would be the ability to purchase
lanterns or small solar home systems. For purposes of standardization and repli-
cation, it may therefore be necessary to develop criteria for assessing and catego-
rizing sub-locations based on socio-economic activity and then develop services
best suited for each category.

Reference

The Kenya Bureau of Statistics. (2009). Population Census.

3 Kenya Population Census data 2009 (Source Kenya Bureau of Statistics).
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Chapter 9
Lessons from the Edge

Peter Newell, David Kerner and Scott Thomas

Abstract Lessons learned by the Army in changing how it meets energy needs on
the battlefield can well inform how energy solutions are brought to rural areas
around the world. Just as bringing conventional, grid-based electricity to remote
villages often imposes a high economic cost, delivering energy on the battlefield
incurs a high human cost, one that has led the Army to reexamine its assumptions
about how energy is provided and used. Changing the way they framed the problem
led to better energy solutions, saved lives, and made the missions more resilient.
The resilience paradigm is similarly well suited to rural energy applications. Based
on the Army’s lessons learned, the authors describe the attributes of a resilient
system and discuss how these terms can be applied to instill energy resilience in
rural communities.

Keywords Army energy � Resilience

Introduction

Late in 2010, the US Army and other forces in Afghanistan were faced with a
growing trend in Improvised Explosive Device attacks that no amount of techno-
logical advantage seemed to abate. With no clear path to a technical solution to the
problem, experts began looking for ways to reduce the number of Soldiers exposed
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to potential attacks. This fresh look at a decade-old problem also coincided with a
growing desire to find a way to curb the growing costs of providing fuel to fixed
sites throughout the country by inserting renewable energy systems as a source of
power.

These weren’t the first attempts to insert renewables onto the battlefield; there
had in fact been several others dating back to early-2006. Unfortunately, the driver
in previous attempts was a desire to save dollars, something that is a tough sell to
Soldiers who are most concerned with just making it back to base in one piece
every day.

Real progress did not come until the Army targeted a reduction in resupply
efforts at the far reaches of the battlefield, where resupplying fuel was largely a
human capital-intensive endeavor.

In these locations, for these units on the “tactical edge”—the burden of providing
power and energy relies primarily on the force on the ground where the operational
costs to deliver power and water are the greatest. At the tactical edge, sustainment
operations are tactical operations that consume combat power, and at the tactical
edge, savings will likely be measured in lives rather than gallons of fuel saved.

As we learned to ask the right questions, leaders across the country discussed the
challenges of resupplying ever more distant Combat Outposts and their associated
Observation Posts. The problem was most telling in one Brigade’s area along the
Afghanistan-Pakistan border, where logistics resupply operations between a bat-
talion-level Forward Operating Base and a Combat Outpost was a 10-h trip—one
way—all on routes that had to be cleared of improvised explosive devices and then
secured lest they be repopulated with more. From that Combat Outpost it was a 5-h
walk up a mountain to reach the closest Observation Post (OP). At the OP there was
no landing zone; at best, there was only a single touchdown point with barely
enough room for a helicopter to get two wheels on the ground. That Observation
Post was within 2.5 km of the Pakistani border and was in near daily contact with
insurgents.

Two squads of Infantrymen who rotated into the site every 7–10 days manned
the Observation Post. They lived and worked in open bunkers and had only min-
imal power requirements—just enough to power their radios and Intelligence,
Surveillance and Reconnaissance (ISR) systems and recharge their batteries. Their
sole source of power was a single 5-kW generator that they had somehow managed
to get to the Observation Post. Unfortunately, the generator was unreliable and
difficult to repair, no surprise given that the power draw on it was less than 20 % of
its capacity.

The Observation Post relied on air resupply for fuel and water, something that
could not always be counted on in the winter. Close by were three other Obser-
vation Posts along the border in similar conditions.

Our observations indicated that “spot power” was a reality for small units who
moved often and changed missions and operating bases as often as they change
socks. At these locations there were no grids, save those installed on the fly by very
industrious Soldiers.
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At one small Combat Outpost representative of the problem, we found power
provided by five generator sets. The first generator ran the Combat Outpost’s
Command and Control node with 15 computers, three large television screens, a
number of computer monitors and six radios. That 60-kW generator was running at
17 % of its capacity. The second generator we found was powering the Combat
Outpost’s living areas and dining facility—this 60-kW generator was operating at
36 % capacity. The third generator, also a 60-kW unit, operated a single pump at the
shower point that had a power draw of just 750 W. The fourth generator our team
found was the best utilized, with 53 % of its capacity being used to power four
refrigerator vans that supported the dining facility. The final generator set we found
was a 15-kW set that was used to provide the 1.2-kW of power needed to run the
Combat Outpost’s Rapid Aerostat Initial Deployment (RAID) tower. Moreover, in
our review of human capital interaction with energy systems at the outpost, we
found no one on the outpost was trained in energy system management and only a
few outside the lone generator mechanic had any basic knowledge of energy sys-
tems maintenance. Ultimately leaders knew things did not work right but were
exasperated in the efforts to explain why, much less improve them.

Our visits to the forward edges of the battlefield, our site surveys, and our efforts
to curb their energy problems, taught us many lessons.

First, energy solutions must be developed in open, transparent, and collaborative
environments, so that new strategies and technical solutions are informed by user
(i.e., Soldier) and technology developer insights and modified per actual field
experience. Several of our early efforts lacked this coordination. For instance, in the
early days of foaming tents for insulation, we failed to load-balance the generators
that powered the air conditioning for the tents. While we were successful in
reducing the temperature inside the tents, the reduced load on the generators caused
them to be more inefficient and resulted in more fuel burned. Despite our best
intentions, our lack of engagement with the entire community of interest involved
in providing power to the bases actually led us to increase, rather than improve, fuel
consumption on the bases. In quite similar fashion, it is not hard to imagine that
very well intentioned, but one-dimensional, solutions applied in rural settings
would have similar effects.

Through subsequent efforts, we recognized the real power of our organization
was in our ability to bring together teams of subject matter experts from other
organizations in order to more rapidly understand and solve complex problems. We
became heavily reliant on partnerships and collaboration with other government
organizations, academia, and industry, all of whom had the skill-sets necessary to
support rapid requirements analysis, unit coordination, accelerated procurement,
contracting, training, assessments, and sustainment.

Likewise, at the tactical edge the operators are Infantrymen, cooks, and medics,
not electricians. Clearly, materiel solutions delivered for these Soldiers’ use had to
be robust yet functionally easy to integrate, operate and maintain. Additionally,
training had to go beyond simple maintenance procedures and include the principles
of power management, to ensure the optimal performance and benefit was realized
from any energy solutions.

9 Lessons from the Edge 99



Third, our Highly Qualified Experts and assessment teams had to be ‘solution-
agnostic.’ These teams had to be useful from the day they arrived onsite. Their
initial duties included helping to optimize what was already present while also
gathering the data required to help us determine the right solution. We also found
that we had to gather data not just from one part of the system but had to check
downstream to insure the solution didn’t cause a bigger problem someplace else.
We certainly could not assume that the improved effectiveness of a single device in
a system would mean that the entire system would be better optimized.

We came to understand that fuel reliance is just part of the sustainment problem
for tactical units; access to clean water and waste removal account for a significant
portion of our sustainment convoy requirements and must be addressed as well.

Our most significant lesson was that despite our tremendous resources, we truly
lacked resiliency—the ability to ensure a mission can function despite shocks and
challenges—when it came to sustaining ourselves in remote areas. While our
method of brute force accommodation made up for that lack of resiliency in most
cases, when it failed, the results were catastrophic. And those same accommoda-
tions—massive resupply convoys—became assailable weaknesses for others to
exploit.

In the future, we have much more to learn about solving challenges in austere
environments, be they remote combat outposts or rural villages.

Understanding the Challenge

How we characterize the problem, a step that explicitly or implicitly embodies our
assumptions and expectations, is a central concern. This steers how we define
‘success,’ what terms we choose for analysis, our metrics for measuring progress
towards goals, and the technologies and strategies we select to achieve those goals.

If our focus is exclusively on economics, we inherently assume certain things
about what will be good for the affected stakeholder. In the case of energy delivery
in Afghanistan, the original assumptions included that energy supplies would focus
almost exclusively on the use of military-grade JP-8 fuel, an assumption that carried
mortal implications for those who delivered, retrieved, and relied upon that singular
approach. Once we reframed the narrative, leaders were able to understand the full
implications of logistics choices; the calculus no longer focused on economics, but
on Soldiers’ lives and mission effectiveness.

In a similar manner, efforts to meet rural energy needs often focus on narrow
economic considerations, such as the cost per unit of energy delivered or the overall
energy capacity installed for a given amount of money. Job creation and second-
order effects may be included in the calculation, but the emphasis tends to be on the
energy delivered. We argue that, just as the military energy supply problem was
refocused from just supplying energy to the broader goal of ensuring the mission—
which carries with it the need to protect troops, reduce reliance on singular supplies
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of a resource, ensure mission capabilities in the face of disruptions—so too the rural
energy initiatives should focus on the community’s existential needs to function and
carry forward its character and identity.

A Resilience Perspective

The focus, then, must be on resilience. While several definitions exist for the term,
the one of greatest use for open systems such as a rural economy derives from what
natural resource managers have observed about ecosystems that adapt, survive, and
thrive despite a wide range of stresses and disruptions. Systems characterized by
uncertainty and unpredictability appear more tractable when examined from this
ecological systems perspective. In this context, resilience has been defined as the
capacity of a linked social-ecological system (SES)—very much a description of a
rural society—to experience shocks while retaining essentially the same functions,
structure, feedbacks, and therefore identity (Holling 1973; Walker et al. 2006;
Walker and Salt 2006). How much disturbance can the system—people, infra-
structure, resources—accommodate while still maintaining its basic structure,
capabilities, and capacity to function? How far can it bend and adapt without
breaking?

Systems often fail in unpredictable ways, but resilient systems continue to
function despite the challenges. Planning assumptions do not always hold true, and
planners often fail to ask how well the system will function in the face of large,
unexpected challenges, or the accumulation of many smaller stresses; these include
market failures; geopolitical and demographic shifts; resource shortages (e.g.,
water, fuel, fertilizer, minerals); epidemics; climate change; severe weather events;
technology disruptions (NAS 2012); and myriad other shocks and perturbations.

Many systems appear to share attributes by which resilience can be characterized
and assessed. Kerner and Thomas have investigated which system attributes relate
specifically to the ecological definition of resilience, asking, “What attributes reflect
whether a system will be able to continue to function and retain its identity in the
face of existential challenges?” They considered attributes for all types of systems,
including natural and manmade, physical and institutional, small and large, simple
and complex. Building on others’ efforts (e.g., Holling 1973; Lovins and Lovins
1982; Walker et al. 2006), they have delineated and defined common resilience
attributes. These attributes, the full collection of which is presented with definitions
in the Appendix, fall into three overarching categories that help us to understand the
resilience ‘posture’ of a given social-ecological system. These categories include:

Stability: The degree to which a system can continue to function if inputs, controls,
or conditions are disrupted. It is a reflection of how minor a perturbation is capable
of rendering the system inoperable or degraded; the types of perturbation to which
the system is especially vulnerable; whether the system can ‘ignore’ certain
stresses; and the degree to which the system can be altered by surprise. Stability
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entails a number of attributes including controllable degradation, resistance, dis-
persion, and others.
Adaptive Capacity: The ability of a system to reorganize and reconfigure as
needed to cope with disturbances without losing functional capacity and system
identity. It reflects an array of response options and the ability to learn, collaborate,
adapt, and create new strategies to ensure continued functionality. Adaptive
Capacity entails a number of attributes including response diversity, connectivity,
learning capacity, and others.
Readiness: How quickly a system can respond to changing conditions. It is
affected by the physical, organizational, social, psychological, or other barriers,
internal or external, that might impede timely response. Readiness is a measure of
responsiveness; its converse is entanglement, a measure of the forces impeding
responsiveness. Readiness entails a number of attributes including situational
awareness, preparedness, simplicity, and others.

Put simply, we want to know if the system can survive a challenge as things
currently stand (Stability), have the ability and options to respond if necessary
(Adaptive Capacity), and understand if there are factors that help or hinder that
response (Readiness). These attributes can be used to develop system-specific
resilience metrics to guide assessment, as was done for a notional assemblage of
Combat Outposts in Afghanistan, following up on the field evaluations described
above (Army REF 2013).

Energy Resilience

In meeting the needs of a rural community, we seek energy resilience as one of the
key enablers of the community. We define energy resilience as the ability to
maintain the community’s identity and function—to keep it alive and thriving—in
the face of energy supply perturbations. This definition refocuses energy policy
from assuring supply to assuring preparedness, thus setting the framework for
stakeholders to improvise, adapt and overcome the effects of potential supply
interruptions (Thomas and Kerner 2010). This shift in the narrative moves us to
value “inefficiencies” such as redundancy and back-up capabilities over optimal
solutions; it moves us to consider all of the factors that keep the community viable,
and how those factors are affected by different energy strategies.

So how does a rural community measure success? Some goals include local
employment, enduring social and cultural integrity, self-determination, safety and
security, self-reliance, and dependable sources of energy, water, food, and other
resources. Changing the focus to energy resilience leads to solutions that ensure
societal functions such as farming, transportation, education, public safety, waste
disposal, etc., can endure energy supply disruptions; adapt to accomplish those
functions in new and different ways; and respond in a timely manner, unencum-
bered by dependencies and constraints. A resilience perspective considers the
totality of the energy-water-food-livelihood nexus.
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Examining energy resilience at multiple scales is important because the con-
trolling variables for different systems may operate at different speeds or in different
physical dimensions (Holling 1973; Walker and Salt 2006; Thomas and Kerner
2010). The Combat Outpost resilience assessment included one scale “higher”
(interaction with the Forward Operating Base) and one scale “lower” (operations of
the Observation Post as well as the individual components of the Combat Outpost)
(Army REF 2013). Assessing the resilience of a rural community might focus one
level higher (i.e., resilience within the region) and one level lower (resilience of
family farms and businesses) in order to capture information at these different
scales.

Solutions for rural energy concerns will be more varied than just a short list of
grid and alternative power (photovoltaics, wind, hydro, etc.) options. Appropriate
technologies—those of a size, simplicity, and sustainability commensurate with the
particular community—should resonate with the inherent goals of that community
and may fit well here. It should be noted, though, that solutions will not only be
technological in nature, but will likely require organizational, regulatory, and
procedural changes. Moreover, leadership and initiative, highly important traits in
the Army, will play a crucial role in realizing any resilience goals. Finally, it should
also be noted that efficiency measures, while important, should not be equated with
resilience; depending on less of something is not the same thing as being less
dependent on it.

Conclusions

Military forces are designed to be highly resilient in a number of ways, but they
have been dependent upon reliable delivery of large quantities of specific, high-
quality energy resources. Defending the vulnerable supply lines to which forces
have been tethered skews the “tooth to tail” ratio and places additional service
members in harm’s way. This energy dependency has created significant vulnera-
bilities and limits force resilience. By reframing the planning considerations to a
resilience perspective, new solutions emerge that both ensure the mission and
protect the lives of Soldiers.

The narrative we choose steers outcomes and affects whether change is palatable.
Framing rural community energy decisions in terms of resilience leads to outcomes
that favor a community’s existential needs; a focus on a monetary return on
investment skews decisions to favor cost factors. As such, a resilience “return on
investment” is not defined by dollar metrics, but by metrics associated with the
continued identity and function of the community. Resilience can be assessed,
developed, and maintained within a social-ecological system—e.g., a rural com-
munity—to avoid tipping points and ensure its existence for tomorrow. Focusing on
system resilience provides a broad framework for selecting between options, pri-
oritizing investments and initiatives, and making decisions about vital issues
affecting the fate of rural communities.
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Appendix

Definitions of resilience attributes

Stability

Single points of failure Singular features or aspects of the system, the absence or
failure of which will cause the entire system to fail

Pathways for controlled
reductions in function

Whether the functionality of a system, operation, or capability
can be reduced in a manner that avoids the overwhelming
effects of an unconstrained failure

Resistance The insensitivity of the system to stresses of a given size,
duration, or character

Balance The degree to which a system is not skewed toward one
strength at the expense of others

Dispersion The degree to which the system is distributed over space and
time

Adaptive capacity

Response diversity The variety and disparity of steps, measures, and functions by
which an operation can carry out a task or achieve a mission

Collaborative capacity The capacity to act through coordinated engagement

Connectivity How readily resources and information can be exchanged to
ensure continued functionality

Abundance/reserves The on-hand resource stores upon which a system can rely
when responding to stress

Learning capacity The ability to acquire, through training, experience, or
observation, the knowledge, skills, and capabilities needed to
ensure system functionality

Readiness

Situational awareness How well system, component, and functional capabilities are
monitored. How readily emerging stresses or failures can be
detected

Simplicity/understandability How well system functions and capabilities can be
understood

Preparedness The level of preparation in plans, procedures, personnel, and
equipment for responding to system perturbations

False subsidies Whether inputs, outputs, or internal processes receive
incentives disproportionate or unrelated to their value

Autonomy A system stakeholder’s authority to select and employ
alternate actions, configurations, and components in response
to stress

Source Kerner and Thomas (2014)
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Chapter 10
Value Chain Thinking and Energy
Projects—A Problem-Centered Value
Chain Approach to Energy Based
Upgrading of Rice Farmers
in the Philippines

Henrik Beermann, Utz Dornberger, Ben Sebitosi, Sebastian Groh
and Jonas van der Straeten

Abstract This paper conceptualizes the link between value chain theory and
productive use (PU) focused energy projects based on microfinance mechanisms. Its
main argument is that all PU of energy projects focusing on micro, small, and
medium enterprises (MSME) development can be interpreted as value chain
upgrading attempts. It is argued that successful upgrading greatly depends on the
MSMEs embeddedness in specific market contexts. For that reason, the context
must be assessed to derive energy based intervention points that cause additional
income for MSMEs and consequently development. Based on this rationale, a
problem-centred value chain approach is proposed. A case study of the Philippine
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rice market illustrates the usability of the method by outlining some risks and
opportunities the rice value chain context poses to energy based upgrading attempts
of rice farmers.

Keywords Productive use of energy � Value chain theory � Systems theory �
Microfinance � Development

Introduction

Be it ecosystem degradation, global warming, persistent inequality and poverty, or
food insecurity—most of the challenges making up the poly-crisis of today’s world
are in essence system failures (Swilling and Annecke 2012). Solutions to these
problems must be based on holistic thinking rather than separating the problem into
small, isolated pieces and solving them stepwise (Batie 2008). Fueled by advanced
communication technology, trade agreements and globalized cross-border capital
markets, cross-border trade and production has linked the state and future prospects
of evolving countries micro, small- and medium-sized enterprises (MSMEs) to the
(global) market system they participate in Kula et al. (2006). Energy related
research in agricultural markets needs to “change intellectually and operationally
from a narrow focus on agriculture and technological research to a better under-
standing of rural societies and their needs. There is a need to seek greater under-
standing of alternative pathways for rural economic development, placing the role
of agriculture (and energy) in perspective, and redefining the role, mission, and
strategy of agricultural institutions as agents as facilitators for rural economic
growth” (Anandajayasekeram and Gebremedhin 2009: 8). The application of value
chain theory is one result of the paradigm shift that has occurred in agricultural
research during the last decades. Value chain thinking anticipates these challenges
by assessing MSMEs development potential from the viewpoint of the market
system they are part of. Energy projects fostering the utilization of energy services
by MSMEs, but develop interventions solely at the firm’s level of energy need and
use patterns, risk overlooking key external drivers’ growth and competitiveness
(Wolfe and Page 2008). Therefore, the development practitioners’ perspective
needs to go beyond the energy technology and farm system to ensure that the
energy based intervention gains economic significance.

Research Objectives

The power of energy technology for MSME development is based on the multi-
facetted opportunities energy services pose for altering the way these firms interact
with market systems. Unsurprisingly, Fakira (1994) states energy is a critical
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resource to liberate MSMEs from low value, low productivity and low income
activities. Following Boardman and Kumani (2012: 152), “there is often a two-way
relationship between the lack of access to adequate and affordable energy services
and poverty. The relationship is, in many respects, a vicious cycle in which people
who lack access to cleaner and affordable energy are often trapped in a re-enforcing
cycle of deprivation, lower incomes and the means to improve their living condi-
tions while at the same time using significant amounts of their very limited income
on expensive and unhealthy norms of energy that provide poor and/or unsafe
services”. Hence, a general consensus exists amongst development practitioners in
regard to the high relative potential energy technology has for MSME development.
Groh (2014) argues that based on the existence of an energy poverty penalty, it is
likely that households’ and micro-businesses’ development path is inhibited or at
least delayed. According to Kirubi (2006), energy is a necessity, though not a
sufficient means for MSME development. This implies that, even if energy is
considered as a barrier to development, removing this barrier does not necessarily
cause additional income and economic growth. To cause profound changes, com-
plementary factors, such as infrastructure, access to capital, the availability of
information, skills or social services must be integrated in the design of energy
based development interventions (UNDP 2011). Despite those basic insights, lit-
erature that systematically assesses the importance of context for energy based
MSME development projects remains scarce. Against this backdrop, this paper
aims at answering the following research question: Which role can value chain
theory play to support energy projects aiming at MSME development? The ques-
tion is addressed by conceptualizing PU focused energy projects as value chain
upgrading attempts. On this basis, a problem-centred value chain approach is
proposed. The practical relevance of the approach is elucidated by assessing some
of the risks and opportunities the rice value chain in the Philippines poses to energy
based upgrading of rice farmers by means of solar based drying technology.

The Systemic Value Chain Approach

Agricultural goods usually pass through many hands as they move from farm to
fork. The goods move along a value chain, defined as “the full range of activities
and services required to bring a product or service from its conception to sale in its
final markets” (Kula et al. 2006). The value chain approach centres on the “inter-
relatedness of those actors gradually adding value to product or service as they pass
it from one link of the chain to the next” (UNIDO 2011: 1). These different actors
undertaking value adding activities are linked by the flow of products, finance,
information and services (KIT and IIRR 2010). Value chain assessments analyse
key market actors, the relationships between them, and other factors influencing the
performance of an industry. The assessment is centred on the chains metabolism:
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Flows of information, finance, knowledge as well as the formal and informal
relationships determining these flows. Limiting factors to increased efficiency,
productivity and competitiveness are identified and strategies to overcome these
barriers are developed (Fries 2007; Miller and Jones 2010). These strategies are
based on value chain interventions—concerned activities that facilitate a systemic
change of the value chain in regard to an intended goal, such as increased com-
petitiveness of the chain or single firms.

The advantage of such an approach for development projects is that interven-
tions can be tailored according to the context they are embedded in. Its disadvan-
tage, however, is that researchers are endangered by losing sight of the bigger
picture because one gets easily caught in particular value chain details (UNIDO
2011). A systematic and systemic analysis of the factors affecting the performance
of the firms in a value chain is needed: Systematic in a sense that the process of data
gathering must conducted according to an organized method guided by the
assessments purpose, and systemic in a sense that that the gathered data must be
analysed from structuralist viewpoint. As there is “no single instrument or a defined
‘recipe’ to follow” (Miller and Jones 2010), it’s up to the researcher to decide on
how to do that. The approach applied herein is based on the value chain framework
propose by USAID.1 It applies a “market system perspective to analyse microen-
terprises needs and opportunities to […] prioritize programming options available”
(Wolfe and Page 2008). According to the framework, “value chains have both
structural and dynamic components. The structure of the value chain influences the
dynamics of firm behaviour and these dynamics influence how well the value chain
performs” (Kula et al. 2006). The systemic nature of this causal model becomes
obvious when comparing Kula’s statement with Sterman’s (2000) explanation of
the basic rationale of systems theory: “The behaviour of a system arises from its
structure. The structure consists of feedback loops, stocks and flows, and nonlin-
earities created by interaction of the physical and institutional structure with the
decision-making processes of the agents acting within it”. A solid understanding of
the systems structural patterns is necessary to understand how they cause behav-
ioural patterns. This, in turn, is a prerequisite to indentify places to intervene in
(market) systems, and to develop interventions in order to change the system’s
behaviour according to a given goal (Senge 1990; Meadows 2008). As such, the
value chain framework is an application of this fundamental rationale and is
therefore subsumed herein under the systems theory umbrella. Following this
rationale, systems theory and value chain theory form a nested hierarchy. Just like a
matryoshka doll, systems theory represents the highest level of analytical abstrac-
tion and the value chain approach an application of basic insights of systems theory
(see Fig. 10.1). On a further subordinated level, PU projects can be subsumed as
value chain upgrading attempts, which is discussed in the following section.

1 www.microlinks.org/good-practice-center/value-chain-wiki.
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Value Chain Theory and PU of Energy

From a value chain perspective, a firm’s decision to invest and thereby facilitate an
intended economic change is a dynamic response to an opportunity to do so. This
opportunity is posed by the interplay of a value chain’s structural and dynamic
elements. In value chain theory this process is understood as upgrading, defined as
the process of implementing an innovation that increases the value a firm adds to a
good or service (Pietrobelli and Rabelotti 2005). Following Schumpeter (1939), an
innovation is an economic decision to adopt a particular intervention in order to
cause an intended economic change. Value chain literature distinguishes between
five upgrading types, namely process upgrading (improving production efficiency),
product upgrading (improving a products quality), functional upgrading (doing
things different, performing higher level stages of the chain), channel upgrading
(tackling different end markets), and sectoral upgrading (applying skills gained in
one value chain to participate in another) (e.g. Humphrey and Schmitz 2002; Miller
and Jones 2010). The nature of a successful innovation process, in other words the
application of a single or combination of these upgrading strategies, depends on the
market structure an MSME is embedded in.

Productive use (PU) of energy is defined as the utilization of energy “either
directly or indirectly for the production of income or value” (White 2002). The
definition is based on a contemporary understanding of the term development as
goes beyond the sole increase of financial income (see Sen 1999). However, for the
sake of the discussion herein, PU of energy is understood as the utilization of an
energy service in a way that the financial income of an MSME in increased. The
term “energy service” is used herein to apply an end-users-perspective to energy
projects. Energy itself does not make a difference in poor people’s lives’; it is rather
the service the energy provides such as cooling, heating, or communication
(Allderdice et al. 2007). The potential of energy technologies to increase the income
of MSMEs provides an opportunity to finance these technologies on a loan-basis.
This provides an opportunity to break the poverty cycle many MSMEs are trapped
in, despite the fact that the MSME might not be creditworthy from the viewpoint of
conventional banking as they lack bankable collaterals. Designing energy based
loan projects in a way that the potential income effect energy technology holds is
maximized is a necessity to realize the “synergy potential of financial and energy
inclusion” (Groh 2013). Following this logic, microfinance institutions (MFIs) are
showing an increased interest in diversifying their portfolio by including energy

Fig. 10.1 Nested hierarchy of systems theory, value chain theory, and PU of energy
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related products and services (Kebir and Heipertz 2010) and applying innovative
finance mechanisms to finance these offers (e.g. value chain finance). PU focused
interventions cause an economic change in a way that the value a MSME adds to a
good or service increases. Hence, PU of energy can be interpreted as value chain
upgrading based on an energy service related intervention. This implies that every
energy project focusing on PU of energy by MSMEs can be interpreted as one or a
combination of the 5 upgrading types process-, product-, functionals-, channel- and
sectoral upgrading. In theory, access to energy services can generate income in
three major ways: First, a currently used energy source can be substituted by a more
cost efficient alternative (substitution effect). Second, access to energy can offer new
business opportunities and thereby promote the emergence of new firms (entre-
preneurial affect). Third, access to energy services can offer the possibility to alter a
firms production process in a way that the value added to a good or service is
improved (development effect) (see Fig. 10.2).

It is this income effect that constitutes the link between energy projects and value
chain theory. By means of four examples, this linkage is exemplified in Table 10.1.
In case of process-, product-, functional-, and channel upgrading, the discussed
logic applied. Taking the example of seafood value chains, an investment in an
energy efficient refrigerator can improve the energy service cooling in a way that
the relate expenses reduced. This example is a process upgrading approach, as the
efficiency of the value adding activity cooling is optimized. This income effect can
be a basis for a micro-loan based finance approach. The case of energy-based
sectoral upgrading is different though. Following the example used in Table 10.1, a
biomass gasification power plant that is embedded in an agricultural community
offers new value adding activities to local farmers. If the power plant is based on
energy crops, providing the opportunity to farm and sell these crops means

Fig. 10.2 Energy-based income effects and value chain upgrading
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exposing these farmers to a new value chain. The major difference of this channel
upgrading example to the other upgrading types is that the income effect is not
based on an energy services implemented on the level of the MSME, but it is a the
provision of a new value chain based on the biomass needs of the power plant. The
second major difference is that the investment costs for projects’ like this usually
exceeds the financial capabilities of MFIs.

Proposal of a Problem-Centred Value Chain Approach

What are the implications of the previous discussion for energy based development
projects? The basic rationale of the applied value chain approach is that an
investment in energy technology must be seen as a dynamic response of a market
actor in terms of an opportunity the value chain context poses. The context consists
of different structural elements and dynamics—with each of these either supporting
an investment opportunity, posing a risk to an investment opportunity, or being
neutral. It is the sum of these influences that determines whether or not an
opportunity to invest exists [for a generic discussion of these causal linkages see
Dunn et al. (2006)]. Value chain assessments are undertaken ex-ante to the
development of a context tailored intervention. However, despite the importance of
market based information for the design of energy based MSME development
projects, conventional value chain theory seems to be incommensurate with the
reality of energy based development work. New projects are often started with a
given, idea of where and how to intervene in a firm system, as well as an
assumption in regard to the financial benefits of such an intervention. Undertaking
an open-ended (in terms of the intervention) value chain assessment is resource
intensive and therefore out of realm of most energy projects. Hence, the question is
how to bridge both approaches—how to utilize “intervention-open” value chain

Table 10.1 Linking energy technology and value chain upgrading

Energy technology Energy
service

Improvement Upgrading
type

Energy efficient refrigerator Cooling Reduced cooling expenses by Process
upgrading

Solar tunnel dryer Drying Improved quality of agricultural
goods

Product
upgrading

Energy efficient electric
vehicle

Mobility Ability to bridge exploitive
middlemen

Functional
upgrading

Solar home system (SHS) to
provide energy for internet
access

Information Ability to respond to changing
market conditions

Channel
upgrading

Biomass gasification power
plant

Does not
apply

Offering new value chain based on
energy crop needs of biomass
power plant

Sectoral
upgrading
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thinking in order to support “intervention-closed” PU of energy project? As a first
attempt to answer this question, this paper proposes to reverse the value chain
rationale and undertake problem- centred value chain assessments. In this regard,
problem centered means that all gathered information is related to an ex-ante
defined upgrading strategy. The data collection process is limited to the influence
(supportive, hindering, neutral) the value chains structural and dynamic elements
have on a given energy based upgrading strategy. Thereby, market-related risks and
opportunities to the given upgrading strategy are derived, which enables decision-
makers to design a project in a way that the risk/benefit ratio of the project is
optimized and the income generation effect maximized.

Case Study: Energy Based Upgrading of Rice Farmers
in the Philippines

The problem-centred value chain approach is applied herein to the case of energy
based upgrading of rice farmers in the Philippines. Ex-ante to the assessment, a
financially promising intervention has been proposed, which is the alteration of the
drying process of rice farmers by means of solar based drying technology. Hence,
the energy service this upgrading strategy is based on is “drying” of rice. The focus
on this intervention is justified on the basis of the projects baseline-scenario, which
is the current palay-drying practice of agricultural smallholders: Farmers usually
dry their palay on public roads, a practice with the consequence that parts of it is
consumed by free-range livestock, grains are contaminated by livestock and
cracked by vehicles, the drying process depends on climatic conditions, etc. The
total assumed income generation effect of the intervention must be seen in relation
to business-as-usual case. The assumed financial benefits of improving the farmers
drying process are: (1) Increased market value of a higher quality produce,
(2) prolonged quality preservation of dried product due to lesser contamination, and
(3) more efficient drying in a high humidity environment. It is assumed that all of
these alterations are increasing the farm-gate price of palay. The problem-centred
value chain approach contextualizes these assumptions by relating them to the local
rice market. It discards, enhances, or adjusts the assumed benefits and serves as a
basis for a realistic calculation of the financial viability of investing in the upgrading
strategy. The gathered information serves as a basis for deriving the project’s
feasible design space—potential project settings that are in line with the projects
goals function while taking into consideration the projects constraints and local
market conditions. On this basis, the project can be designed in a way that the
income generation effect for palay farmers is maximized, which, in turn, minimizes
the lending risks MFIs.
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Method

The data collection process was explorative and mainly based on qualitative
interviews with value chain internal market actors and value chain external experts.
The major problem of attempts to analyze the rice market in the Philippines is the
unwillingness of certain market actors to talk with strangers about their business
practices, a condition that defies an approach based on a large sample survey over a
wide area with standardized questionnaires (Hayami et al. 1999). As discussed in
the previous section, the data gathering process has been guided by challenge of
designing a project in a way that the financial benefits of the drying based inter-
vention are maximized. Structural and dynamic parameters potentially impacting on
this goal have been detected during the research process—which is only possible in
an explorative manner. Based on this rationale, 48 open-ended explorative inter-
views with key value chain actors and local rice market experts have been
undertaken between August 13th and October 10th 2013 on the Philippines main
island Luzon.

Analysis

Following the rationale of the problem-centred value chain approach, and given the
limitations of this paper, most conventional features of value chain assessments
(e.g. a map of the market, discussion of value chain actors) are excluded from this
case study. Instead, a few selected aspects of importance are explained and their
relation to the projects goal function discussed.

End market conditions: The value chain approach is driven by the principle of
demand-driven supply. End-markets play a central role in the value chain study, as
they determine demand characteristics terms of quality, quantity, timing, and
pricing (see Kula et al. 2006). The rice value chain must be subdivided into the
palay chain (un-milled rice), and the rice chain. Both are connected by the miller.
The end-market of interest for farmers is defined by the palay chain, with its
different market segments defined by the specific needs of palay buyers. According
to the assumptions, quality increase caused by upgrading the drying process leads to
income increase on the level of farmers. However, quality is a multidimensional
concept, with its subjective assessment being related to a specific end and the
resources to achieving it (Allaire 2012). Whether, and to which extent an income
generation effect is caused depends on the end-markets notion of quality, which
determines their willingness to pay for quality alterations. Three end-markets
segments have been identified: (1) The governmental National Food Authority
(NFA) applies a very differentiated price mechanism based on a matrix incorpo-
rating several quality related attributes, (2) Local buyers who apply a straight
payment scheme mainly based on the type of rice and the moisture content (often
reduced to “wet” and “dry”, as well as the type of palay), and (3) buyers connected
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to institutional markets, who are in the need to supply large quantities of high
quality rice. The crux of benefit maximization is to link farmers to those of these
end-market segments that (financially) acknowledge the quality alteration, which is
in this case segment 1 or 3. However, quality is not the only determinant of the rice
price. Figure 10.3 illustrates the dynamics governing the price setting process,
which is interpreted herein as a dynamic process based on the interplay of a set of
cultural, technical, market-based and political variables (Fig. 10.4).

Enabling Environment: Policies, institutions, climatic conditions, and other
attributes collectively creating the external business setting in which value adding
activities take place are subsumed under the term enabling environment (Christy
et al. 2009). Various variables of this structural element are of importance. One
brief example is representing all not mentioned findings: During the last decades,
the developmental policy of the Philippines has been characterized by free “dole-
outs” of financial and technical means, a practice that caused several unintended
consequences: (1) A “dole-out mentality” has been caused that makes farmers wait
for governmental interventions rather than proactively causing change. (2) Gov-
ernmental presence in development projects undermines the peoples willingness to

Fig. 10.3 Causal-loop diagram of the price setting mechanisms in the Philippine rice value chain

Fig. 10.4 Causal loop diagram illustrating the dynamics caused by governmental dole-out
programs
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pay (WTP) for micro-loans. (3) Governmental dole outs of technologies are
wrecking market-based efforts to provide these technologies. The dynamic interplay
of these aspects is depicted in Fig. 10.2. Governmental institutions are providing a
whole range of supporting services for development projects like this. However, it
must be assumed that cooperation could negatively impact on the WTP of farmers
for loans. This could negatively impact on the repayment rates. For that reason, a
potential cooperation with governmental institutions must be seen as very critical.

Vertical and horizontal linkages: According to the United Nations Industrial
Development Organization (UNIDO 2011: 8), “networks and linkages are the
building blocks of collective efficiency”. Vertical linkages are the relationships
between market actors at different value chain nodes. Horizontal linkages refer to
the relationship between market actors undertaking the same activity in a value
chain. Of critical importance herein are the linkages between palay farmers and
segments of potential buyers. As mentioned earlier, the NFA is applying a price
setting mechanism based on several quality determinants. By upgrading the drying
process of palay farmers in the intended way, the farmer’s ability to meet these
determinants is improved. For this reason, farmers could theoretically realize higher
palay prices by selling to the NFA. However, some aspects are questioning this
approach: (1) The NFA is a governmental entity. For that reason, cooperation could
cause a dole out mentality amongst farmers. (2) The complicated bureaucratic
application process constitutes transaction costs. These must be seen in relation to
the paid premium. (3) Research indicates that the NFA does not necessarily pay
farmers immediately. More than the fact that farmers need cash immediately after
harvest, the uncertainty whether or not the NFA is capable to pay entails high
planning risks for the project. In sum: Although the NFA appears to be a market
segment worth tackling, the assessment of the farmer-NFA linkage revealed some
of the obstacles such an attempt is prone to.

Supporting Services: Supporting services can be subdivided into either formal or
informal (1) financial services (e.g. lending), cross cutting services (e.g. legal
advice), and (3) sector-specific services (e.g. the availability of a certain technology)
(Campbell 2008). Agricultural smallholders are usually excluded from the formal
financial system. However, agriculture is an investment-intensive activity, with
returns only realized at the end of the cropping season (MCPI 2010). Palay buyers
are usually stepping into fill this finance gap. By providing farmers with the financial
means or inputs necessary to initiate the next harvest, trader-credits are crucial for the
functioning of the rice market and for ensuring food supply. However, the public
perception of these credit tie-ups is rather negative; as they are often characterized by
excessive interest rates (e.g. one interviewed trader charged 28 % interest per
month). Farmers usually pay back in kind after harvest by accepting prices dictated
by the traders. For that reason, many farmers are depended on new loans and trapped
in a state of constant indebtedness. This aspect must be from the viewpoint of utang
na loob, which is the Philippine concept of moral indebtedness. Once indebted,
farmers are obliged to show gratitude even when the the financial debt is settled.
From the viewpoint of designing a project that upgrades the drying process, the
discussed issues have two major implications: (1) Local traders usually apply a
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straight buying scheme that reduces the quality determinants to class A (bad quality),
class b (average quality), class C (good quality), as well as the moisture content
(either “wet” or “dry”). Upgrading the drying has a positive impact on various other
quality determinants (e.g. whiteness, aroma, foreign matter, milling recovery, etc.).
For maximizing the financial benefit of the upgrading attempt, farmers have to be
linked to an end-market that is willing to financially acknowledge these alterations,
which most probably isn’t the local trader. However, utang na loob might force
farmers to stick to their traders, even though their financial debts are settled and
another market segment offers higher prices. (2) The risk management rationale of
the project is based on the income generation effect of improving the energy service
“drying”—Maximizing the income generation effect means minimizing loan fail-
ures. But what if farmers are indebted by traders or even by some other suspicious
external parties like 5, 6 Bombay lenders2? It can be assumed that the party applying
highest social or even physical pressure is paid first—which won’t be the MFI
providing energy loans.

Discussion and Concluding Remarks

The conceptualization of PU of energy projects with the aim of MSME promotion as
upgrading attempts provides a new viewpoint on PU projects. By connecting these
previously unconnected dots, a new, intrinsically trans-disciplinary discursive way to
think about energy projects is offered. From the viewpoint of the systemic value chain
approach, it is the value chain system that poses an opportunity to invest in energy
technology. Energy projects neglecting the importance of the market context will a
priori limit their space of interventions to those located within the borders of the
individual firm. Such a self-imposed restriction does not meet the opportunities
offered by the multifaceted applicability of energy services, as the state and future
development paths ofMSMEs is often determined by forces located outside the firms’
borders, and access to energy services offer the opportunity to tackled intervention
points beyond fuel substitution on a firm level. Furthermore, especially if an inter-
vention is developed without proper knowledge of the local market conditions, the
external market context poses risks to a given upgrading strategy that can’t be
overseen and managed in advance. It might seem to be worthwhile to increase the
productivity of an agricultural smallholder, but how does that make sense if the end-
market is already saturated? How does it make sense to improve the productivity of
Philippine banana farmers producing for the European market, if the European
standard for bananas will be changed soon, challenging the farmer to alter the quality
of their produce, not the quantity? Whereas traditional micro-lending neglected
questions like this, there is a growing recognition amongst MFIs that a broader,

2 Their name is a play on their lending scheme and origin: For every 5 pesos, 6 have to be paid
back after one month.
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market-based approach to the design and utilization of their services is needed. One of
the leading Philippine MFIs in this regard is the CARD Bank. Based on their past
experiences inMSME lending, the institution came to the conclusion that “most of its
clients, after attaining commercial-level status through its financial services, are now
in need of essential non-financial services to fully develop their businesses. This
range of non-financial services, known as business development services (BDS),
represent the entire spectrum of services a business requires to attain sustainability
when analyzed within the context of value-chain analysis. Within this context,
assessing what specific types of BDS enterprises require is the first vital step in
addressing the goal of helping enterprises fully realize their business potentials” (Alip
et al. 2009). Energy services offer a huge development potential, but only if their
implementation and application is contextualized. The problem-centred value chain
approach is a first attempt to utilize the power of value chain thinking for overseeing
and managing the risks and opportunities a particular context poses to a pre-defined
energy based intervention. By means of a case study on upgrading of Philippine rice
farmers, the approach has been tested. The discussed aspects are only a fraction of the
insights gathered during the research process. However, they are sufficient to illus-
trate how external, value chain related factors are limiting the feasible design space of
energy projects. Neglecting the local market context, and assuming an energy project
can be designed in a way that the risk/benefit ratio is optimized, leaves interventions
with the risk of causing adverse effects which can otherwise not only be mitigated but
development effects be strengthened.
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Chapter 11
Advanced Solar-Irrigation Scheduling
for Sustainable Rural Development:
A Case of India

Hari Dilip Kumar, N. Tejas Kumar, K.R. Suresh, H. Mitavachan
and Ganesh Shankar

Abstract In the past few years, there have been large migrations from the rural to
the urban areas of India as the country has developed. This has led to shortage of
agricultural manpower in rural India, a region which is essential for the country’s
food security. Also, groundwater depletion in rural areas is affecting agriculture.
Automating some agricultural tasks in a sustainable, scientific way could address
this, leading to decreased water and energy use and increased crop yields. We
develop a research platform to implement proof-of-concept of a system for preci-
sion agriculture incorporating renewable energy sources and information technol-
ogy. Data collected by this system will be used to design a low-cost, commercial
version of this technology for the rural Indian farmer.
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Introduction

India is basically an agrarian society wherein around 60 % of land area is cultivated
for agriculture and about 50 % of the population directly or indirectly depends on
agriculture. Agriculture in India is mainly dependent on the monsoon. Due to crop
failures from monsoon variability, water scarcity, increasing cost of cultivation and
many other unsustainable agricultural and trade related practices, the number of
farmer suicides in rural areas has assumed alarming proportions. An estimated
250,000 Indian farmers have committed suicide since the mid-1990s (Mishra 2008).
Moreover, recent climate change studies indicate that fluctuations in temperature
and precipitation on the Indian sub-continent (especially in the monsoon) are very
likely to increase in the near future (Turner and Annamalai 2012). This will lead to
increasing occurrences of droughts and floods, which in turn will increase conflict
over scarce resources, especially land and water, impacting Indian agriculture
negatively as a direct consequence (Jamir et al. 2013; Pullenkav 2013).

The Kharif crop is mainly rain fed (monsoon), whereas the Rabi (winter) and
summer crops require irrigation. The increasing unreliability of the monsoon and
the scarcity of electricity in rural areas are forcing Indian farmers to depend on
diesel fuel operated tube wells for irrigation. The high operational cost of diesel
based irrigation pumps is forcing farmers to practice deficit irrigation, and as a
result crop yields are much lower than their potential (Pullenkav 2013).

Given that India has more than 300 sunny days per year in most regions, the
alternative option of solar water pumping has been seen as an obviously promising
one. Although the growth of the solar water pumping market has been insignificant
so far due to various regulatory, market and technological barriers (Pullenkav
2013), India’s recent national solar mission (JNNSM) is expected to bring a sig-
nificant change in this direction. It is estimated that around 70 million solar PV
pumps can be installed in India by 2020 (Purohit and Michaelowa 2008).

As of 2010, there were around 9 million diesel irrigation pump sets installed in
India. If solar photo-voltaic (PV) pumps replace at least half of these, then about
225 billion liters of diesel can be saved per year. The cost of solar PV water
pumping without any subsidy comes to around 64.2 % of the cost of a diesel pump
over ten years, and has a payback time of around 4 years (from diesel savings). The
levelized cost of solar PV pumping works out to be Rs. 8.6 per kWh compared to
Rs. 13.9 per kWh for diesel pumping for a lifetime of 25 years and without taking
into account any subsidies for solar PV (Raghavan et al. 2010). Hence, it is
becoming obvious, especially with the increasing diesel fuel prices and the sig-
nificantly falling PV prices, that solar PV water pumping for irrigation is a
promising and cost-effective solution for India.

However, just going solar for agricultural irrigation is not enough. Rodell et al.
(2009) in their study based on satellite observations provide evidence that unsus-
tainable consumption of ground water for irrigation and other anthropogenic uses is
leading to significant ground water depletion in various Indian states. The study
further highlights that, as a consequence of this, these states might experience
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reduction in agricultural output, shortages of potable water and serious socioeco-
nomic stresses, if proper measures are not taken very soon. Hence, irrigation
techniques and water harvesting methods have to be very efficient.

All these facts make the following evident. First, Indian agricultural fields
inevitably need better irrigation; second, there is an urgent necessity to take proper
safeguards so that the adopted irrigation techniques are climate friendly and really
sustainable ones. In this paper, the authors try to address this dual problem by
developing a novel technological method of integrating solar PV pumping tech-
nology with information technology (IT) and environmental parameter sensing.

Research Objectives

This research project1 aims to develop and deploy advanced sustainable technology
for efficient irrigation of agricultural land in rural India. The technology developed
will be based on sound principles from scientific/precision agriculture and incor-
porates renewable energy sources as far as possible. This is to make the technology
sustainable in places where grid electricity access is limited or absent. In this paper
we document the development of a proof-of-concept system based on these ideas.

Methods

The aim of our studies is to design and test a system that uses computer-controlled
solar water pumping and closed-loop irrigation scheduling of a target agricultural
field containing a given crop. “Closed-loop” irrigation scheduling means that the
irrigation to the field is controlled on the basis of the soil moisture content in the
field, apart from other environmental parameters.

The primary research methodology is to quantify the amount of electricity and
water consumed, and the yield obtained after the crop life-cycle, using this method
of irrigation scheduling. The next set of experiments will compare these parameters
with the existing system of irrigation prevalent in rural India (flood irrigation),
which does not use any form of feedback control for scheduling of irrigation in
agricultural fields. The intent of these experiments is to come up with good engi-
neering design decisions when developing and commercializing this technology at
the lowest possible unit cost for the rural Indian farmer.

We now present background material that will allow an understanding of the
technology we have developed.

1 This work is a joint effort between BMS College of Engineering, Bangalore and FluxGen
Engineering Technologies pvt. ltd., Bangalore.
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Soil Moisture Sensing

The moisture content in a sample of soil is the ratio of the volume of water in the
sample to the total volume of the soil sample (Black 1965) and is generally
abbreviated “VWC” (Volumetric Water Content). Several techniques have been
devised to allow automated and non-destructive measurement of soil moisture,
ranging from neutron scattering to soil dielectric constant based instrumentation
(Walker et al. 2004). In our research, we use capacitive soil moisture sensors of the
“soil dielectric constant” type. These sensors return a voltage from which the VWC
of the soil surrounding the sensor probe may be inferred.

Soil Parameters

We now explain the main parameters related to soil moisture (Doorenbos and Pruitt
1977) that are used by the irrigation scheduling algorithm. The Field Capacity (FC)
of a soil is the moisture held in the soil after excess water has drained away and the
rate of downward movement has decreased. This usually takes places 2–3 days after
rain or irrigation in pervious soils of uniform structure and texture. The Permanent
Wilting Point (PWP) for a given crop is the minimal point of soil moisture that the
plant requires not to wilt. If the moisture falls below the PWP, the plant will be
damaged. The Readily Available Moisture (RAM) for a particular crop in a soil is
the range of available water that can be stored in the soil and is available for crop
growth. The RAM is computed as the difference between the FC and the PWP. The
Maximum Allowable Depletion (MAD) is the portion of the RAM that is allowed
for crop use prior to irrigation. It is expressed as a percentage of the RAM, usually
between 50 and 70 % based on the crop type.

The Irrigation Scheduling Algorithm

The algorithm works as follows. The system contains a database of soil parameters
across twelve different types of soil (e.g. clay, loam) and 13 crop types (e.g. maize,
sugarcane). The parameters maintained in this database are the FC, the PWP, the
RAM and the MAD, as explained before. The lower threshold for activation of
irrigation scheduling is computed using the RAM and the MAD. When the soil
moisture level falls below the lower threshold, the irrigation valve is opened. Once
the soil moisture increases to cross the FC, the irrigation valve is closed. This is a
form of closed-loop control with hysteresis. We emphasize that this is the basic
algorithm; one of the aims of our research is to come up with more efficient
variations on this theme.
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Weather Parameters

A precision weather station relays real-time environmental parameters including
ambient temperature, daily rainfall, solar irradiation, wind speed and wind velocity
to the software, which logs all these parameters continuously. There is a two-fold
utility in logging these parameters. Firstly, it may allow a “weather forecast” to be
computed. If a computed weather forecast indicates that it will rain within some
period, making irrigation superfluous, water savings may be increased by appro-
priately pre-empting the next irrigation.

Logging weather data also allows correlation studies to be performed between
the weather conditions and the irrigation schedule. In the final version of this
product, some components (e.g. the weather station) may be removed in order to
deliver it to the end customer (an Indian farmer) at the lowest possible unit cost. The
research system with full weather instrumentation allows us to infer a logical rule-
set which may be implemented when localizing the product (without the weather
station) to a particular region with a known climate through the year.

Renewable Energy

The pumping of water into an overhead storage tank is performed under computer
control. The pump is a commonly available “solar pump” of efficient design that is
powered by (in this case) a 50 W-peak solar PV module. In the field version of our
system, all hardware, including the weather station and the embedded controller,
run from renewable energy sources. We note that the technology we present is a
naturally compatible “application” for a rural renewable energy microgrid.

The Role of Information Technology

IT is central to our approach to problem-solving in this domain. The system we
have developed acquires and logs several parameters of interest, including the
pumping and irrigation schedules, weather parameters and energy usage. This data
allows for extensive analysis of the performance of this type of system under
various environmental conditions. Having these logs allows us to reuse the data for
other academic and industry projects related to renewable energy, rural electrifi-
cation systems and water management.

Since our system is built using versatile tools from National Instruments (http://
www.ni.com), we are able to easily develop, test and deploy improved irrigation
scheduling algorithms. Specifically, we utilize the LabVIEW platform and RIO-
based reconfigurable hardware from National Instruments in this system. For further
technical details of our system, please see Hari et al. (2013).
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Results

As a concrete first step towards this technology, we have developed a proof-of-
concept system2 for research and development (R&D) in this area incorporating all
the techniques outlined previously. As shown in Fig. 11.1, irrigation is provided
by drip irrigation sprinklers placed in a crop field. The irrigation is controlled
(switched on and off) using the solenoid, which is under digital control of the
computer (PC) running custom software. The computer also controls the solar water
pump, which is powered by solar PV panels or a renewable energy microgrid. The
power delivered from the solar panels for pumping over the course of the day is
measured and logged.

The soil moisture sensors return a voltage related to the moisture content in the
surrounding soil. The precision weather station provides real-time data on the
weather parameters as mentioned previously. Since this is a research system, other
parameters useful for problem-solving in this area are measured—including the
water level in the overhead tank to which water is pumped, and daily evaporation
(measured in a special setup.) The latter allows for fine-tuned corrections to the
irrigation scheduling algorithm based on moisture loss due to evaporation. The
electrical control panel contains all the field wiring housed in a weatherproof
enclosure, and transmits signals over a bus to a computer in the lab.

The system continuously acquires and logs all parameters. It displays them in
graphical format on the Display (see Fig. 11.2). The most important feature
implemented is the closed-loop irrigation scheduling, as explained previously.

A major use of the system we have developed is to research and test innovative
irrigation scheduling algorithms in-field. For example, would it make more sense to
irrigate only at night, when the water loss due to evaporation is less? What soil

Fig. 11.1 Block diagram of the proof-of-concept system

2 Patent pending.
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moisture sensor placement is required for a robust reading? Similarly, questions
may also be posed and answered regarding the optimum solar water pumping
schedule, efficiency of renewable sources, etc.

The use of software to perform the irrigation scheduling allows us to test the
hypothesis that we can use the same basic algorithm across any crop or soil type,
allowing for an economy of effort in developing and commercializing this tech-
nology for rural India. Our technology currently supports 13 crops (e.g. maize,
sugarcane) across 12 soil types (e.g. loam, clay).

The system has been running autonomously since July 2013 at a field site at
BMS College of Engineering, Bangalore. The crop being grown is maize in a
clayey soil. We currently use four soil moisture sensors located one below the other
at sensing depths of 15, 30, 45 and 70 cm under the ground. The irrigation
scheduling algorithm currently being tested contains a simple linear root water
uptake model (Prasad 1988) so that, in effect, the soil moisture level is determined
across the current depth of the plant’s root system.

We have also developed a completely portable version of the research system
based around the RIO embedded technology from National Instruments (Hari et al.
2013). This version contains all the functionality of the proof-of-concept system
without need of a PC.

Discussion

The technology described in this paper will find application in areas where there is
land suitable for agriculture, but inadequate supply of water and/or electricity. In
grid-connected rural areas of Karnataka, the government currently provides free

Fig. 11.2 Display screen, showing soil moisture levels
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electricity for a limited period during the night (Karnataka Farmers 2014). The
practise in these areas is to pump water into an overhead tank as soon as the
electricity comes on in the night, and then use this to perform flood irrigation of
the crop the next day. In flood irrigation, which has been traditionally followed for
thousands of years, there is usually a massive overuse of water. This translates to a
much higher energy usage (for water pumping) than is actually necessary for crop
growth.

In the system we have proposed, water saving (and therefore energy saving) is
achieved by a combination of drip irrigation and closed-loop irrigation scheduling.
Every drop of water is counted, and irrigation is scheduled based on the actual crop
demand. From our field trials, which are in progress, we have seen water savings of
up to 30–40 %. This water saving translates to lowering of the size, and therefore
cost, of the solar panels required for pumping water. Hence our system can also be
used as a retrofit for extending solar irrigation to a larger agricultural area without
extra investment on larger solar panels. The system is also appropriate as an efficient
and sustainable replacement technology for the existing diesel-based water pumping.

A major factor suggesting adoption of this technology is the dropping ground-
water levels in India, as mentioned previously. Dropping groundwater levels in
rural areas makes agriculture unsustainable and forces migration of people from the
rural to urban areas, resulting in loss of skilled manpower. Hence adoption of this
system may increase food security in India even though labour costs are increasing
and the size of the agricultural workforce is decreasing. If this technology is suc-
cessful and leads, for example, to increased yields and therefore increased incomes
for Indian farmers, their livelihood may be improved.

As groundwater levels are dropping even in urban areas, the technology may
find application, after suitable modification, in urban spaces like apartments, parks
and botanical gardens. The final product we are developing can be used without
specialist knowledge of agriculture. It may therefore become a useful tool for those
entering the farming profession from a non-agricultural background.

A challenge in moving this technology out of the lab and into rural India is
making it cost-effective for the end user. The most expensive components in the
field version will likely be the solar panels, batteries if present and the various
sensors. Indigenization of some components for the Indian scenario may be
required to make this technology affordable to the Indian farmer.

Our future pathway for developing this technology is to continue research at
BMS College of Engineering and field sites in rural Karnataka. There are many
steps to achieving the full potential of this technology, including solving technical
problems, performing rigorous field trials, making it economically viable, educating
farmers on scientific agriculture, exploring financing options and building the
supply chain, market and distributor network for the final product. We hope to
involve many students and faculty across disciplines in this effort, which will give
them first-hand experience of the challenging real-world problems that must be
solved in order to bring this technology to life.
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Chapter 12
Towards a Waste Management System
for Solar Home Systems in Bangladesh

Alexander Batteiger

Abstract One of the most recognized rural electrification programs in the world is
the SHS-Program in Bangladesh. Based on the steadily growing high installation
rates of SHS future waste generation was estimated on a country level. In 2012 at
least 200,000 lead-acid batteries (LABs) from the SHS-Program were disposed.
Lifespan of LABs is the crucial factor for the estimation of future waste generation.
Depending on the average lifespan, between 800,000 and 1.2 Million LABs
equaling an amount of 6,000 to almost 10,000 metric tons of lead per year is
estimated to enter the waste management system of Bangladesh in 2016. Further
research on regional levels and mass flows should be conducted to prepare the
waste management system of Bangladesh.

Keywords Solar home system � Lead-acid batteries �Waste management system �
Waste generation estimation � Bangladesh

Introduction

The main objective of the United Nations sustainable energy for all initiative is to
ensure universal access to modern energy services until 2030 (Ki-moon 2011).
Off-grid areas of developing countries can be electrified by using decentralized
energy systems based on renewable energies (OECD/IEA 2011). Especially Solar
Home Systems (SHS)1 have already proven to be a possible solution for rural
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1 A SHS consists in general of (a) Solar modul (b) Lead-acid-battery (c) Charge controller, (d)
light bulbs or LED (e) Mounting structure, (f) Installation kits and (g) Cables and connecting
devices (UNFCCC 2013).
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off-grid electrification. Bangladesh is worldwide known for the successful imple-
mentation of SHS.2 The yearly installation rate of SHS grew from about 100,000 in
2008 to more than 600,000 in 2012 (WB 2013a). By the end of 2013 more than 2.7
Million SHS were installed and SHS are close to become economical viable without
subsidies. To fulfill the goal of 6 Million SHS by the end of 2016 (IDCOL 2014),
yearly installation rates have to exceed one million SHS.

In the first round of the “Rural Electrification and Renewable Energy Devel-
opment Project” no environmental impacts other than CO2-Mitigation were
assessed. Nevertheless, in the final report was stated that the project helped to
increase standards in battery recycling (WB 2013a). In 2012 the second round of
the project was launched, since than regular assessments of environmental impacts
have to be reported (WB 2013b). In the first environmental and social impact report
of IDCOL, two major environmental impacts related to the SHS-Project were
reported: Improper disposal of lead-acid batteries (LABs) and solar panels (IDCOL
2013).

In 2010 the Blacksmith Institute (2010) in cooperation with the Green Cross
published a report about the six worst pollution problems of the world, with lead
being one of it. About three quarter of all lead is used for batteries (Roberts 2003).
In low- and middle-income countries car battery recycling is one of the main
sources of lead pollution (BSI 2010). According to a recent research photovoltaic
energy systems are expected to become a significant new source of lead pollution in
China and India (Gottesfeld and Cherry 2011). Lead losses over a lifecycle of a
battery in countries with advanced infrastructure are around 5 %; and up to 30 % in
developing countries. In the informal sector losses only in the recycling phase can
be as high as 50 % (Hoffmann and Wilson 2000).

So far assessments of SHS have mainly focused on social impacts and
CO2-Mitigation. The goal of this paper is to identify future waste-flows on a
country level to integrate them into the existing waste management system.

Research Objectives

Since high installation rates of SHS are a comparatively new development, there is
little empirical data dealing with end of life of solar home systems. The main focus
of most of the studies on environmental impacts is greenhouse gas and indoor
emissions. The market for SHS is steadily growing and lower prices for solar panels
will make SHS economical viable without subsidies soon. Figure 12.1 illustrates the
expected growth of installation of SHS in Bangladesh.

2 The Solar Home Systems (SHS) program of Bangladesh is supported by the World Bank (WB),
Asian Development Bank (ADB), Islamic Development Bank, Japan International Co-operation
Agency (JICA), GEF, GIZ, KfW, GPOBA, USAID and DFID. SHS are being installed under the
ongoing Renewable Energy Program of Infrastructure Development Company Limited (ICDOL)
in Bangladesh.
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The main objective of the research is an estimation of the future waste generation
in particular of LABs due to the SHS-Program in Bangladesh. The total number of
LABs and the resulting amount of lead are the estimated parameters. The research is
a starting point for a deeper inventory of waste-flows over the whole life-cycle of a
SHS. It is necessary to close material cycles, optimize the waste management
system and minimize environmental impacts.

Methods

To prepare and adapt a waste management system to future waste generation
information on the number of expected devices and the total mass of the waste
flows on a country level is necessary. The model considers only national waste
streams. Potential cross-national waste streams are not taken into account. The
research is based on literature review. No field research was conducted. Excel was
used as a modelling tool.

Estimation of Disposal of Lead-Acid Batteries

Depending on the data availability and quality different standard models for
quantifying future waste generation of electronic devices can be used (Wang et al.
2013). Due to data scarcity, especially for the distribution of the life-time of the
LABs, the market supply model—a comparatively simple model—was used. It was
already used for assessing waste-processing and generation in the informal sector in
Delhi (Streicher-Porte et al. 2005). Future waste generation is estimated from his-
toric product sales with their respective disposal rates in the evaluation year. The
model is represented by the following Eq. (12.1):
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WðnÞ ¼
Xn

t¼t0

POMðtÞ � LðpÞðt; nÞ ð12:1Þ

W(n) is the estimated waste generation in year n, representing the number of LABs
entering the waste management system. POM(t) equals the historic sales, in this
paper the historic installation numbers of SHS. LðpÞðt; nÞ is the discard-based life-
span, which reflects the annual disposal rate of LAB used in SHS in the evaluation
year n. The waste generation was modelled for different constant disposal rates of
LAB referring to different average lifetimes of the batteries (Laufer and Schäfer
2011; Palit 2013; Khan et al. 2012). Since the solar panel has a significantly higher
lifetime (about 20 years) it was assumed that obsolete batteries were replaced by
new batteries.

Estimation of Lead Flows on a Country Level

Based on the total number of LABs the amount of lead entering the waste man-
agement system was estimated. The following Eq. (12.2) was used:

MðnÞ ¼ WðnÞ � mðAhÞ � P ð12:2Þ

M(n) represents the estimated amount of lead entering the waste management
system. W(n) is the estimated number of LABs calculated with Eq. (12.1). W(n) is
multiplied with m(Ah), the average total weight of a LAB depending on the
capacity. P is the percentage of lead of the total mass of a LAB.

Ah ¼ Wp � F ð12:3Þ

The average capacity of the battery (Ah) depends on the nominal power (Wp) of
the solar panel. Data for the average nominal power, due to historically installed
and estimated future installations SHS, were analyzed (WB 2013a, 2014; Bross-
mann 2013). The factor F (Ah/Wp) defines the size of the battery (GSHAKTI 2014;
Khan et al. 2012).

Results

Figure 12.2 shows the number of disposed LABs for several constant annual dis-
posal rates from 2006 to 2016 based on historical data and linearly extrapolated into
the future. As installation rates began to grow strongly in 2008 the estimated waste
flows follow with a time delay of about two to three years. In 2006 the model
estimates that around 15,000 LABs are entering the waste management system. In
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2012 a minimum of 200,000 LABs were disposed. Obsolete batteries are in general
replaced by new ones. This strengthens the difference between the disposal-rates. If
the average lifetime was only 2.5 years, which is not unusual (Khan et al. 2012), the
annual disposal rate would be 0.2 resulting in about 400,000 LABs being disposed
in 2012. Due to the high installation rates between 800,000 and 1.2 Million LABs
have to be recycled in 2016.

Estimation of Lead Flows

For estimating the resulting lead flows the average capacity of LAB needs to be
assessed. Grameen Shakti has the highest market share in the SHS-Market of
Bangladesh and Table 12.1 shows their SHS-Specification for off-grid systems. The
Factor (Ah/Watt) varies between 1.1 and 1.6. For the estimation of the total amount
of lead the factor 1.5 was used.
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Table 12.1 SHS-specification of Grameen Shakti (GSHAKTI 2014, own calculations)

System nominal
power (Watt)

Battery
capacity (Ah)

Factor
(Ah/Watt)

Price in
USD

Specific invest.
cost (USD/W)

10 15 1.5 97 9.7

20 30 1.5 178 8.9

30 40 1.3 229 7.6

30 40 1.3 255 8.5

40 44 1.1 332 8.3

50 80 1.6 422 8.4

65 100 1.5 474 7.3

85 130 1.5 579 6.8
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The average system nominal power was in the first round of the Rural Electri-
fication and Renewable Energy Development Project around 50Wp (WB 2013a). In
the second round the average nominal power of a new installed SHS is 35Wp (WB
2014). Due to better LED Technology the solar panels need less nominal power to
provide the same service. By summing up all SHS until 2016, the average nominal
power of a SHS is estimated to be 40Wp. Therefore the average battery capacity for
the estimation is 60Ah. The result of a quick research on alibaba.com on the weight
of LABs with this specification was around 15 kg. The percentage of lead of the
total weight of a LAB varies between 40 and 60 % (ANL 2010; Pavlov 2011). The
estimation is calculated with 50 % lead.

Table 12.2 shows the mass of lead disposed as a function of time for the years
2006 to 2016, based on the estimated disposal of LAB as shown in Fig. 12.2. The
minimum mass of lead represents an annual disposal rate of 0.1 and the maximum
an annual disposal rate of 0.2. In 2012 at least 1,676 metric tons of lead entered the
waste management system due to the SHS-Program. The number could grow to
almost 10,000 metric tons of lead annually depending on the annual disposal rate of
LABs. A market study conducted on the lead acid battery recycling in Bangladesh
stated that the formal recycling sector recovered about 3,400 tons of lead in 2006
annually (Waste Concern 2006). In 2006 the SHS-Program had little impact on the
local battery recycling system. From 2006 to 2012 the amount of estimated lead
already grew by 20 times.

Discussion

The objective of the research was a first estimation of future waste generation due to
the SHS-Program in Bangladesh. Since a comparatively simple model was used and
real distributions of the lifespan of LABs were not available, further research should
be conducted on that topic. The lifespan of LABs is the main driver of the estimated
future waste generation and especially on environmental impacts. Lead losses are
very low during the use phase, but are about 30 % during the recycling phase, even
in the formal recycling sector of Bangladesh (Waste Concern 2009).

In 2005 IDCOL developed a policy guideline on the disposal of warranty expired
batteries. Costumers should be notified three months before the warranty of five
years expires to change their batteries. But, none of the battery recyclers in
Bangladesh collects the batteries with the electrolyte, according to IDCOL “the
electrolyte is poured here and there” (IDCOL 2013). Depending on the number and

Table 12.2 Estimation of the total amount of lead in metric tons depending on the annual disposal
rate

2006 2008 2010 2012 2014 2016

Mass of lead in t (L(p) = 0.1) 81 233 666 1676 3469 6015

Mass of lead in t (L(p) = 0.2) 162 448 1235 3068 6221 9888
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local distribution of the disposal of the electrolytes, toxic-emission to the soil and
water are expected. Furthermore almost 60 % of the SHS-System not having
changed their battery during warranty time stated in a survey, that they plan to sell it
or hand it to a local battery store, if it is not working anymore (Brossmann 2013, 62).

In 2010 the national 3R-Strategy3 of Bangladesh already took into account that
LABs used for solar units will increase the number of LABs entering the waste
management system (DOE 2010). In the same report it is stated, that one of the
biggest battery producer in Bangladesh recently opened a new battery factory with
the capacity for recycling 3,000 tons of lead per year. Nevertheless, for integrating
the estimated LABs into the waste management system several new factories have
to be installed.

Therefore a working collection system needs to be designed, due to significantly
lower lead losses in the regular recycling sector. Since the lifetime of the solar
panels is significantly higher (20 years or more) than the average lifetime of bat-
teries, there is still time left to adapt the waste management system to that need.
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Chapter 13
How to Scale up Green Microfinance?
A Comparative Study of Energy
Lending in Peru

Natalia Realpe Carrillo

Abstract Among the green microfinance initiatives, energy lending still appears to
lack long-term sustainability, and therefore remain difficult to up-scale. In the rollout
of these programs, implementing a two-hand model approach—where microfinance
institutions (MFIs) partner with energy suppliers—becomes a challenge for both
parties. Obstacles entail the access to technical assistance, and the development of
efficient supply chains and profitable business models. In this paper, a comparison of
the energy diversification process—from a pilot phase towards a large commer-
cialization—of the Peruvian MFIs Fondesurco and CMAC Huancayo is presented,
highlighting their experiences, challenges and discusses opportunities to build from
their lessons learned in order to innovate green microfinance.

Keywords Energy lending � Two-hand model � Up-scaling

Introduction

Green microfinance, microfinance services addressing the triple bottom line—
impacting at the economic, social and environmental level, entails a variety of
internal or external actions that MFIs undertake with the common denominator of
environmental preservation. In particular, energy lending aims at enhancing access
to clean energy by offering credit for modern energy technologies. The portfolio
diversification into energy represents an opportunity to extend the market and to
reach vulnerable communities in need of accesses to finance and/or energy.
However, profitable business models have not yet been validated on a large scale.

Energy lending programs worldwide vary in engagement strategies, product
offerings and service delivery models. Parkerson (2005) differentiates three credit
sale forms: the lease purchase model, the dealer credit model ‘one-hand model’ and
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the end-user credit model ‘two-hand model’. While in the first two models one
organization assumes the delivery, financing and maintenance of the systems, in the
two-hand model, through strategic partnerships, the responsibilities between the
MFIs and the energy suppliers are clearly divided. For the initiation of such energy
lending programs, MFIs are rather attracted to develop strategic partnerships with
energy companies, instead of incurring heavy organizational changes or assuming
the entire supply chain of the technologies by themselves (MicroEnergy Interna-
tional and PlaNet Finance 2010).

In such partnerships, MFIs require the motivation and the abilities to channel
capital into loans for energy, as well as a high capacity to assume the largest risk, as
green loans are built upon the linkage between the microfinance and energy sectors
(Rao et al. 2009). Therefore, engaging in these initiatives requires strategic deci-
sions from the MFIs’ management and operational capacities, as well as full support
from the energy companies (Morris et al. 2007). Indeed, given the right stakeholder
constellation, capital, interests, and favorable external conditions, this approach has
potential to succeed.

A comparative analysis of two energy-lending programs implementing a two-
hand model approach is presented in this paper, displaying the variety of challenges
both institutions face in reaching scale. Since 2011, the Peruvian NGO Fondo de
Desarrollo Regional (Fondesurco) and the CMAC Municipal de Ahorro y Crédito,
(CMAC Huancayo) have diversified their portfolio by incorporating energy-lending
among their financial services. Both green microfinance programs have been sup-
ported with financial and specialized technical assistance. Through partnerships
with local energy companies, both MFIs are offering tailored “green loans” in the
south and center of Peru. Driven by their social commitment and their aim to
differentiate themselves from their competitors, after the conclusion of the pilot
projects, Fondesurco and CMAC Huancayo are scaling up at varying paces.

Objectives

Why is it difficult to scale-up? The ability of the MFIs to foresee and tackle market
obstacles is required in order to overcome the challenges of disbursing green loans.
Financially sustainable returns, and institutional and operational capacity to manage
energy programs, both at the head office and branch levels are needed in order to
achieve viable business models (Levaï et al. 2011). Moreover, one of the most
constraining factors for MFIs engaging in green initiatives is the access to technical
expertise and knowledge in order to establish new management and operational
procedures (Allet 2011).

On the other hand, local energy companies have limited access to funding and
technical assistance (Kebir et al. 2013). In particular, challenges entail the set-up of
the distribution networks and the adaptation to a long-lasting relationship with the
client. In order to guarantee a reliable supply of products, the local expansion of
energy services into the working areas of the MFIs requires well-built distribution
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capabilities (Levaï et al. 2011). Given the differences between their infrastructures
and business models, achieving balanced partnerships is crucial to success of this
two-hand model.

The comparative analysis of Fondesurco’s and CMAC Huancayo’s energy
programs aims at understanding, from a practitioners point of view, how to address
these obstacles—e.g. acquiring technical assistance, developing right supply chains
and developing profitable business models for both parties, identify the challenges
involved, and highlight opportunities moving forward to scale-up the two-hand
approach.

Background

In 2010, the Luxembourgish NGO Appui au Développement Autonome (ADA) and
the German consulting company MicroEnergy International (MEI), agreed to
jointly develop and implement a green microfinance pilot, supporting MFIs to
integrate energy services or products into their portfolio. As a first step, a Mic-
roenergy Atlas1 was developed, in which Peru was identified as one of the countries
with the greatest potential. An increasingly competitive microfinance market and a
well-developed market for clean energy technologies made Peru an ideal envi-
ronment to initiate an energy and financial inclusion program. Moreover, the Atlas
highlighted Peru as one of the countries with extended energy needs, potential
energy products and service partners, and a mature microfinance sector (Realpe and
Palomares 2012). Among the shortlisted Peruvian MFIs, Fondesurco and CMAC
Huancayo were finally selected in October 2010. Moreover, the local support of the
project Energy, Development and Life (Energía, Desarrollo y Vida) from the GIZ
(EnDev/GIZ Peru) was identified as local technical partner in order to support
implementation and evaluation of the programs. The role of EnDev/GIZ entailed
the pre-selection and evaluation process of the products and suppliers, monitoring
of the supply chain and support of the technical activities.

Engaging in Green Microfinance

The MFIs’ size, culture, experiences and structures largely differ from each other,
ultimately influencing the energy program development.

Fondesurco, operating in southern Peru, was recognized as one of the most
innovative and customer-oriented MFIs in the sector and was ranked in first
position due to its high motivation to launch a structured large-scale pilot project.

1 A tool to assess the potential of microfinanced modern energy services based on renewable
energy and energy efficiency evaluating the microfinance and energy sectors.
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By 2010, besides serving a rural client base with high-energy needs, Fondesurco
had already experience in financing a solar home system for a household and a solar
thermal system for an eco-tourism hostel, assuming high risks with informal
agreements with suppliers.

The portfolio diversification became an opportunity to attract new and poten-
tially cheap sources of funding (Casal Ribeiro 2012).2 Despite the fact that donor
pressure to achieve financial sustainability might limit MFIs’ ability to innovate and
experiment with new products (Hall et al. 2008), Fondesurco, following its intrinsic
social mission, conducted the energy lending program, and perceived it as a way to
offer a differentiated service in an increasingly competitive market (von Wolff and
Phalpher 2014).

CMAC Huancayo, covering almost one fourth of the country, demonstrated
substantial experience with product loans for hardware products such as housing
appliances and cars valued up to 20,000 USD. Its commercial operations consisted
of contracting a network of suppliers and facilitating purchases from its clients
through product loans. The analysis highlighted the remarkable enthusiasm of the
management, the systematic approach for the introduction of new products and the
sound experience with suppliers. CMAC Huancayo recognized the first-mover
advantage in adopting a triple bottom line approach, while the microfinance sector
tended to prioritize profit-oriented types of portfolio diversification (Lentz 2011).3

Yet, the political embeddings of the MFI at the management level was recognized
as a potential factor that could negatively affect its performance.4

Fondesurco perceived micro-energy lending as a way to fulfill its social mission,
as well as a way to offer a differentiated service in an increasingly competitive
market (Casal Ribeiro 2012; vonWolff and Phalpher 2014).5 Moreover, the portfolio
diversification provided Fondesurco with an opportunity to attract new and poten-
tially cheap sources of funding (Casal Ribeiro 2012). Despite the fact that donor
pressure to achieve financial sustainability leads to a further limitation of the MFI’s
ability to innovate and experiment with new products (Hall et al. 2008), Fondesurco
followed its intrinsic social mission and wagered for micro-energy lending.

2 Through a partnership between ADA and the ULB (Université Libre de Bruxelles), internships
for students of the Master European Microfinance Program at the local MFIs were sponsored.
Pierre Casal was awarded a scholarship from May to July in 2012, supporting Fondesurco in its
initiation of the small commercialization phase.
3 Ibid. Caroline Lentz assisted CMAC Huancayo in the implementation of the pilot project from
May to July 2011.
4 As a public institution, stability of the management positions largely depends on the municipal
elections and political agreements, which influence personnel rotations.
5 In the framework of the partnership between ADA and the Université Libre de Bruxelles (ULB),
internships for students of the Master European Microfinance Program at the local MFIs have been
sponsored for a period of 4–6 months, for their master thesis projects. Pierre Casal was awarded a
scholarship from May to July in 2012, supporting Fondesurco in its initiation of the small com-
mercialization phase.
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Results from Allet (2012) showed that drivers to go green mostly come from
strong leaders in an organization, who are motivated to find the necessary resources
to roll out the initiative. However, MFIs without sufficient commitment to the
environment at the management level tend to identify a trade-off between their
financial and environmental bottom lines. Caja Huancayo’s former Finance and
Administration Manager attended the awareness raising workshops conducted by
ADA and MEI and followed up the selection process until the technical assistance
and co-financing of the pilot project was confirmed. Caja Huancayo recognized the
first-mover advantage in adopting a triple bottom line approach, while the micro-
finance sector tended to prioritize profit-oriented types of portfolio diversification
(Lentz 2011).6

Greening the MFI

A field study conducted in order to assess the energy needs, expenses and habits of
the MFIs’ current and potential clients, identified a potential market for solar
thermal systems (STS) replacing electric heaters, improved cooking ovens (ICO)
reducing in 50 % firewood consumption than traditional ovens, and solar crop
dryers (SCD) substituting traditional methods for coffee drying.7

Technologies were selected based on their potential productive use, aiming to
meet the micro-entrepreneurs’ needs, enabling them to either increase their income
or reduce energy expenses (electricity or firewood, with the solar thermal system
and improved cooking oven respectively) in the long run. Indeed, investments in
modern energy systems by MFI clients and by energy companies can become more
attractive if these are coupled with increased economic productivity (Morris et al.
2007). Furthermore, the increase in productivity in rural areas is expected to result
in economic growth, a rise in rural employment and a reduction in the migration of
the rural poor to urban areas (Cabraal et al. 2005). Specifically, the solar thermal
systems targeted hostels and rural eco-tourism households; the improved cooking
ovens were promoted for restaurants, and the solar crop dryers were selected for
both independent coffee farmers and cooperatives.

Both MFIs enabled access to the technologies through the creation of a specific
green loan with preferential interest rates: Fondenergía (Fondesurco) and Credi-
ecológico (CMAC Huancayo), first offered in few selected pilot branches. Fond-
esurco acknowledged its program as a re-launch of the previous pilot, while CMAC
Huancayo offered its first green credit product. By targeting the BoP, the credit
specifications offered privileged conditions to the customers, not only through
special prices, but also with the provision of guaranteed after-sales services. At first,

6 Ibid. Caroline Lentz assisted Caja Huancayo in the implementation of the pilot project from May
to July 2011.
7 Only for CMAC Huancayo.

13 How to Scale Up Green Microfinance? … 145



the green financial products were offered in few selected pilot branches. Fondesurco
acknowledged its program as a re-launch of the previous one-shot pilot, while Caja
Huancayo offered its first environment-linked credit product. The coordination of
the program was under the umbrella of the Research and Development department
in Fondesurco and of the Credit Department in Caja Huancayo.

Model and Set-up

The energy programs were implemented as two-hand models, fostering energy-
microfinance partnerships, with the guidance and support of the technical assistance
that identified, evaluated and selected the energy service suppliers for each MFI.
Initially, after having validated the technologies with specific product testing,8 one
supplier per technology was considered, establishing a list of prices and procedures
for the piloting regions.

ADA together with MEI supported the MFIs in the elaboration of internal
procedures of the two-hand model. High investment costs in the learning process
were delegated to both MFIs during the set up of the pilot projects. In order to
properly transfer and integrate the methodologies and tools provided by the tech-
nical assistance, the MFIs were advised to create a new position of Energy Tech-
nical Advisor (ETA) in addition to the assigned responsible person of each
Department in charge, aimed at enabling the MFI to manage the supply chains.
Fondesurco hired an ETA after two months, at CMAC Huancayo’s an ETA was
enrolled after more than a year, close to the end of the pilot phase.

The ETA coordinated the credit disbursement process as well as the aftersales
services provided such as customer satisfaction follow-up, programmed visits and
complaints handling, as well as the planning, project monitoring and knowledge
transfer from the technical assistance. The ETA reduced the amount of tasks tra-
ditionally allocated to the suppliers, including the technical assessment of potential
clients, the organization of order placements and the logistics coordination with the
supplier for the delivery/installation of the technology (Lentz 2011; Casal Ribeiro
2012). The extended role of the MFIs in the supply chain management surpassed
the expected responsibilities in a two-hand model approach. The engagement of the
MFIs to assume a larger role in the supply chain was crucial to the functionality of
the programs.

The pilot phase began in June 2011 and concluded in April 2012 for Fondesurco
and September 2012 for CMAC Huancayo, turning into a small-scale commer-
cialization phase. The scaling-up phases aim at including additional branches and

8 Laboratory tests, contracted by EnDev/GIZ, were conducted at the National University of
Engineering of Lima and the University of San Agustín to validate the ICOs and STS, while a
technical study conducted by the National Institute of Agricultural Innovation compared the
performance of the SCD with traditional drying methods.
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new technologies. In this second stage, technical assistance focused particularly on
the supply chain reinforcement and on the selection, evaluation and validation of
new technologies.

Challenges

Energy finance is not a core competence of most MFIs and entry barriers limit MFI
participation in the sector (Levaï et al. 2011). The Peruvian energy market and the
willingness to participate among players have catalyzed innovation in green micro-
finance, despite the relatively high costs and limited revenues for theMFIs. However,
both MFIs faced a series of challenges in the scaling-up process, related to their
structure and their capabilities to innovate and adapt their processes to client needs.

Green Loan Disbursement

Fondesurco. The disbursement of the green loans involves a significant amount of
work for low credit amounts (Casal Ribeiro 2012). Compared to the average loan
size of 1.811 USD, the Fondenergía ranges from 300 to 1,000 USD, with limited
portfolio profitability. The lack of a proper incentive structure hinders the moti-
vation of loan officers to promote the Fondenergía.9 Nevertheless, the value of
differentiation in a competitive market has prevailed and promotional activities have
been widely undertaken.

CMAC Huancayo. Cash sales at the exhibitions affected the motivation of loan
officers to promote the green loans, which focused on the sole add-ons of the credit,
such as the level of after-sales service, the validation process of the technologies
and guarantees offered. This ensures that customers wishing to acquire micro-
energy devices will opt for the Crediecológico rather than financing it through a
traditional credit line (Lentz 2011).

Institutional Commitment

Fondesurco. The integration of energy lending represented a high-risk diversifica-
tion. Given the correlation between the technology and the MFI reputation risk, the
quality of the technologies and of the supply chain play a major role. This institu-
tional awareness motivates the organization to adapt the green loan disbursement in

9 A project evaluation—contracted by ADA—was conducted in 2012 by COPEME, a Peruvian
microfinance network and consultancy company.
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a learning-by-doing process. However, more efficient and systematic processes are
needed in order to scale-up. A further challenge includes the deployment of the clean
energy technologies in the 18 branches, whilst continuing to improve communica-
tion with financial and technical partners (Convergences 2013).

CMAC Huancayo. Despite the incentive structure designed for the loan officers—
initially planned only for senior officers, and offered for the first time for a specific
product at the institution—the awareness raising campaign for loan officers required
as much effort as the one directed for clients. Following the recommendations of the
pilot evaluation,10 the complexity of the loan disbursement has been reduced, and a
systematic calendar of trainings and exhibitions has been established in half of the
agencies selected for the expansion of the program. Nonetheless, the MFI requires
larger commitment at the operational level and better coordination skills from the
energy suppliers.

Supply Chain Design

Fondesurco. Each pilot branch was organizing its own supply chains, conducting
technical assessments of interested clients. Observations from Kebir et al. (2013),
affirm that some MFIs go beyond the financing of products to selling them as well,
contracting local partners to handle the sourcing of parts, installation and servicing
of systems. However, the considerable involvement of Fondesurco might not be
sustainable on a larger scale. A close collaboration with suppliers is needed in order
to manage the complexity of the value chain and to establish sustainable partner-
ships (Casal Ribeiro 2012). Furthermore, Kebir et al. (2013) explain how MFIs tend
to be the only formalized institutions able to lend to the customers of energy SMEs
or small informal local distributors. The functioning of the supply chain has been
stabilized through measures such as Fondesurco’s financing of ICO manufactur-
ers11 and EnDev/GIZ’s technical support to maintain a minimum stock.

CMAC Huancayo. The main challenge regarding STS has been the need for local
installers to support the selling process. Concerning the ICOs, a relatively new
technology in the market, the manufacturers faced serious challenges in the expected
quality of the systems. Moreover, due to the absence of ETA during the pilot phase,
despite the rigid structure and restricted flexibility of CMAC Huancayo, loan officers
had to coordinate the delivery and installation of the devices. Considering that
nascent energy companies are unable to provide sufficient quality (Levaï et al. 2011),

10 COPEME Evaluation (2012).
11 Kebir et al. (2013) explain how MFIs tend to be the only formalized institutions able to lend to
the customers of energy SMEs or small informal local distributors. In this case, being Fondesurco
the financer of the supplier, the risks of its energy portfolio is intensified.
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the ICO manufacturers faced serious challenges in the expected quality of the
systems. Finally, external risk factors, such as the coffee disease “roya”, affected the
business of the SCD and the overall portfolio of this market segment.

Client Response

Fondesurco. Despite the great customer acceptance and satisfaction, and the
excellent performance of the portfolio (zero default rate), energy lending was
uncommon for both the clients and the partner energy enterprises. Hence, major
efforts have been required from the MFI side in order to raise awareness of the
benefits of the technologies.

CMAC Huancayo. Due to a less mature market for STS, larger efforts were needed
for promotional campaigns. Moreover, a change of suppliers of the ICOs was needed
due to quality issues, and the higher price set by the new supplier did not match the
willingness to pay of the customers, requiring further promotional activities.

Empowering Green MFIs

Characterized by sourcing equipment and maintenance services from local
suppliers, two-hand model projects have a strong focus on local market develop-
ment and capacity-building measures, prioritizing productive energy uses to pro-
mote local business activity. Indeed, energy lending enables clients to improve their
profitability by providing better services to their own customers, while also gen-
erating positive social effects such as improved working conditions and improved
hygiene (von Wolff and Phalpher 2014). Through the systematic implementation of
their green microfinance programs, Fondesurco and CMAC Huancayo continue to
adapt their businesses and operational models to their required conditions and
capabilities. Achieving a triple bottom line allows them to stand out in a compet-
itive microfinance environment, and at the same time, contribute to the mitigation
of climate change effects. This case study is limited to the specificities of the
support provided by the financial and technical assistance to both MFIs. Further
research on two-hand models underlying the role of energy partners shall be
conducted to counterbalance these results.

The outcome of this study identifies the following ways forward towards a suc-
cessful scale-up for policy makers and practitioners in the field of green microfinance.

• External support for MFIs and Energy Partners
Considering the costs and the risks entailed in the experimentation of new
business models, the necessity of external support to launch green microfinance
programs is apparent, at least in the start-up phase. The financial assistance from
ADA since 2010 and REEEP in 2013, as well as the technical assistance from
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ADA, MEI and EnDev/GIZ, have been essential for the MFIs from the pilot
until the small-commercialization phase, in the implementation of the scale-up
structures, particularly in the reinforcement of the supply chain, the validation of
new suppliers for the existing products and the inclusion of new technologies in
their portfolios. Furthermore, a special follow-up of the energy partner on its
growing business solidifies not only the emerging energy market, but also paves
the way for the success of the green microfinance businesses.

• Consolidation of green programs within MFI internal structure and governance
Formalized internal structures facilitate decision-making processes, a strict
execution and monitoring of project plans. This allows, on the one hand, the
internalization of the know-how transferred from the technical assistance and the
building of internal capabilities, and on the other hand, the ownership to react
with strategic decisions in the business development. The ETAs enrolled at
Fondesurco have been promoted within the institution, strengthening the role of
the R&D department in the green activities. This shows how Fondesurco has
been able to capitalize on the established structure of the green program. At
CMAC Huancayo, the only ETA enrolled since 2012, despite several changes of
champions, has gradually assumed further responsibilities for the coordination
of the energy program. Within its internal structures, CMAC Huancayo adapted
its financial product to ‘credit destination’, allowing loan flexibility to access
energy technologies, as well as getting a lower interest rate depending on the
chosen and fit loan category.

• Capacity building and empowerment process
In the transition towards large-scale commercialization, the technical assistance
shall focus on capacity building and the ‘autonomy’ process for both MFIs. This
entails support in introducing new technologies and providing the necessary
technical tools to develop the respective business plans, assess energy needs and
market size, and design efficient supply chains. Furthermore, the MFIs shall be
supported to enable them to design and implement their tailored energy busi-
ness. This support includes assessing their capabilities and business opportu-
nities to develop separate energy business lines or enhance win-win business
models with selected suppliers through profitable operational structures.
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Chapter 14
Microfinancing Decentralized Solar
Energy Systems in India: Innovative
Products Through Group Approach

Satish Pillarisetti

Abstract The apex development bank in India-NABARD (National Bank for
Agriculture and Rural Development) first facilitated the microfinancing scheme for
solar home lighting system by rural banks. This turned out to be a success and the
government introduced a subsidy linked bank credit programme to upscale and
mainstream the programme. Initially the programme met with only a limited
success as it had too many loose ends. Later, with a number of modifications, the
program gradually took off and is now making steady progress. However,
NABARD realized that there are many areas and communities which may not be
able to benefit by this scheme and may need a different financial product. NABARD
developed group based products for such communities. These products are based on
a partnership with NGOs, and at times involving retail banks. NABARD utilised
the funding available under the rural innovations fund and the umbrella programme
for natural resource management to support these innovative products. First product
was for lighting girls’ hostels and the second was for financing solar micro grids
through community participation. Both these products were implemented in the
Sunderbans region of West Bengal state in joint liability group mode and combined
the elements of loan and grant. The products were designed and rolled out with the
combined involvement of NABARD and an NGO-Mlinda Foundation. The third
product was in collaboration with another NGO-ASSEFA in the states of Bihar and
Jharkhand. This product was through the self help group mode. In respect of this
product the end users were dissatisfied with the product and the NGO had to modify
it to suit the needs of the users. The modified product was accepted by the users and
was rolled out to their satisfaction. The successful take off of three such products
and failure of one product to take off and its subsequent modification are discussed
here. This paper uses the sectoral innovation systems (SIS) to analyze as to how
successful new products and processes emerge from a favorable combination of
technologies, knowledge, institutions, networks and actors.
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Self-help groups

Introduction and Background

Worldwide it is estimated that 2.6 billion people in rural areas do not have electricity
(Terrado et al. 2008). A large proportion of these people live in India. To address this
problem of access to energy, one of the missions started by the government of India
was the Jawaharlal Nehru national solar mission (JNNSM). The mission envisages
deploying 20,000 MW of solar power by 2022 of which 2000 MWwould be through
off-grid applications. A major part of the off-grid applications would be through
solar lighting and heating systems supported by bank finance. Modeled on the
initiative taken by a regional rural bank in northern India and facilitated by the apex
bank for agriculture and rural development-the national bank for agriculture and
rural development (NABARD), the government launched a capital subsidy-cum-
refinance scheme for installation of solar off-grid (photo-voltaic and thermal) and
decentralized applications. The scheme had undergone several changes to improve
its implementation which included changes in the pattern of subsidy, financing
modalities etc. Later the central bank of the country—Reserve Bank of India was
persuaded to include financing of solar home lightning systems also as a part of
priority sector advances. Further on the suggestion of NABARD, the government
has accepted the proposal to include cooperative banks also in the scheme. The main
product in focus has been the solar home lighting system. Though further action is
needed in terms of training and sensitizing the bankers as well as users to upscale it,
the programme is now set to take off on an even keel, with nearly 200,000 units
financed by banks so far, and a large number in the pipeline.

Literature Review

While there is extensive literature on microfinance per se, literature dealing with
microfinance for energy and more specifically for renewable energy is limited. A
few of the writings on the subject are discussed here. Rao et al. propose an energy
microfinance framework that caters to the energy (lighting and cooking) needs of
low-income household population by engaging a microfinance institution. The
model/framework proposed encompasses two independent entities. One has an
energy expertise (non-profit organization) and the other possesses finance man-
agement skills (microfinance institution). The funds from a larger corpus or an
individual flow to a smaller microfinance institution (MFI) and/or self-help group
committee. The primary responsibility of the MFI is to supply credit to its members
and/or enterprise identified by the non-profit. The non-profit organization identifies
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the energy service company which is responsible for designing, installing and
servicing the clean energy technology products. It also identifies the entrepreneur
among the member beneficiaries and trains him/her in daily energy services and
maintenance of the system. The member-beneficiaries are the existing clients of the
MFI. They are offered ‘energy’ loans by the MFI to obtain reliable, renewable and
energy efficient lighting and cooking technologies. The non-profit and the MFI/
SHG network can be treated as a single entity or two independent organizations
under one large entity (Rao et al. 2009).

A briefing note of the foundation for development cooperation (FDC) states that
it has been widely recognized that public sector provision of centralized energy is
insufficient to meet the growing demands of developing countries, and that private
sector involvement is a necessity. This is also reflected in the microfinance for
energy lending sector. As a consequence, understanding, identifying and realizing
the economic opportunities of modern energy systems for low income clients is
essential for attracting financing for energy lending. MFIs must demonstrate that the
cost of energy systems can be recovered through end-user payments, and conse-
quently attract private sector investments in energy enterprises. Energy lending by
MFIs is in formative stages. In order for it to become a mainstream product within
the microfinance industry, MFIs and their energy industry partners must continue to
identify and implement least-cost technologies that adds value for clients. At the
same time, gaps in financing models specific to energy sector must be identified and
mechanisms established to address them (Bedson 2007).

Kapadia and Hande are of the view that meeting the needs of the energy con-
sumers calls for partnerships between energy service providers and microfinance
agencies. Energy service providers can greatly increase access to poor and/or rural
consumers if these consumers could also access credit facilities. Microfinance
agencies could greatly increase the reach of their financial services, and augment
the economic development opportunities they enable, by lending for energy.
Although lending for energy service is not widespread, the experience has con-
sistently been that once people gain access to modern energy, they are determined
to keep that access, and are, for the most part, responsible borrowers. Lending for
energy services can also open up new markets for microfinance agencies that have
little to do with energy (Kapadia and Hande 2004).

A study on energy access in South Asia emphasizes that micro-lending for
energy consumers opens up great potential for MFIs to expand business beyond
their existing client base. However, proficiency in energy technology and interac-
tions with energy sector players are fundamental elements for designing effective
energy lending programs with good loan portfolio quality. The global initiatives to
utilize micro-lending for small scale, decentralized or individual energy products as
strategic means of expanding access to modern energy services also provide
opportunities for energy market players to tap into a critical customer base. The four
MFIs in the study show that initiatives to foster development of micro-lending for
energy consumers can come from any stakeholder as long as collaborations with
other key stakeholders are established (SEEP 2007).
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Microfinance can facilitate both the ‘push’ and ‘pull’ of renewable energy tech-
nologies in developing country markets. It can enable a push mechanism by financing
installation costs of renewable energy technologies, as well as generate a pull
mechanism by financing energy distribution to consumers and industry. Microfi-
nance has also the potential to expand renewable energy distribution by making the
energy systems more affordable. MFIs are well positioned to do so because they are
able to offer flexible loans and structure their lending schemes and financial products
in accordance with the needs of the poor. They are able to tie loan repayment rates to
seasonal energy needs, or seasonal variations in rural household and industry income.
Innovative partnerships have already emerged between renewable energy generators
and MFIs to support distribution to rural populations (Mohiuddin 2006).

The fact sheet of Micro Energy International and PlaNet Finance, Deutschland is
of the view that there exist ways to effectively combine microfinance with
renewable energies, especially in rural areas where access to energy remains lim-
ited. Out of about 10,000 MFIs serving worldwide more than 155 million clients,
30–40 MFIs today offer energy loans. Each of these MFIs has its own strategy, but
their three main objectives are: to finance the access to energy and to renewable
energies for micro and small enterprises (MSEs) and low-income households
through adapted financial services; to enhance the productivity and the business
opportunities of MSEs through energy efficient solutions; to raise awareness among
MSEs and low income populations, especially in rural areas, on the opportunities
offered by renewable energies. Although a few MFIs have been successful, most of
them are still in the learning phase and face important challenges on extending
energy loans (Micro Energy International and PlaNet Finance, Deutschland 2010).

The role of the Alternate Energy Promotion Centre (AEPC) in developing the
renewable energy technologies (RET) sector in Nepal and the opportunities for
MFIs to become key players in financing this sector is discussed by Wegstein. MFIs
play a role by lending to households for installation of biogas plants and solar home
lighting systems. Entering this sector helps the institutions increase their business
volume, organizational growth, outreach, sustainability and profit. If demand for
RET exceeds the financial capacity of an MFI, AEPC steps into create MFIs’
partnerships with commercial banks. It also arranges to provide training and
capacity building for MFIs in financing RET (Wegstein 2010).

The financing models discussed in this paper are novel and innovative, and have
evolved based on the grassroots level needs as expressed by the users. Documen-
tation of such models, combined with a theoretical framework, provides us with
insights on the methods to be used to overcome field level issues. The analysis and
documentation of innovative financing models for micro energy systems introduced
in India in the present paper strengthens the literature on microfinance for renew-
able energy, specifically in the rural and decentralized contexts, as the existing
literature has few references to group based products implemented in a combined
manner by financial and non-financial institutions.
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Methodology

As the focus of this paper is on renewable energy systems the concept of sectoral
innovation systems (SIS) is a relevant and appealing framework. SIS has been
described as a set of new and established products for specific uses and the set of
agents carrying out market and non-market interactions for the creation, production
and sale of these products (Malerba 2002). It is a framework that helps in analyzing
complex dynamics, because it takes into account multiple actors, policy makers and
institutions at different levels (Al-Saleh 2010). The main structural elements of SIS
are: knowledge and technologies, actors (i.e. firms and other organizations) and
networks, as well as institutions (e.g. standards, laws and regulations). Thus in
order to understand the dynamics and the innovation processes of a given sector,
one needs to give due consideration to these five key elements. By focusing on
these key characteristics of a sector, one might be able to unfold the ‘dominant
design’, ‘paradigm’, and the ‘trajectory’ of that sector. SIS is a theoretically rich
concept because it presents a rather well articulated, multi-dimensional, integrated,
dynamic and systemic view of innovation in globalized sectors; as such it could
provide a framework for the understanding and analysis of a sector as well as
allowing comparative analysis across range of sectors (Malerba 2005).

This framework is used to analyze the innovations introduced by NABARD. In
the presented case studies, technologies were a given element, while the actors i.e.
NGOs were playing an isolated role. The networks were basically at various levels
connecting different players to facilitate their interaction, some of these set up for-
mally by governments and regulators and others are informal understandings. NA-
BARD is a part of the building block of both ‘knowledge’ and ‘institutions’ as it
leverages its knowledge of innovative product development as well as standards,
laws and regulations. In the case studies discussed, the framework of SIS was thus
used to analyze the parts played by the users (borrowers), the NGOs, the banks, the
technology providers and NABARD in evolving a new product at each stage to
overcome some glitch thrown up during the course of implementing the programme.

When an existing or progressing arrangement encounters problems in imple-
mentation a set of innovative systems have to be brought in. While the solar home
lighting scheme was picking up steady progress, NABARD was receiving constant
feedback from NGOs and other field based organizations and its own district level
officials that there are a large number of communities and groups which would not
be in a position to make of use of this scheme and would require a special dis-
pensation. NABARD utilized two funding arrangements available with it to inno-
vate products for group based financing. The implementation of these new products
was studied on the basis of secondary data and progress reports received at
NABARD from implementing agencies (NABARD 2013). The basic research
questions which this paper attempts to address are the need for a group approach to
financing, the necessary conditions for a group approach to be successful and the
reasons for clients preferring one type of group approach to another. The criteria on
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which the success of these projects is measured are complete utilization of the loan
amounts, installation of the systems and the regular repayment of the dues as per the
schedule fixed.

Discussion and Results

The rural innovations fund (RIF) was a fund created in NABARD with the support
of the Swiss agency for development and cooperation (SDC) and was being used to
support innovations in rural areas through grant, loan or soft loan. The Umbrella
Programme on Natural Resource Management (UPNRM) is a programme of
NABARD launched with the funding support of KfW, the German development
bank. This programme supports any type of activity which contributes to the
conservation of natural resources. Innovative schemes for financing solar lighting
systems were launched through joint liability groups (JLGs) in the inaccessible
estuarine islands of Sunderbans in West Bengal state and through self help groups
(SHGs) in the remote tribal communities of Jharkhand and Bihar states, utilizing the
funds available under RIF and UPNRM.

1. West Bengal Regional Office of NABARD has covered new ground by financing
joint liability groups (JLGs) for solar electrification of school hostels in the
remote Patharpratima block which falls in the off grid region of Sunderbans area
in the South 24 Paraganas district in the year 2012–2013. As this region is in the
estuarine area of the Ganges River, many island areas are cut off from the grid.
Grid solutions require a minimum threshold level of electricity demand and
certain level densities to achieve the economies of scale (Sorensen 2004). The
villages did not have electricity connection and the girl students/hostellers of the
schools, majority of them belonging to backward strata of the community, pur-
sued their studies using kerosene lamps. The families of the hostellers made a
contribution of Rs. 2 per day for use of kerosene lamps. A local NGO working in
the region in the area of clean environment-Mlinda Foundation motivated the
school hostel committee to replace the kerosene lamps with solar LED lights.
However the foundation realized that none of the existing schemes could finance
such an activity. This predicament of the NGO came to the notice of NABARD’s
district level official. After several rounds of exchange of views and discussions
between the NGO, parents and NABARD officials at various levels, the con-
clusion was that a group approach could work and the financing could be done
through joint liability groups (JLGs). A joint liability group (JLG) is an informal
group comprising of 4–10 individuals coming together for the purpose of
availing bank loan either singly or through the group mechanism against mutual
guarantee. JLG is primarily intended to be a credit group, but group savings may
be an optional activity. The quantum of credit need not be linked to savings and
no collaterals need be insisted upon by banks against their loans to JLGs. JLGs
are formed by facilitators like NGOs or other individual rural volunteers.
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The Mlinda Foundation organized the committee members involved in running
the school hostels into JLGs. These JLGs then approached NABARD for
support for providing solar lights in the school hostels under the RIF. This
innovative project was sanctioned to three JLGs of parents and school teachers.
The three JLGs covered a total of 172 hostel children and a total of 157 solar
powered LED lamps were installed. The total financial cost of the installation in
the three hostels was Rs. 581,128 of which 50 % was loan and 30 % was grant
under RIF from NABARD and 10 % each was the contribution of Mlinda
Foundation and the JLGs themselves. With the help of this financial assistance
the kerosene lamps being used by school children for studies during evening
hours were replaced with solar lights. The lights have been installed with the
condition of repayment of loan through contribution from the school children.
The responsibility of maintenance of solar lighting system as well as collection
and repayment of loan assistance lies with the respective JLGs.
The project is being implemented successfully at ground level in association
with the NGO and the loan repayment has already started coming in from the
JLGs. For the timely repayment of loan assistance, the JLGs opened their bank
account in a nearby bank branch. They used this account to deposit the monthly
collection from the school students. The per monthly collection from students
was decided on the basis of the number of students and the capacity of solar
panel installed for electrification. The total number of students covered under
these project in the 3 JLGs was 172 and the per LED unit collection per day
from the students was Rs. 2.00 in two JLGs and Rs. 3.00 in another JLG. This
was the amount the students were paying to the school hostel authorities for
provision of kerosene lamps. Per student per month collection for repayment
was related to the number of units installed in each of the hostels. It was Rs. 62
in one hostel, Rs. 129 in the second and Rs. 106 in the last one. The loan
repayment fixed was 2 years for two JLGs and 5 years for one JLG. The project
is expected to improve the health of the girls residing in the hostels, reduce
absenteeism and provide better environment for students and also save the
environment from carbon dioxide generated from the kerosene lit lanterns.

2. In the same region of Sunderbans another project focused on household solar
micro grids through cluster mode of JLGs. To address this problem of non-
availability of electricity, solar micro grids were financed through community
participation in association with the NGO, Mlinda Foundation. The project
aimed at replacement of the use of kerosene for lighting purpose by solar
energy. The repayment of loan was to be made from savings accrued from non-
usage of kerosene for domestic lighting. The business model involved adoption
of solar system by community in a financially sustainable manner with huge
potential for replication across the rural geographies. This model was adopted as
depending on the technology employed, energy can be provided on a household
basis as with solar home systems or on the level of villages and communities
(Saghir 2005). Adoption of JLG model in the project aims to incorporate the
element of both individual and collective ownership and accountability and also
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reduction of risk of non-repayment of default. The loan cum grant assistance of
Rs. 71,500 was sanctioned to 13 JLGs for installation of solar panels in 13 micro
cluster units comprising 7–10 households to provide 3 LED lights points and
one mobile charging point to each household of the cluster. The loan component
was Rs. 36,000 and grant component was Rs. 35,500. Both the loan and grant
support for the project was sourced from the RIF of NABARD. The total loan
component for 13 JLGs was Rs. 468,000 and grant component was Rs. 461,500.
Mlinda Foundation spent Rs. 8000 per JLG for formation and nurturing.
The repayment of loan was to be through monthly collection of savings from the
non-usage of kerosene by JLG members for lighting purposes. The repayment
period was fixed for 4 years. The JLG members proposed to save an additional
amount for replacement of battery and maintenance of solar panel. The main-
tenance of the panels would be the responsibility of each of the JLGs. The project
is based on the concept of innovative business model in which end users are
enabled for payment of energy services through utilization of amount presently
spent on the purchase of kerosene for home lighting purpose. The element of both
individual and collective ownership and accountability is inherent in the JLG
model and the risk of non-repayment and default is greatly reduced.

3. NABARD is currently implementing the Umbrella Programme on Natural
Resource Management (URNRM) supported by the German development bank
KfW. The programme finances a wide range of activities which encourage the
sustainable use of natural resources. Financing of a variety of renewable energy
projects was taken up under this programme. One such project taken up by
NABARD in 2010–2011 is situated in Jamui, Chakai and Khaira blocks of
Jamui district of Bihar state and Deoghar district of Jharkhand state. The project
area is rich in natural resources, but inhabited by poor and marginalized tribal
communities. Livelihoods are based on subsistence farming and forest produce.
Energy consumption is based on firewood from forest. For the lighting of the
homes communities are solely dependent on kerosene lamps. In these com-
munities the solar lanterns alternative was proposed as these communities are
extremely backward and would not be able to maintain even if the lower end of
solar home lighting systems are financed and supplied. As the capital cost of
solar home lighting system depended on the size, site and technology of the PV
system components (Patel 2006) the model propagated under lighting a billion
lives (LaBL) programme of The Energy Resources Institute (TERI), New Delhi
was adopted. The project was taken up for implementation by a well-known
NGO-Association of Sarva Sewa Farms (ASSEFA). TERI, based on its wide
expertise and rich on-field experience in energy sector, has initiated the (LaBL)
scheme with the mission of enabling a billion lives to access light from solar
technologies. The major players in the LaBL scheme are TERI, who has the
technology; LaBL Associate who is interested in promoting clean lighting (in
the present case, ASSEFA) and LaBL Franchisee (the identified SHGs who will
run the units) who will be authorized to set up and manage the solar lantern
charging stations.
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LaBL model operates on fee-for-service or rental model where centralized solar
lantern charging stations (SLCS) are set-up in villages for charging the solar
lanterns and providing the lanterns daily on rent to households and enterprises.
A typical SLCS consists of 50 solar lanterns with 5 solar panels and junction
boxes. The solar lantern will provide light for 5–6 h daily using LED lamps on
full charge of the battery providing light equivalent of a 40 W incandescent
bulb. If operated on dimming option, it will work for 8 h. The SLCS will be
operated and managed by entrepreneurs and are provided hand holding support
by LaBL Associate (in this case, ASSEFA). Rent collected by the LaBL fran-
chisee will be used for operation and management of the charging station and a
part of the rent will be kept apart for replacement of battery after 18–24 months
of operation. TERI provides the requisite training support to both the LaBL
Associate and entrepreneurs.
Under this project, 40 charging stations were to be set up across these districts
and per charging station 50 solar lamps can be charged. Thus a total of 2000
families are covered through this project. The cost per charging station was
estimated at Rs. 175,000 and the total cost for 40 stations was at Rs. 7 millions.
Additionally a grant component of Rs. 0.86 million was envisaged for accom-
panying measures of training and skill building. The contribution by participants
was Rs. 0.48 millions. The loan and grant were both advanced by NABARD
under the UPNRM programme. In each block one project coordinator was
appointed to oversee the project activities. The project activities were to be
implemented and monitored through women self help groups which have been
promoted by ASSEFA in the identified villages. Each charging station would be
under the supervision of SHGs and the loans for all members are overseen by
the SHG which also maintains a regular record of repayment of loan by
members as well as the servicing and maintenance of the charging station. From
each SHG, 1–2 women are identified for implementing the project and made
responsible for the implementation.
The outcome of the project was to install sufficient lighting in evening and night
hours, empowering the women in handling innovative technology, reduce health
hazards by preventing in-house pollution, lessen the cost of consumption on
kerosene and to provide congenial environment for students and workers to
pursue their studies and occupations during the night. Last but not the least, the
solar lamps are portable and ensure safety from fire hazards.
However the project did not proceed as planned. ASSEFA has indicated certain
issues faced by them during implementation of the project, viz. the project did
not gain popularity among the beneficiaries due to low illumination of the lamps
and need for regular visits to charging stations. Community was not managing
the asset properly—there was no belongingness and ownership and the main-
tenance was poor. Each charging station was to be looked after by 3 SHGs
covering 50 members. This led to diffusion of belongingness and owner-
ship. The villagers were preferring CFL solar lantern with individual charging
panel. In view of this, ASSEFA has proposed to introduce CFL solar lantern
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with individual charging panel model in place of LED type solar charging model
(LaBL model). ASSEFA has also indicated that the change of activity is pos-
sible within the budgeted unit cost approved in the sanctioned UPNRM project.
ASSEFA has already covered 250 beneficiaries with LED type solar charging
station and CFL lamps will be distributed to the remaining 1750 participants.
Thus, the initially envisaged 2000 number of participants will be covered.
The per unit cost of CFL lantern with panel is Rs. 2550 compared to LED type
(Rs. 3500). So the total loan requirement would be Rs. 4.46 million as against the
balance available at Rs. 5.78 million. ASSEFA proposed to utilise the entire grant
assistance sanctioned for training the remaining 1750 participants. The physical
units covered will be—250 participants under LED charging station mode and
the remaining 1750 participants to be assisted for CFL lanterns with individual
solar panels. The total UPRNM loan was revised to Rs. 5.34 million. Considering
that the coverage of participants has remained the same, the total grant assistance
for accompanying measures sanctioned to ASSEFA remains at Rs. 0.86 million.
In the modified project also the loan administration, monitoring and recovery is
to be through self help groups. The maintenance work is also to be overseen by
the SHGs.
This project of solar home lighting through CFL lantern with individual
charging panel has found a wider acceptance than LED lantern with a link to
charging station in the remote areas of these backward states, as these are direct
replicas of the kerosene lanterns hitherto being used.

Conclusions

The above analysis of the innovative financial products introduced in India for solar
lighting systems indicates a favorable combination of all segments as indicated in
the SIS theory-technologies, knowledge, institutions actors and networks. The
paper underlines the fact that successful product evolution has emerged from a
combination of all these factors in all the case studies. The lessons from these
projects can be evaluated only on the basis of MIS being received for both these
programme, as there is no other data source. The data received indicates that 93 %
of the units financed are in working condition. In both the JLG projects of West
Bengal the entire loan amount has been utilized and all the units have been
installed. By the time of the study 10 monthly installments of school hostel JLG
project and 8 monthly installments of solar micro grid JLG project were due and all
these installments were fully paid (NABARD 2013). Thus all the loans advanced
are being serviced regularly in terms both principal and interest, and there are no
defaults. These two parameters are sufficient to underscore the fact of the success of
these innovative group based finance products.
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To achieve success in financing this scheme a multi-pronged involvement is
required from the side of all stakeholders. The scheme can be grounded only with a
public-private partnership where a partner organization takes a major share of
motivating and convincing people to ensure their participation. The group based
financing in West Bengal was successful because, firstly the groups themselves had
a common aim of educating their girl children and secondly because the NGO
expended considerable energy in building up of the social capital in terms of
nurturing and capacity building. Similar social mobilization has taken place in the
other project of micro-grids through JLG approach.

The two JLG based projects in West Bengal demonstrate effective community
participation for seeking clean environment and also opened avenues for banks for
providing loan to JLGs for non-agricultural purposes. These projects proved helpful
in the development of sustainable business models for solar lighting system and
showcasing the same to mainstream banks for providing bank finance.

Another measure of success of these pilots is the fact that the lead bank of the
area, United Bank of India has adopted the same model for financing solar lighting
systems in the off-grid areas through JLGs. The main attraction for a mainstream
bank was the cent percent loan recovery which was taking place in this project.

Though there was a mid-project change in the product in case of Bihar-Jhark-
hand project, there too all the units planned for under the project were installed. The
mid-course correction in the Bihar-Jharkhand project reflects a poor pre-project
community mobilization as well as neglect of peoples’ participation aspect by the
NGO. This indicates that either before or during the project formulation phase the
NGO has not involved the people and elicited their views. The project was thought
out for the people by the NGO and its personnel, not by the people themselves. This
is an error which many peoples’ organizations commit in their over enthusiasm of
knowing everything the people require. But to its credit the NGO ASSEFA realized
its mistake when the project clientele brought the problems to it, reconfigured the
project and switched over to the model desired by the people.

Further this project reveals to how the people are prepared to work in a group for
using and servicing the financing product but are not willing to do so for the
physical product. This is a reflection of deeply ingrained social mobilization issues
and a clear indication as to why in certain objective conditions only certain group
based activities work.

Despite the mid-course product change in this project, on one measure of suc-
cess-loan repayment-it has not faltered. As at the time of the study, 14 loan
installments were due and all were repaid fully and in time (NABARD 2013).

The Bihar-Jharkhand project provided the targeted community an alternate
source of energy for lighting purposes on a sustainable basis. The benefits out of the
project implementation were better living conditions on account of sanitation,
hygiene and health. Kerosene, a non-renewable source of energy is becoming
costlier and is going out of the access of the poor and marginalized community.
Further, the use of kerosene also has adverse health effects due to the smoke
emissions. Solar lighting is providing an environment/health friendly and cost
effective lighting to the poor villagers and uninterrupted study hours for school/
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college going children. The project has also increased livelihood opportunities-
increase in working hours for the household wage earners—the poor are mainly
engaged in bidi (country cigarette) rolling, handicraft works, tassar (a type of silk)
reeling, etc. In Deogarh district, it is reported that an additional earning of
Rs. 15,000 was made by an SHG of weavers (12 members) within a span of
9 months through increased working hours of weaving activity. In Jamui district,
the income of the women who are engaged in livelihood activities such as bidi
rolling, handicraft works etc. has increased by 30 %. Drudgery reduction and health
benefits were also reported (NABARD 2013).

The group based projects affirm to the reality that for large sections of the
population at the lower end of economic strata installation and maintenance of solar
home lighting systems is not a convenient option due to the time and efforts
required for that. In group based projects that responsibility is pooled and handled
by a trained and active member of the community.

Another measure of success of these projects is that they disprove the conventional
theories that the poor require subsidized loans and subsidized interest rates. In all the
projects though a possibility of subsidy availability from the government was there
the beneficiaries went ahead with the projects without waiting for the subsidies from
the government. In the West Bengal project the interest rates on the loan was at 12 %
and in Bihar-Jharkhand project the rate charged was 13 %. Both these interest rates
were market rates and were well above the average base rates charged by commercial
banks. This implies that it is a potential bankable activity for bank credit on com-
mercial terms and market related rates. If banks are not able to look at this opportunity
and expand their business with rural clientele one has to doubt their business sense.

The major strength of the project which is derived from the role of NABARD is
its ability to bring a variety of partners into the project and enlist their commitment
and participation. NABARD is also able to leverage its soft loan and grant support
for capacity building of all participants. At the same time NABARD’s facilitation
gives rise to expectations of subsidizing funding and a longer haul towards main-
stream commercial financing of such projects. Balancing maximum private sector
participation with minimal subsidies is a main challenge for new rural service
delivery mechanism (Reiche et al. 2000).

However based upon the reasonable levels of success which these projects were
able to achieve, NABARD should bring on board all banking institutions, espe-
cially regional rural banks and cooperative banks to introduce such group based
financing schemes in their institutions to mainstream and upscale the financing of
such variants of solar lighting systems. There is a vast untapped potential in rural
India for these projects irrespective of grid connectivity as even in areas connected
with grid, the power supply is highly erratic with regular shutdowns and outages.

The major recommendation which emanates from this paper is with regard to the
combination of elements in designing a microfinance energy product in group
mode. These elements are the facilitating institution, the financial institution-both
for loan and grant, the end users and the environment-socio-political and economic.
The manner in which each one of these elements has to play its role is clearly
discernable from the case studies.
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Further Research Demands

This paper studies the manner in which the projects were conceived, the innovative
features of the projects and the early results of their implementation, based on the
project reports, monthly progress reports and available MIS. As such it is a study
based on primary and secondary data available at various institutions but not on the
basis of information collected from actual users or clients. Therefore it requires a
further rigorous analysis based on comprehensive data sets. The outcome of these
projects has to be studied in a more comprehensive manner after a reasonable time
frame of 2–3 years.

The mid-project product change in one of the projects could be an interesting
issue for research on the intricacies of community mobilization. The objective
reasons for success could be documented in detail.

Client satisfaction with the products, the benefits of the scheme and the cost
benefit analysis, with a wide-ranging sample, should be studied at a later date. It
would also be worthwhile for the technical aspects of the installed systems to be
studied for their performance and utility after a period of, say, 3–5 years.

Notes

1. The currency used in the paper is Indian Rupee with the notation Rs. The
exchange rate in the period 2010–2011 to 2012–2013 ranged from Rs. 52 to Rs.
60 per 1 US$.

2. The data and information used in the paper are based on the project proposals
submitted by the NGOs, sanction letters issued to NGOs by NABARD, MIS
from the NGOs, Annual reports of NGOs-Mlinda Foundation and ASSEFA and
annual reports of the national bank for agriculture and rural development for the
years 2010–2011, 2011–2012 and 2012–2013.

3. Inputs from my colleagues C.S.R. Murthy and Kaushal Kishore in preparation
of this paper are gratefully acknowledged.

4. The scholarship provided by Appui au Developpement Autonome (ADA),
Luxembourg enabled the author to participate and present this paper at the
International Symposium ‘Innovating Energy access for Remote Areas: Dis-
covering Untapped Resources’, organized by Berkeley Rural Energy Group and
Berlin Technical University at University of California at Berkeley, USA.
ADA’s financial support is gratefully acknowledged.
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Chapter 15
Innovative Energy Access for Remote
Areas: “The LUAV-Light up a Village”
Project

Izael P. Da Silva, Eliza Hogan, Benard Kalyango, Anne Kayiwa,
Geoffrey Ronoh and Clint A. Ouma

Abstract The Light-up a village (LUAV) program is a rural development initiative
designed to improve access to modern energy solutions in remote areas of devel-
oping countries. The initiative addresses the challenge of Pico PV market pene-
tration by empowering rural communities to actively participate in lighting up their
own villages using micro-solar systems. The LUAV business model was designed
by an energy company, Barefoot Power (BFP), which began the LUAV field in
2012 in Uganda. The program incorporates local SACCOs and Community Based
Organizations (CBO) as well as local governmental bodies in the identification and
recruitment of participants. A LUAV program is designed to involve at least 100
households per community by providing each home with its own power generation
solar system to run lighting and mobile device charging services. The participating
households are given the option to either pay for the micro solar power system
upfront or to pay for it in 3–12 monthly installments. For this pilot program, BFP
sourced for funding from private investors to operate a revolving fund which is
managed the SACCOs and CBOs who have the mandate to manage debt recovery
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and keep the revolving fund active. Through this business model, 18 LUAV
projects were implemented in Uganda during the 18 month trial period providing
lighting and mobile charging services to 3,000 plus households. The program’s
success has a growing interest and plans are underway to replicate it in South
Sudan, Rwanda and Kenya in 2014. According to the latest count more than 7,000
households have adopted the micro-system through LUAV.

Keywords Micro-Solar systems � Rural village electrification � Revolving fund

Introduction

In East Africa, the majority of the rural population (80–90 %) (Asamoah 2013) has
no access to electricity. People light their homes with kerosene or candles, which
produce inefficient light quality with poor illumination levels of about 1–10 % the
recommended levels; in addition, these light sources pose several health risks to
the user such as burns, respiratory ailments and blurry vision among others
(Mills 2012).

Furthermore, it was found that the fuel based lighting systems are an expensive
source of light (Miller et al. 2013) with some studies reporting savings of up to
400 % in households that completely replace their kerosene lamps with solar lan-
terns (GIZ 2010). Finally, in most rural communities, the people have no means to
charge their mobile phones other than through central charging stations, which
charge high prices and are often located far from their homes. Introduction of the
solar lighting systems with phone charging options not only reduces the user’s costs
but provides an income generation avenue by charging the neighbors to use the
service which was the case with about 70 % of the users in a study carried out in
Uganda (GIZ 2010).

Solutions for these energy related problems have emerged in recent years. Solar
powered LED home lighting and phone charging equipment is available throughout
East Africa although rural penetration is about 4 % (Lighting Africa 2012). These
products provide a safer, more cost effective alternative for rural communities over
the typical energy sources mentioned above. However, there are three main chal-
lenges limiting the accessibility and uptake of these energy solutions by rural
off-grid communities;

• Affordability: The modern energy products have high upfront costs.
• Consumer Awareness: Lack of trust and knowledge about the benefits of good

quality solar products.
• Technical Expertise: Good quality installation and continued product service is

not available.
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Research Objectives

The LUAV program has been designed as response to three main challenges
experienced when supplying lighting solutions to rural off grid populations as
mentioned in the introduction of this document.

The main research question in this study would be to find out whether installing
community micro-solar lighting/charging systems is a viable way to increase
electricity penetration in rural villages. Specifically the study aims at:

1. Evaluating the willingness and ability to pay for solar lighting systems when
presented as a community project as well as preferred payment period/method

2. Evaluate viability and scalability of the revolving fund in providing upfront
capital for system installations.

3. Evaluating the receptiveness of the people to the technology and ease of
awareness dissemination in the community setting.

4. To evaluate whether technical support is easier to deliver through community
members or by technicians from BFP.

Additional Research

The Strathmore Energy Research Centre, SERC, is currently working with devel-
opment partners to carry out additional research into the sustainability and scala-
bility of the LUAV business model. In this, the long term socioeconomic impact of
each LUAV as well as the opportunities and potential for replication in other
developing countries is the main focus. As a result of the positive uptake of the
LUAV in Uganda, SERC is working closely with BFP, the energy company, in its
venture to replicate the program in South Sudan, Rwanda and Kenya in 2014. The
main questions for research in addition to the current existing questions are listed
below:

1. To evaluate the socioeconomic and lifestyle changes of residents within the
successful LUAVs by comparing those who took up the system and those who
did not participate in the program.

2. To evaluate the replication and scalability of the LUAV model by comparing the
experience in Uganda with Kenya, Rwanda and South Sudan.

3. To measure the impact of capacity building as regards local technicians to repair
and maintain the solar systems in the long run. This is an important aspect as in
many cases before the trained technician would abandon the task because few
systems would fail and thus for economic reasons the person decided to dedicate
himself/herself to another kind of job (Fig. 15.1).
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Specific Details of the Program

One of the main challenges of Pico PV market penetration in rural Africa is the lack
of consumer awareness (Asamoah 2013). The first step in awareness creation for
the LUAV program involves the identification of local NGOs, CBOs, SACCOs,
community members, community associations and local government bodies or
officials who will be willing and able to partner with the energy company in the
implementation of the LUAV program. BFP evaluates each group and negotiates
mutually beneficial partnerships towards the implementation of LUAV programs.
Thus the awareness campaign is meant to address not only the targeted market of
end users but also the government officials from the ministry of energy and the
regulatory bodies which in the case of Kenya and Uganda are ERC—Electricity
Regulatory Commission and the REA—Rural Electrification Agency and all the
other above mentioned partners in the LUAV venture.

These partnerships are developed with the aim of raising support to recruit a
minimum of 100 households per community who are ready to reduce or stop
kerosene usage for lighting within the community by purchasing a micro solar
system. It has been reported that local authenticity is one of the main success factors
for new businesses in Africa (Accenture 2009). Local authenticity is developed by
investing in local expertise and training the local people to run the activities on the
ground. The partnerships with local CBOs and SACCOs increases local acceptance
and makes the people more receptive to the product and the LUAV program.

Once a community has been educated and is ready to take up a LUAV project, the
energy company revaluates the participating CBOs or SACCOs within the commu-
nity to determine which one is most suitable to carry out the project implementation
tasks and trains the members in the project procedures. Next, the energy company
makes arrangements to finance the LUAV; in the early stages, BFP financed the
venture by putting together a revolving fund from private investors, who initially
believed in the concept. Today this process involves multiple stakeholders such as the
SACCO member’s deposits, NGOs donations, crowdfunding, and savings groups.

Fig. 15.1 Installation of
LUAV micro-solar systems in
a village by Barefoot Power
Uganda
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The identification of a credible and reliable CBO/ SACCO is crucial to the success
of the project. This is because the CBO or SACCO plays the important roles such as
managing community promotional campaigns, registering participating households,
identifying community entrepreneurs, planning installations, and coordinating
product repayment. This is done so that the energy company can focus on its main role
of provision of reliable and relevant products, development of awareness campaigns
andmarketing strategies, continual evaluation of the CBO competence and training of
users and local technicians to participate in product installation and maintenance.

The question of product affordability is addressed by the development of
financial models that will allow the program participants to pay for the micro solar
systems in installments. Although the financial models vary from case to case; the
basic structure is that the systems are to be paid for upfront by the SACCO/CBO
who thereafter collects the payment from LUAV participants.

In the case where a revolving fund is raised by an outside source, the community
has to return it within an agreed time period (normally 12 months). Though, in
some cases the source of the funding may allow for it to be utilized as a revolving
fund to continue the initiative. The CBO is controlled by a clear MOU that ensures
the funds are exclusively used for the LUAV. The CBO will manage the collections
of the monthly installments of the households. After 12 months, all collections of
installments will have regenerated the revolving fund at the CBO level, ready to
finance the next LUAV. The products will also be priced to with 10–20 % margins
required for sustainability. This margin can be used to pay incentives to the SACCO
personnel in charge of debt collection.

To ensure that the CBO is successful in the initiative, they share in the profit
margin to pay for the management of the initiative. This money can be shared
among group members or utilized to buy assets for the group.

In May 2013, BFP was able to partner with, a crowdfunding organization to be a
financing partner for the revolving fund. This loan is interest free and the borrower
has 14 months to pay back. These funds will enable BFP to scale up the LUAV
program to three countries.

Once the financial aspects and payment collection processes have been set in
place for the LUAV implementation, the CBO will register the participating
households, upon which BFP values the systems and deploys technicians to install
the micro-solar systems on the houses of each participant. The installation is carried
out in parallel with a technician training program to make technical assistance
available to the LUAV participants. The local technicians will handle basic ques-
tions and trouble shooting of system challenges and the BFP technicians would visit
the LUAV only to deal with major faults. One important detail here is the selection
of the people to be trained as technicians for the micro system; they have to have
already some basic skills such as repairing phones or TV set, etc. In the absence of
this they may fail to raise a living from the support to the LUAV systems and thus
give up the role of technicians.
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Results

The LUAV program relies heavily on partnership building within the local
eco-system as well as national and global partnerships. In the beginning, partners
were difficult to engage without a proven model. On the other hand, communities
were willing and enthusiastic to engage with Barefoot Power to take on the
eradication of kerosene and supporting renewable energy as the main source of
energy in their community. Over the last two years new partners have committed
upon seeing the preliminary positive results. Currently LUAV is actively engaged
with partners such as WWF, CARITAS and GIZ and national governments to
expand to new countries such as Rwanda, Kenya and Ghana.

At the end of 2012/2013 trial period, BFP had completed 18 LUAV projects.
These projects resulted in 3,000 plus households purchasing solar home systems.

These 18 completed projects counted on the support of partnerships with 11
NGO’s, 3 SACCO’s and one faith based organization. Furthermore, the initiative
was supported by the Ugandan Rural Electrification Authority (REA) and the local
governments in each village.

It was found that only one out of the 18 projects had not completed repayment of
their micro solar systems within the stipulated 12 months and the default were due
to the unreliable services of the CBO involved in that particular LUAV.

Although the projects were designed to cater for at least 100 households per
community some projects had as low as 28 households while others exceeded the
expectations and had up to 500 households signing up and successfully paying for
the systems. Table 15.1 shows a summary of the results obtained from the first 14
LUAVs installed in Uganda, all payments were collected in duration of 12 months.

The product of choice in the LUAV program, shown in Fig. 15.2, is known as the
Connect 600 from BFP. It consists of a 6Wp polycrystalline panel with a 4 Ah AGM
sealed battery and 4LED lightswhich give light for aminimum6honce fully charged.
Additionally two USB output allows for charging mobile devices such as phones and
tablets. A 12 V output provides for radio or fan powering. Every unit comes with a
standard two year warranty. The systems currently retail for about 130 USD.

The year of 2014 has seen the advent of more equipment in the market which
can be powered by such micro system. One of such is a flat screen television which
some smart feature which could play the role of a gateway to internet and thus
completely change the level of awareness to the modern world in rural Africa.

Findings

The LUAV program has proven its success in Uganda due to the low delinquency rate
and number of successful LUAVs. The findings of the research are currently being
used to evaluate the expansion options into the neighboring countries of Kenya, South
Sudan and Rwanda. Through the LUAV program, the research team reported the
following findings;
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• A 12 month payment period for micro solar systems is considered affordable in
rural Uganda. The payments were between 10 and 20 USD per month and the
delinquency rate was less than 10 %.

• Community Based Organizations (CBO’s) play an important role in facilitating
the projects. The sustainability of such a project has been found to depend

Table 15.1 Summary of the results for the first 14 LUAVs installed in Uganda

Name of project Partner and/or CBO No of
HHs

Month
started

1 Kiprotich village—Kapchorwa BFPU/MESICS 100 July-12

2 Buswiriri LUAV—Bugiri CARITAS-JINJA/MESICS 120 July-12

3 Kasese (LUAV)—Kasese Karambi Sacco/WWF/MESICS 70 Dec-12

4 Kyabarungira Sacco—Kasese Kyabarungira SACCO 90 Dec-12

5 Kalalu—Iganga Mivule/solar links 162 Dec-12

6 Friends of nature—Kasese Friends of nature/WWF 28 Dec-12

7 Okabi—Arua GIZ/barefoot/community 130 Feb-13

8 Fofo—Nyo GIZ/barefoot/community 132 Feb-13

9 Tororo LUAV1—Mbale CARITAS-tororo/mesics 500 Jun-13

10 Tororo LUAV2—Mbale CARITAS-tororo/mesics 500 Jun-13

11 Kiwani—Iganga Mivule/solar links 140 Aug-13

12 Maddo LUAV-Masaka CARITAS-masaka/MESICS 300 Sept-13

13 Kiyinda LUAV—Mityana Kiyinda-Mityana diocese 200 Sept-13

14 sos children’s village—fort portal SOS children’s villages 100 Nov-13

Total 2,572

Fig. 15.2 BFP Connect600
which is the micro system
utilized in the LUAV project
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heavily on the CBO’s ability to manage the local aspects of the project including
addressing the community concerns and managing the finances involved at the
community level (Da Silva et al. 2011).

• Offering installation services in addition to the technology reduces failure rate of
systems and provides an opportunity to build local technical capacity.

• Local partnerships build brand trust and loyalty in African markets. The element
of local authenticity helps to overcome the adverse effects of market spoilage
and other challenges such as cultural relevance, product education and peer
influence (Savannah Fund 2013).

• Financing partners, institutions were more willing to fund the project once it was
clear that they would be dealing with groups of users, SACCOs and CBOs
rather than individuals. This makes it easier for accountability, to follow up
payments and provides better control mechanisms such as the tracking and
documentation of the project’s success rate.

• The project yielded low default rates as the members of the group encourage
each other to complete payments through peer influence consequently reducing
the risk of delinquency due to the individual human factors. As a result, only
one out of the 18 LUAV projects launched had cases of delinquency.

• Strict criteria are necessary when selecting the CBO that will partner with the
energy company to carry out the project implementation. Criteria of competence
must be established by the energy company for each case. This is necessary
because each community is different in terms of socioeconomic activities,
cultural tendencies and social make-up.

• In the LUAV trial period the collection of payments by the CBO proved to be a
major bottle neck in the project development. There is need to consider the
implementation of a Pay As You Go technology which would support, manage
and track the revolving funds without incurring extra man power expenditure
especially with the rapid increase in number of CBOs, SACCOs and villages
that stand to take up the LUAV program.

• The efficiency of the solar technicians trained under the LUAV program will not
be fully measurable until the two year product warranty period expires. It is
worth noting that there are currently no accreditation criteria or institutions for
solar technicians in East Africa. However, once the criteria have been estab-
lished, the energy regulatory bodies and certifying authorities will be able to
extend training services in remote areas through the existing LUAVs.

Scaling up

The LUAV builds on the BFP Reverse Rural Electrification Model described by Da
Silva and Sloet (2012) and promotes the notion of decentralized energy generation
and distribution. This will have major long-term implications on the considerations
of energy policy makers.
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To ensure scalability of the LUAV program, BFP developed strategic partner-
ships with local governments which in turn led to the rapid adoption of the LUAVs
in Uganda. These partnerships were set up to gain the authorization, endorsement
and support of community leaders who would assist in the mobilization of the
community to participate in the program. Led by enthusiastic government officials
and popular community leaders, the recruitment of new members went beyond the
initial expectations resulting in the recruitment of up to 500 participant households
in some LUAVs such as Tororo LUAV 1 and LUAV 2.

The next initiative currently in its initial stages is to partner with local tele-
communication companies in the marketing and promotion of the LUAVs as well
as financial support. The telecommunication companies have an interest in the
penetration of mobile phone charging technologies for rural areas in Africa as these
technologies would increase the use and penetration of mobile phones. Leveraging
the interest of telecommunication companies and mobile phone service providers is
expected to improve the LUAV uptake rate further in remote areas.
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Chapter 16
Exploring the Barriers to Impact Investing
in the Sustainable Energy Area
in West Africa

Dominique Diouf

Abstract Impact investing can be an important investment vehicle as part of the
development of sustainable energy projects in West Africa, especially in rural areas.
However, it is still facing major challenges in West Africa. Through an analysis of
relevant documents on this subject, this research strives to identify and address
barriers to impact investing as part of sustainable energy projects development in
West Africa. It leads to actions that might be undertaken to make impact investing
an effective instrument that can help boost sustainable energy in this region. Finally,
this study identifies avenues for future research.

Keywords Sustainable energy � Impact investing

Introduction

According to the International Energy Agency, 1.3 billion people are without access
to electricity and 2.6 billion people are without clean cooking facilities.1 More than
95 % of these people are either in sub-Saharan Africa or in developing countries in
Asia and 84 % are in rural areas. The level of access to energy for Economic Com-
munity of West African States (ECOWAS) countries, especially in the rural areas, is
the lowest in the world (ECREEE, ITC and Casa Africa 2013). This is a surprising
paradox insofar as energy resources are particularly abundant inWest Africa. This not
only deprives tens of millions of individuals of access to modern energy, but, in
addition, it hinders health and environment of local communities and hence their
socio-economic development.
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In recent years, efforts have been made in terms of improvement and extension
of electricity systems and development of cleaner energy, such as renewable
energy. As an example, between 2004 and 2009, investment in renewable energy in
Africa grew from US$300 million to US$700 million and leapt to $3.6 billion in
2010 (Griffith-Jones et al. 2012). Important efforts have been also made to boost
sustainable energy projects and policies in West Africa. The ECOWAS Centre for
Renewable Energy and Energy Efficiency (ECREEE), based in Praia, Cabo Verde,
was established in 2010 to create favorable framework conditions for renewable
energy and energy efficiency markets in the 15 member states of the ECOWAS.

Despite these significant advances, the majority of African countries, especially
those in West Africa, still face major challenges. Beyond the political, social,
environmental and institutional challenges, access to financial services is often
considered as one of the major barriers to the development of energy in West
Africa.

In the context of renewable energy projects in Africa, the ability of end users to
bear the costs related to energy services is certainly one of the major hurdles to the
development of sustainable energy (ECREEE, ITC and Casa Africa 2013). To this
end, inclusive finance, particularly microfinance, is often used as an alternative
financing to access to modern energy. We argue that, beyond microfinance, it is
urgent to design and test alternative and complementary financial systems better
suited to the emergence of decentralized energy systems in rural areas. Impact
investing may be an investment vehicle to boost sustainable energy development in
West Africa.

Impact investing is “an investment designed with intent to generate positive
social and/or environmental impact” (Morgan and The Rockfeller Founda-
tion 2011) beyond financial returns. This type of investment is gaining popularity as
individuals and institutional investors (pension funds, banks, insurance companies
etc.) seek ways to obtain financial returns while making positive impact on society
and environment (Daragh and Nurkholisoh 2012, p. 2). As impact investments
typically target poor and disadvantaged population and the natural environment,
they may contribute to stimulate economic growth, generate infrastructure projects
and other initiatives (IISD 2013), including the many opportunities offered by the
development of sustainable energy.

This research has several contributions. Firstly, it goes beyond inclusive finance
by harnessing the power of impact investing for the sustainable energy sector,
especially as part of decentralized and off-grid sustainable energy systems. Sec-
ondly, by investigating impact investment as an investment vehicle for sustainable
energy in West Africa, this research is intended as a shift from traditional
approaches in Africa based on philanthropy, development assistance or aid to a new
track that consists of investing with impact in the renewable energy area. Thirdly,
funders, micro-finance institutions, NGOs, governments and investors, especially
impact investors, can refer to this study to better understand the challenges to
impact investing in West Africa and consider solutions to address them.

The rest of this paper is laid out in the following manner: first of all, we will clarify
our research question and objectives. This will be followed by the presentation of
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the methodological issues. Then, we will describe our findings. Finally, we will
discuss the results, highlight both the scope and the limits and identify possible
avenues of research.

Research Objectives

Impact investing could contribute to solve major social and environmental prob-
lems in the developing countries, particularly in Africa (Dalberg 2011) where
governments lack sufficient resources to cope with social and economic challenges.
More specifically, it would be an important vehicle for the governments who are
committed to fighting against poverty, energy crisis, youth unemployment, agri-
cultural crisis and food security etc. Nevertheless, actions taken by the government
to boost impact investing are few and even scattered. To this, are added barriers to
the growth of impact investing.

The following fundamental question structures this research: What are the
challenges associated with impact investing in the sustainable energy area in
West Africa?

The main objective of this research is to examine the barriers that might prevent
from investing with impact in the sustainable energy sector in West Africa.

Impact investment funds vary with respect to the source of the capital, the
location, expectations (Daragh and Nurkholisoh 2012). Freireich and Fulton (2009),
in a report published by the Monitor Institute, identify two kinds of impact
investors: impact first investors and financial first investors. Impact investors seek
to optimize social or environmental impact with a floor for financial returns. They
primarily aim to generate social or environmental good, and are often willing to
give up some financial return if they have to (p. 31). Financial first investors seek to
optimize financial returns with a floor for social or environmental impact. They are
typically commercial investors who seek out subsectors that offer market-rate
returns while achieving some social or environmental good (p. 31). Grabenwarter
and Liechtenstein (2011) highlight five (05) key characteristics to impact investing:
(1) Profit orientation; (2) Correlation between impact and financial return; (3)
Intentional impact; (4) Measurable Impact; (5) Positive effect on society (p. 10).
These authors state that there is no trade-off between profit and social impact
because the two factors are positively correlated. Simon and Barmeier (2010)
emphasize the fact that impact investing targets regions and sectors that traditional
direct foreign investment does not. As part of this paper, we argue that, whatever
the expectations, impact investing may be an important investment vehicle for the
development of sustainable energy. In this respect, it is important to understand the
barriers to this type of investment.

This research strives to not only examine the barriers to impact investing. Thus, it
is intended to foresee solutions to barriers identified as part of this study and open up
avenues of research in the field of impact investing applied to renewable energy in
rural areas.
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Methods

This research is mainly based on a review of existing papers, reports and other
documents analyzing impact investing in the African (especially West African)
context. Particular attention is given to the relationship between impact investing
and renewable energy. Consulting secondary sources may be particularly useful in
the early stages of research for generating sensible hypotheses or for other aspects
of the research development (Cowton 1998, p. 429). In order to ground this research
in a real context (Yin 2003), West Africa is chosen as a case study.

According to the data from the World Bank,2 West Africa key facts are:

• 15 countries.
• A population of 245 million.
• About 65 % of them live in rural areas.
• Two sub-regional organizations: Economic Community of West African States

(ECOWAS): Benin, Burkina Faso, Cape Verde, Cote d’Ivoire, Gambia, Ghana,
Guinea, Guinea Bissau, Liberia, Mali, Niger, Senegal, Sierra Leone and Togo.
ECOWAS works to promote co-operation in the region on a range of economic
and political issues including conflict resolution. Eight countries in the region
(Benin, Burkina Faso, Cote d’Ivoire, Guinea-Bissau, Mali, Niger, Senegal
and Togo) are members of the West Africa Economy and Monetary Union
(WAEMU) and share a common currency, a common central bank, a devel-
opment bank, a regional stock exchange and a common banking regulator.

• Over 55 % of West Africans live with less than $1 a day. According to the
Human Development Index of the UNDP, Ghana and Cape Verde were the only
countries ranked in the medium human development category. The rest of the
ECOWAS countries were classified at the low human development level.

West Africa is also a hub for several organizations:

• Multinational companies: extractive industries, telecom, banks etc.
• NGOs that contribute to eradicating poverty promoting education, preserving

the environment.
• Foundations.
• UN organizations.
• Etc.

Despite political instability noted in some countries, West Africa continued to
grow faster than other sub-regions of the continent (ACET 2013). However, it
should be noted that West Africa is not a homogeneous sub-region. Some countries
are considered as rich-resource countries, while others are less fortunate. The same
applies to the adoption of policy and financing sustainable energy projects

2 http://web.worldbank.org/WBSITE/EXTERNAL/NEWS/0,,contentMDK:20179737*pagePK:
34370*piPK:42768*theSitePK:4607,00.html.
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financing. As such, Ghana could be considered as a model for other countries in
West Africa. Thus, barriers or challenges identified in this research are those most
of West African countries face in terms of impact investing.

Results

The complexity of regulations, corruption, political instability and weak commu-
nication networks are, among others, the main challenges to consider when investing
(even with impact) in emerging markets (Arosio 2011). This observation also applies
to African markets. As for impact investing strictly speaking, the IISD (2013) has
identified 8 factors as the most critical challenges to the growth of the impact
investing industry in low-income and developing countries. These challenges are (1)
lack of appropriate capital across the risk/return spectrum, (2) shortage of high-
quality investment opportunities with track record, (3) difficulty exiting investments
(exit options), (4) lack of common way to talk about impact investing, (5) lack of
innovative deal/fund structures to accommodate portfolio companies’ needs, (6)
inadequate impact measurement practice, (7) lack of research and data on products
and performance, (8) lack of investment professionals with relevant skills.

According to a report by Dalberg and Apix (2012), beyond the lack of aware-
ness, the barriers to impact investing come from the demand challenges (lack of
adequate financing sources, limited capacity building, no recognition of particular
needs of impact enterprises etc.), supply challenges (lack of investment vehicles,
limited deal flow, limited exit options) and directing capital challenges (lack of
clarity under the fiscal framework). Even though West African Governments are
making efforts to establish an institutional framework conducive to the development
of business and investment flows, there are still major challenges, particularly in the
field of impact investing. One of these challenges is how to get institutional
investors (commercial banks, pension funds, insurance companies etc.) on board
with impact investing. Despite the important role they play in the West African
economy, investors are still very conservative “and stick to investing in treasury
bills and real estate” (Dalberg 2011, p. 39). This conservatism is even greater when
it comes to investing in the sustainable energy sector, especially the rural areas. This
sector is still considered as unprofitable and high risk and investors, particularly
financial-first-investors, are often wary even suspicious.

As previously mentioned by the IISD (2013), lack of reliable data is one the
most critical challenge to the development of impact investing. Investors with a
long-term time horizon, such as impact investors, are, indeed, more and more
interested in environmental, social and governance issues and ask, beyond the
financial reports, more detailed information (CICA 2010). The lack of information
on financial and non-financial performance as well as the absence of credible
reports on the impact of their activities are some of the great challenges most of
impact investors are facing in West Africa (Dalberg 2011). This can have a negative
impact on investment and capital flows in Africa, especially in the context of
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sustainable energy development projects. In West Africa, the non-availability of
reliable and updated energy information creates a major constraint for investors and
project developers in the sustainable energy sector in the ECOWAS region.3

Another barrier to impact investing in West Africa is related to the electrification
system. According to ECREEE, ITC and Casa Africa (2013), rural electrification is
highly dependent on the national electricity plan. This leaves too little room to
autonomous, decentralized and cheaper rural mini-grid systems fueled by renew-
able energy. This also inhibits entrepreneurship and projects development in sus-
tainable energy sector in West Africa. Therefore, investments, including impact
investing, in renewable energy in the rural areas are still low.

Discussion

The following question structured this research: what are the challenges associated
with impact investing in the sustainable energy area in West Africa? The main
objective was to examine the barriers that might prevent from investing with impact
in the sustainable energy sector in West Africa. To do that, we relied on both
academic and professional literature to identify some of the major constraints to
impact investing in West Africa. We found that barriers to impact investing in West
Africa come from regulatory, financial, fiscal, political etc. challenges and the lack
of reliable data. Moreover, the national electricity systems in place tend to limit the
establishment of autonomous and cheaper rural power systems and, thus, to inhibit
entrepreneurship and projects development in this sector.

The scope of this research lies in its exploratory nature. By identifying and
analyzing barriers to investing impact, this study recognizes the potential of such an
investment to help fight energy poverty in West African rural areas. However, such
challenges can only be met if concrete measures are taken by policy makers.
Because it does offer benefits, impact investing has valid arguments for garnering
the support of governments (IPCV and IRI 2011). We believe that the current
context of fuel poverty requires open and bold actions. For this purpose, it is
important to undertake tree major actions.

Firstly, the countries of West Africa should promote autonomous and decen-
tralized energy systems using renewable energy. As they better adapt to different
socio-economic contexts and be rooted in local cultures, such energy systems may
contribute to an integrated community development. Secondly, we think it is also
important that institutional investors embark on impact investing by exploring and
investing in areas such as renewable energy. To date, as mentioned by ECREEE,
ITC and Casa Africa (2013), few benefits are granted to private capital to invest in
renewable energy in West Africa. In addition, investments in this area are often
funded by official development assistance (ODA). As private investments are

3 http://www.ecreee.org/page/knowledge-management-and-awareness.
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largely dependent on the policies in place (IPCV and IRI 2011), institutional
investors should, however, benefit from a favorable environment to help boost
energy development in rural areas. Future studies might explore the ways gov-
ernments can tailor investment incentive programs to target the different types of
impact investors and involve them in the promotion of sustainable energy in West
Africa. While our recommendations suggest that solutions should come from policy
makers, an ecosystem approach could also be considered in the search for solutions
to the challenges of access to energy. This approach would better highlight the
complexity surrounding the sustainable energy issues.

Despite its scope, however, this research has limitations. One of the key limi-
tations is that it is based solely on documentary research. Interviews conducted
in situ with major stakeholders could give a more practical character. Future
research might also rely on renewable energy projects in rural areas as case studies.
Future research might also use a critical approach by exploring, for example, the
extent to which impact investing might crowd local investments.
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Chapter 17
The Synergies Between Mobile Phone
Access and Off Grid Energy Solutions

Michael Nique and Helene Smertnik

Abstract Mobile connectivity has grown beyond the electricity grid in most
emerging markets: the slow growth of grid access over the last 10 years compared
to the rapid expansion of mobile networks has widened the existing gap between
access to mobile and access to electricity. The GSMA estimates that this gap is
equivalent to more than 643 million people covered by mobile networks without
access to electricity, representing up to 53 % of the global off grid population.
According to five mobile channels, namely the off grid telecom tower infrastructure,
mobile operators distribution networks, machine to machine connectivity, mobile
payments and mobile services, the mobile industry offers innovative pathways to
achieve reliable energy access for currently underserved communities.

Keywords Mobile phone � Mobile payment � Off grid telecom tower

Introduction

1.2 billion people don’t have access to electricity and 2.8 billion have to rely on
wood or other biomass fuels to cook and heat their homes (Banerjee et al. 2013). In
order to reach universal, affordable and sustainable access to energy by 2030 (as
stated by the United Nations), there is a need to accelerate the current pace of
expansion of electricity access to keep up with the demographic growth but also
develop innovative ways to provide decentralized and sustainable energy to off grid
populations.

In a context of poor access to basic services such as electricity and water, access
to mobile services and mobile phone ownership have grown in the last 10 years.
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The growth and increased maturity of mobile markets, based on ubiquitous
population mobile coverage, extensive distribution networks and affordability of
mobile services and mobile devices, is offering new market-based opportunities for
energy practitioners.

Research Questions

• What is the current status of mobile availability and uptake in emerging
markets?

• What is the size of the opportunity for energy practitioners to leverage mobile?
• What are the different mobile channels available to support energy access?
• How innovative business models such as mobile-based Pay As You Go solu-

tions can disrupt the off grid solution market?

Methodology

This article was implemented based on the work the GSMA Mobile Enabled
Community Services program carried out in 2013. The sections on the five mobile
channels to support access to energy and the Pay As You Go example were
developed from interviews with Energy Service Companies leveraging mobile
infrastructure, technology and services part of their business model.

Related to the market sizing section, the energy addressable market is an esti-
mate of the number of people who live within range of GSM networks and have no
access to electricity, but could be hence impacted by the deployment of mobile-
enabled services. For a total of 114 developing countries, the energy addressable
markets were calculated by overlaying the following data in urban and rural
locations on a country basis:

• The percentage of the population with access to electricity (2013 from IEA
“electrification rate” and World Bank “access to electricity”);

• The percentage of the population being covered by GSM networks (the most
recent data available from mobile operators and GSMA GIS based estimates).

The Ubiquity of Mobile in Emerging Markets

As of 2013, more than 4 out of 5 people living in emerging markets were covered
by mobile networks and 2.3 billion people had a mobile phone subscription, with an
estimated growth of up to 3 billion in 2017.1 The Fig. 17.1 illustrates how the

1 GSMAi 2013 on the number of Unique Subscribers.
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global growth of mobile networks has outpaced the expansion of the electricity
grid, clean water and sanitation systems in emerging markets.

Leveraging this mobile ubiquity and increasingmaturity of the mobile industry, and
in conjunction with the cost reduction of renewable energy sources in recent years (PV
module prices have fallen by 80 % since 2008 and by 20 % in 2012 alone (Liebreich
2013)], there are strong opportunities for public and private players to leverage the
mobile infrastructure, technologies and services to provide sustainable access to
energy to current off grid communities, or communities with poor access to the grid.

A Majority of the Off Grid Population is Covered by Mobile
Networks

As of mid-2013, the GSMA Mobile Enabled Community Services program esti-
mated the global energy addressable markets, e.g. the number of people covered by
mobile networks without access to electricity, at more than 643 million people,
representing up to 53 % of the global off grid population (Nique 2013). Out of this
total, more than 476 million people live in rural areas.

As presented in Fig. 17.2, the largest addressable market is Sub Saharan Africa
(359 million people) where the reach of electricity networks remains limited
(*32 % of the population2) but where mobile networks cover more than 74 % of
the population. In East Africa, Kenya, Tanzania and Uganda accounts for more than
82 million people who could benefit from the access to mobile-enabled energy
services.
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Fig. 17.1 Mobile growth versus utility access growth in emerging markets

2 According to the electrification rate in 2012 from the International Energy Agency.
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Five Mobile Channels to Enhance Access to Energy

Based on the current footprint and maturity of the mobile industry, five mobile
channels can support access to energy solutions (Table 17.1 summarizes impact of
these channels):

• Mobile Tower Infrastructure: The mobile tower infrastructure has grown
beyond the electricity grid by relying on its own power solutions, mainly diesel
generators. At the end of 2011, more than 346,000 towers3 were operating in
off-grid environments. In a context where diesel costs are rising, leading to high
operational charges, increasing synergies exist between operators and Energy
Service Companies willing to provide stable energy to telecom towers and
communities under an energy hub or micro-grid model.

• Mobile Operator Distribution Network: The mobile operator’s airtime dis-
tribution channels and mobile money agent networks are becoming national
distribution networks providing last mile access to mobile communication
solutions. For example in Kenya, there were more than 96,000 mobile money
agents across the country in April 2013 (DiCastri and Gidvani 2013). These
kiosks and shops carry a trusted brand, reach remote communities and can scale-
up responsively to the needs of potential customers.

• Machine to Machine Connectivity: Machine to machine (M2M) connectivity
enables point to point communication thanks to embedded wireless chipsets
within the utility system. With GSM networks serving as the communication
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backhaul, decentralized energy solutions can be remotely monitored, allowing
real time information to be channeled directly from energy solutions to service
providers and enabling an on/off switch function, critical for the Pay As You Go
(PAYG) business model.

• Mobile Financial Services: More than a money transfer platform, mobile
financial services are now enabling subscribers to buy products, pay their bills
and save money through their mobile phone. As of the end of 2012, there were
more than 30 million active mobile money subscribers worldwide with more
than 150 live deployments in 72 countries (Penicaud 2013). The ability to
leverage mobile phones for energy payments is now enabling the development
of PAYG solutions tailored to low-income customers.

• Mobile Services (SMS, USSD, Apps): Mobile handsets are increasingly
available and affordable in the developing world through formal and informal
distribution channels. In Kenya, the monthly total cost of ownership4 of a low

Table 17.1 Five mobile channels impact summary

Channels Impact

Mobile tower infrastructure Increase sustainability of decentralized micro-grids by
providing power for consumptive and productive use

Mobile operator distribution
network

Support last mile delivery services for off grid products (e.g.
home solar systems)

Improve customer awareness and trust in emerging energy
solutions by co-branding products

Machine to machine
connectivity

Improve maintenance through remote monitoring

Enable Pay As You Go functionality, improving energy
solutions affordability

Improved user centric design thanks to consumer usage
patterns collection

Mobile financial services Increasing system affordability through Pay As You Go
solutions

Improving payment efficiency

Enabling private energy connection finance

Proposing smart tariffs based on customers energy usage or
time of usage

Mobile services (SMS,
USSD, Applications)

Improve utility agents business capability through mobile
tools usage (e.g. customer relationship management)

Enable the collection of crowd-sourced information directly
from customers

Improve supply chain management through mobile platforms

4 The Total Cost of Ownership of a mobile handset refers to the amount a mobile user has to
spend per month to own and use a mobile handset. This include the price of the mobile handset and
an average use of mobile services (voice, SMS, data).
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cost mobile handset decreased from EUR10.11 in 2009 to EUR2.83 in 2011.5

This pervasiveness of mobile phones in rural and underserved locations can be
leveraged in different ways to enhance sustainable access to utility services and
products.

Emerging Mobile-Based Energy Business Model—The Pay
as You Go Example

While underserved populations spend an important proportion of their income on
hazardous energy solutions (up to 30 % of their yearly income mainly on fossil
fuels, such as kerosene (Hammond et al. 2007)], part of the same population cannot
afford to buy clean energy solutions due to their high upfront costs. There are
however evidence supporting the hypothesis that offering payment plans to cus-
tomers increases the rate of adoption of solar products as they become more
affordable.6

The Pay As You Go model, developed on the brink of mobile financial services
deployment, are now allowing entrepreneurs to offer home solar systems under a
micro-financed or a “solar as a service” scheme, enabling low income customers to
pay for energy directly via their mobile phones:

• Lease to own (micro-financed): An Energy Service Company (ESCo) offers a
micro-loan solution to their customers to afford a home solar system; customers
first have to make a down-payment to have the home solar system installed at
their house and then repay for the full price of the unit part of their energy
consumption via daily, weekly or monthly instalments. Once they repay for the
full cost of the product, they own the home solar system and can use it freely (if
the unit is GSM enabled, the unit internal switch will be permanently unlocked
without any agent intervention). Products usually come with a warranty of
1–3 years according to contract terms.

• Solar as a Service: an Energy Service Company provides a service to its
customers while the home solar system remains the property of the service
provider. An installation fee is charged to new customers and the service is then
provided on a prepaid basis (amount according to the solution capacity). Energy
prices are usually lower than in the “lease to own” model as the solar system and
other products provided by the ESCo (lights, TV, fridge,…) remain its property.
Full maintenance is also ensured under the service agreement with the end user.

5 Source Nokia from GSMA MDI website: https://mobiledevelopmentintelligence.com/statistics/
70-monthly-total-cost-of-ownership-usd#.
6 Information collected from several Energy Service Companies providing Energy Pay As You
Go solutions.

190 M. Nique and H. Smertnik

https://mobiledevelopmentintelligence.com/statistics/70-monthly-total-cost-of-ownership-usd#
https://mobiledevelopmentintelligence.com/statistics/70-monthly-total-cost-of-ownership-usd#


Adding a GSM component to an energy system is the most seamless solution for
PAYG, as remote monitoring and credit update on the unit meter can be done over
the air, without an agent or a user intervention. Service providers receive real time
information under a SMS format about the unit operations (power consumption,
battery charge/discharge), customers’ payments (frequency of payments, credit) and
any maintenance/theft issues. ESCos are also building extensive databases on unit
operations, which are then analyzed to offer better products and services from a user
centric perspective. M-KOPA, providing home solar systems under a Pay As You
Go model in Kenya, has been to date the most successful Pay As You Go provider,
reaching 50,000 units sold as of January 2014. The deep integration of mobile
technology in their business model (as seen in Fig. 17.3), M2M connectivity
coupled to mobile payments, added to their distribution partnership with leading
mobile operator Safaricom, has enabled this emerging ESCo to provide reliable
products and stable services.

Most of the PAYG solutions are currently available in East Africa as shown in
the Table 17.2; with poor access to electricity, good mobile penetration and

Fig. 17.3 M-KOPA Pay As You Go model

Table 17.2 Example of energy Pay As You Go providers (as of the end of 2013)

Companies Country operations Service model Payment type

M-KOPA Kenya, Uganda Lease to own Mobile money

Mobisol Tanzania, Rwanda Lease to own Mobile money

Off grid electric (OGE) Tanzania, Ghana Solar as a service Mobile money

Angaza design Kenya, Tanzania Lease to own Mobile money

Fenix international Uganda Lease to own Mobile money

Econet solar Zimbabwe,
Lesotho, Burundi

Solar as a service Airtime billing

Simpa networks India Lease to own Scratch cards
or mobile payments
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increasing mobile money services traction, this region has become the cradle for
mobile-based energy PAYG solution deployments. However, the opportunity to
deploy and scale PAYG is real and important in most of the global off grid regions,
provided the right ingredients are present: quality energy products, mobile pay-
ments capability (using mobile money but also mobile airtime), working capital
available to energy entrepreneurs financing the risk of customers default and an
efficient distribution network.

Challenges of Such Mobile Enabled Solutions

• Financing—while pay as you go solutions improve energy affordability, the
financing burden falls on Energy Service Companies providing such products or
services. Entrepreneurs have to wait for the duration of the payback periods to
recoup their sales revenue, a period that can be as long as 36 months for some
providers. This puts an important pressure on cash flow availability, especially
for customers with high default risks. Without debt financing tools and working
capital, companies might be unable to expand or ensure efficient after sales
services.

• Availability of mobile financial services—even though mobile money services
are increasingly gaining traction across markets, their growth and how they can
be leveraged by energy entrepreneurs will vary on a market basis. The conve-
nience of mobile payments should not be made at the expense of higher fees
charged to consumers each time they pay via their mobile phone. In complement
to mobile money services, airtime billing represent another interesting oppor-
tunity for customer energy payments.

Discussion

The success of mobile telecommunications in emerging markets is enhancing the
opportunity for energy practitioners to develop innovative access models tailored to
off grid and underserved communities’ ability to pay. According to the GSMA, five
mobile channels, based on the reach and impact of the mobile infrastructure,
technologies and services, appears key to support such innovation. The develop-
ment of Pay As You Go (PAYG) solutions under a micro-loan or solar as a service
model, where units can be remotely monitored through machine to machine con-
nectivity over mobile networks and where customers can make payments directly
via their mobile phones, can act as a paradigm in displacing hazardous fossil fuels
for the off grid households with access to mobile. As mobile markets mature and
mobile financial services get more traction, most PAYG pilots could move in a
commercial phase in 2014, with new entrants in different parts of Africa, Asia and
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Latin America. Still at a nascent stage of development, technology and business
models innovation should lead to the emergence of more synergetic models,
coupling mobile, energy but also water, some of the key pillars to socio-economic
empowerment.
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Chapter 18
Optimizing Device Operation with a Local
Electricity Price

Bruce Nordman and Mattia Bugossi

Abstract Making optimal use of available electric power is important for
efficiency, functionality, and to reduce capital costs, particularly in developing
countries. This paper shows the results from simulating the behavior of refrigerators
and freezers that vary their operation according to a local price and price forecast.
The price is set to the availability of local photovoltaic (PV) power and is used to
adjust the temperature setpoints of the devices. For off-grid systems, this can be
used to concentrate consumption during times of PV availability, to increase effi-
ciency and reduce battery size. Our simulations show a reduction of up to 26 % of
the energy used by the devices at night.

Keywords Off-grid � Nanogrid � Local price

Introduction

In electricity systems of many scales, matching supply and demand is a critical
need. This is a basic function of any grid—utility grid, microgrid, or nanogrid
(Marnay et al. 2011). For energy access deployments, there are often significant
limits on system capacities for energy and power, and these may vary from day to
day. This paper demonstrates that a local price of electricity can be used to shape
demand to use it more optimally. The context addressed is a standalone system
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powered with local photovoltaic (PV) power backed up with a battery. Refrigerators
and freezers are modeled to show how price can be used to better match their
consumption to electricity availability.

Research Objectives

The purpose of this study was to explore the general principle of using local prices as
a way to control devices—or rather, so devices can control themselves. This is a core
principle of the technology of Local Power Distribution (LPD) (Nordman 2012;
Nordman et al. 2012 and Nordman and Christensen 2013). LPD is based on a
network model of power, rather than the conventional single unitary grid. A network
of local grids can be attached to a large scale utility grid, a small mini-grid, or a local
micro-grid. The basic unit of power distribution in LPD is the nanogrid, and each
nanogrid has its own local price and price-forecast. This paper considers only a single
nanogrid, including integral storage, plus a connection to local photovoltaic power.

Data Sources

With the purpose of this study being exploratory, it was not necessary to be detailed
in our modeling. For example, the efficiency of storing energy into and out of a
battery is assumed to be constant, and we do not consider the interaction between
charge level and capacity to store or withdraw power. The details of compressor
operation are not modeled; each minute of operation is assumed to have an identical
effect on reducing temperature in our refrigerators and freezers.

For PV data, we used sample data from a convenient source.1 The loadshape of
produced power was simply scaled to match our system needs and the hourly output
linearized. Figure 18.1 shows one day of PV system output, unscaled, along with a
price signal trivially derived from the PV output. For batteries, we assume that 10 %
of electricity is lost in the charge/discharge roundtrip.

Our base case of device operation was modeled on typical behavior of a recent
models of refrigerators and freezers.2 Our units are manual defrost so there is no
automatic defrost cycle to schedule (though these could be readily set to be at times
of high electricity availability). We did not model door openings.

1 Adapted from http://www.seia.org/research-resources/potential-impact-solar-pv-electricity-markets-
texas.
2 Personal communication from Lloyd Harrington, 2013.
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Prior Work

Matching supply and demand is not only of concern for off-grid systems, but arises
in most electricity systems. For improved operation of conventional utility grids, a
project at U.C. Berkeley (Taneja et al. 2011, 2013) demonstrated a phase change
material used in the freezer compartment of a typical refrigerator (with integral
freezer) to shift demand. Energy is required to “charge” the material as it freezes; it
later absorbs heat as it melts. They considered how such a system would behave in
the context of a fixed time-of-use price regime. They also operated it to follow
renewable generation in the local utility grid and select among a few different
temperature setpoints to shift energy demand to the desired times.

Our project builds on this concept but with different context and goals. We take
the appliances as-is, without physical modification; a local price forecast is the only
information considered; and the setpoint is directly manipulated in a continuous
manner.

Individual Device Operation

Figure 18.2 shows a six hour period of our basecase freezer operation. There is a
constant setpoint (−10 °C) so that the compressor cycles do not vary, with com-
pressor on-times and off-times of about 20 min each. The unit turns on the com-
pressor when the internal temperature reaches 0.5 °C above the setpoint, and turns
off the compressor when 0.5 °C below the setpoint is reached. Our basecase of
refrigerator operation is similar. We assume that the freezer setpoint can range from
−3 to −18 °C, and the refrigerator setpoint from 1 to 6 °C. These are to give the
system maximum flexibility without compromising the integrity of the units
function.

Fig. 18.1 PV daily electricity
loadshape and local price
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The units can change their setpoint in response to the local price. This can
happen at any time, so that a setpoint change may lead to immediate change in
compressor state, or may cause the expected duration of compressor operation
(or period of non-operation) to be longer or shorter than would have occurred
without the setpoint changing. Compressors have a 10 min minimum cycle time as
short cycles are energy inefficient.

Optimizing Demand Patterns

When the sun is shining, power is more available than when it is not. Consuming at
night requires storing power in a battery which entails capital cost for the battery
and associated hardware, as well as energy losses from the round-trip through the
battery. Thus, it is advantageous to concentrate electricity demand during the day,
and to match as well as possible the loadshape of PV output. Doing this can reduce
the size of the battery needed as well as the energy losses.

The context of our analysis is a system with a nanogrid controller which assesses
available electricity supply (from solar and battery), current demand, and past
history, to set a current price and forecast of future prices. The system reduces the
price of electricity in accordance with actual and forecast solar output, with the
lowest price corresponding to the highest output, as shown in Fig. 18.1. Devices can
use the price to concentrate their consumption in the middle of the day.

In general, the price and forecast can change at any time. Periods of constant
price can be of any length and do not need to be the same as other periods. When
the price or forecast changes, then devices may adjust their operation.

We used periods of 10 min for the price forecast, so that the setpoint for each
unit also changed every 10 min. In our analysis, we did not change the actual price
trajectory from that in the forecast; however, a nanogrid controller can change the
forecast at any time. The shape of the price should match the supply/demand
condition, so in this case it is simply the inverse of the supply.

Compressor operation is based only on the setpoint value (and minimum cycle
time) so is not directly a function the electricity price. Similarly, the setpoint is based
only on the price so it not directly a function of the PV output (or supply/demand

Fig. 18.2 Constant price
freezer operation
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balance generally). Each step of the process is as simple as possible, to enable more
complex systems while keeping the complexity contained.

Figure 18.3 shows these distinct steps of operation in this system. In this case,
the effect of changing the initial signal has a clear and direct effect on the device
behavior, but this separation of functionality enables much more complex systems
as described later in the paper.

Dynamic refrigerator operation is similar to that of a freezer, except that with a
smaller temperature range available, the degree that consumption can be concen-
trated during the day is reduced.

Single Device Results

Figures 18.4 and 18.5 show freezer operation with a dynamic price. Figure 18.4
presents the entire day. Figure 18.5 is a close-up to show incremental setpoint
changes and the how the unit changes operation from night (compressor mostly off)
to day (compressor mostly on). Figure 18.6 shows the power consumption of the
freezer operation from Fig. 18.4; it is plotted as average power over each cycle of
compressor on-time and off-time. For the variable price case, the freezer under-
stands that there is a ‘day mode’ and ‘night mode’ of operation, where prices are
lower during the day. It detects which mode it is in and for how long it will remain
in that mode by looking at the trajectory of future prices. In night mode, it sets the

Fig. 18.3 Basic sequence of control operations

Fig. 18.4 Variable price
freezer operation—one day
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setpoint to linearly move from its current point to its maximum point over the
course of the night. In day mode, it adjusts the setpoint non-linearly, to have the
greatest change in setpoint when the price is lowest, at the middle of the day.

Multiple Device Results

Nanogrids enable power to be exchanged locally within a building or community.
Exchanges occur when prices are different in adjacent nanogrids, indicating dif-
ferent availability. Sharing power evens out the spikes of consumption that indi-
vidual device operations produce.

To explore this, we simulated fifteen freezers (and fifteen refrigerators), with
power levels and rates of temperature increase and decrease similar to our basecase
units, but slightly randomized. The starting condition (internal temperature and
compressor status) were also randomized. We did not want many units to change
operation simultaneously, and so updates to the price/forecast was delayed by up to
9 min to that at most two receive the update each minute. The compressor cycling
of ten freezers is shown in Fig. 18.7; the overall pattern is consistent—more on-time
during the day—but their cycling details are random.

Fig. 18.5 Variable price
freezer operation—6 h

Fig. 18.6 Variable price
freezer operation—power
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The total energy use for the fifteen units of each type are shown in Figs. 18.8 and
18.9. These are plotted as averages for each hour to eliminate short-term variations
which obscure the overall pattern. We simulate both a constant price a (and so
constant setpoint) and a variable price. Also on these figures we show the PV output
required for the constant price scenario. The power under the PV output curve but

Fig. 18.7 Compressor
cycling for ten (of 15) freezers

Fig. 18.8 Constant and
variable 15-freezer operation

Fig. 18.9 Constant and
variable 15-refrigerator
operation
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above each total power line is stored in the local battery, to be withdrawn for use in
the night hours, minus the round-trip energy loss. There is a greater difference
between the two cases for freezers since they have more ability to shift energy use.

Discussion

In principle, the night-time total power should be relatively flat from midnight until
08:00; we also did simulations with hundreds of freezers and refrigerators and
produced that result. That the total in Figs. 18.8 and 18.9 is not flat is due to the
small number of units. For the evening hours, the cycling of refrigerator power is a
result of most units being in compressor off mode after the setpoint has stabilized,
since most were on as the setpoint was dropping. Then, as the setpoint begins to
rise, most of these start their compressors, creating the pattern. Further randomi-
zation could avoid this alignment.

Table 18.1 shows the primary quantitative results, which compare each constant
price case with the percent change that occurs when variable prices are introduced.
The table shows absolute energy values for the constant price case, and the percent
change when moving to the variable case. Direct PV energy is the amount used
directly from the PV panels by the units. Generation in excess of what the units
consume is stored in the battery. Battery energy is the amount required from the
battery. Excess PV consumption must be 10 % greater than the energy drawn from
the battery. The total unit consumption between the constant and variable cases is
nearly identical.

With a time-varying price, the devices still consume power during the night and
so rely on batteries, but less so than for the constant price case. With a constant
price, about 35 % of daily energy is consumed directly from the PV system. 16 and
10 kWh of battery output are needed, with 10 % of these values lost in the charge/
discharge cycle. So, the PV system would need to be 1.4–1.6 % larger in the

Table 18.1 Results for one
day for 15 units of each type
all values except % are energy
in kWh/day

Freezer Refrigerator

Const. Var. Const. Var.

Device energy 25.1 15.5

Direct PV energy 8.6 12.8 5.4 7.5

Direct TV fraction of total (%) 34 51 35 48

Change constant to variable (%) 49 37

Battery energy 16.4 12.2 10.1 8.0

Change constant to variable 4.2 2.1

Change constant to variable (%) −26 −21

Battery loss (kWh) 1.64 1.22 1.0 −0.8

Change constant to variable 0.42 0.21
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constant price case to deal with the additional battery roundtrip losses. With a
variable price, about 50 % of energy is consumed directly from the PV system
output, and the battery size (and corresponding energy loss) is reduced 21–16 %.

These energy and battery capacity savings are the most obvious and valuable
benefits of this change in device behavior, but not the only ones. The rate at which
PV power must be absorbed by the battery is also reduced. For these cases, the
maximum hour of excess PV power has is reduced by 24 and 21 %. Battery
chemistries have different limits on energy densities, charge rates, and discharge
rates, so that being able to reduce this is an advantage.

There are two ways to interpret these benefits. One is that less hardware is
needed to accomplish the desired tasks—less generation, conversion, and storage.
The other is that for the same infrastructure, more benefit can be obtained—more
energy available, and more storage available.

This analysis is for simple and fixed variations in generation and hence supply/
demand balance, but the ability of devices to respond to changing prices can be used
in complex grid topologies with many sources and end-use devices. All that is
required is for each local grid to set a local price to reflect its own conditions, and use
that in exchanges with other grids to help shape the local prices of adjacent grids.

Figure 18.10 shows a more general flow of information for a local grid context.
The grid controller may have multiple potential sources of power, and may be able
to transfer power to other grids. Each of these has a price/forecast associated with it
to take into account. The battery state-of-charge will also affect price determination,
depending on whether the controller is actively seeking to charge the battery, or let
it discharge. Some of the information flows are actually bidirectional, such as with
other sources. Power can also flow along many of these links, and in some cases,
such as with the battery and other local grids, can reverse direction.

Additional Issues

Varying the temperature in a refrigerator or freezer is not the normal mode of oper-
ation, but should not impact general food storage. There are limits that should not be
passed certainly: temperatures that are too cold can freeze vegetables; temperatures
too high can lead to premature spoilage, particularly in sensitive items such as milk.
Users of a refrigerator and freezer can use knowledge of what they are putting in it to
select appropriate limits, and to change them over time as their usage changes.

Fig. 18.10 Information flows in local grids
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Given the high cost of electricity in many energy access contexts, attention has
been given to making devices that are more efficient than might be economically
justified for a unit that faces low electricity prices. These would most likely be
different from more conventional units in having much better insulation. This would
reduce the total electricity requirement, but would also mean that temperatures
would rise more slowly, which would enhance the ability of a price-modulated
control to concentrate energy use during the day. Using DC power also has
efficiency advantages when coupled with local DC generation and/or storage
(Garbesi et al. 2011).

Further Work

Any local grid will have a variety of devices, with electronics and lighting being
among the most common. All of these can take a price and forecast into account in
their operation. Lights might dim as prices get high, and turn off entirely when a
threshold is reached. Electronics can modulate consumption, such as dimming
displays or powering down to sleep more quickly. Water pumps can similarly serve
as storage, operating when electricity is inexpensive and storing the water in tanks
for use at a later time. The local price and forecast will drive decisions about when
to charge and discharge a battery, and battery capacity in turn can help shape the
local price.

While this project had price a simple function of local PV power, the forecast
can be more complex and variable. With more complicated price trajectories, a
more sophisticated algorithm would be needed to shape demand across multiple
periods of high and low price during one day. In addition, for units with automatic
defrost, defrost cycles need to be scheduled about once a day and can be set to
occur at a time of relatively low cost. To avoid many units defrosting at the same
time, they should randomly select a defrost time across a range of times where the
cost is reasonably low.

If power suddenly becomes scarce during the day, the local price and forecast
will be changed to quickly rise in response. This could then cause refrigerators to
stop dropping their setpoint so that units that have their compressor off will delay
turning them on, and units that are on will turn off more quickly. When the situation
reverses, devices will automatically change operation.

The refrigerator characteristics used were from commercial units in industrial-
ized countries. In the energy access context with more expensive power, it could be
beneficial to insulate the units to a greater degree; this would reduce energy use
overall, and would also enable a higher proportion of concentrating energy use
during the day due to less energy needed at night to maintain the setpoints.
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Conclusion

A local electricity price is a simple and universal mechanism to reflect the local
supply/demand condition. Our analysis showed that such a price can be used to
change freezer and refrigerator operation to make better use of local generation, and
reduce hardware needed for battery power and losses associated with using battery
storage.
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Chapter 19
Financing Energy Efficiency and Climate
Adaptation Measures on Household Level
in Kyrgyzstan—Market Based
Approaches in a Post-soviet Country?

Anastasia Bakteeva and Jonas van der Straeten

Abstract This paper explores the potential of innovative financing tools to foster
the implementation of energy efficiency measures such as thermal insulation, using
the example of two regions in Kyrgyzstan. The country is challenged by cold
winters, national energy crises and poorly insulated housing inherited from Soviet
times. Based on a household survey the paper investigates the problem of climate
vulnerability and high energy expenditures on household level, identifies financing
gaps for investments into efficiency measures and discusses financing tools to
address them, such as green microfinance. The results of the study show that there
is a considerable potential for market-based approaches if they target a more effi-
cient use of thermal energy in households, particularly for space heating.

Keywords Energy efficiency � Kyrgyzstan � Green finance � Thermal insulation

Problem Statement

The former Soviet states in Central Asia are profoundly challenged by climate change
in two respects. Firstly, the region’s diverse climatic zones are highly vulnerable to
the ecological impacts of climate change, including droughts, heat waves, crop losses,
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decrease in precipitation and melting of mountain glaciers and snowfields (Cruz et al.
2007; Sorg et al. 2012). Secondly, the region has inherited an inefficient energy
system shaped by the Soviet tradition of extensive, state-subsidized energy services
(Wiedemann et al. 2012). The case of Kyrgyzstan shows how climate change impacts
and power supply crises are interlinked: with its high dependency on hydro-
power which accounts for 90 % of the total electricity generation, water shortages
dramatically reduce the total electricity generation capacity. In addition, subsidized
electricity prices (in 2009 0.01 USD/kWh for residential sector, Gassmann 2012), not
only discourage modernization of obsolete equipment but also stimulate growth in
energy demand that cannot be met in the future. This leads to the paradox situation,
that Kyrgyzstan, rich in hydropower and currently a net-exporter of electricity, is
expected to face winter power supply deficits from 2014 onwards, which could reach
an annual 2,750 GWh by 2020 (World Bank 2013).

With winter temperatures as low as −20 to −30 °C in some regions of the
country, the aggravating problems in the energy sector affect many households on
an existential level. As little emphasis was put on thermal insulation during Soviet
times, the country was left with poor quality housing, with unsatisfactory quality
outdoor insulation, high air permeability of windows and inadequate air exchange
mechanisms (Energy Efficiency Protocol 2011; Kraudzun et al. 2014). Recent
studies show that households in mountainous areas of Kyrgyzstan spend up to 22 %
of their household budget on energy, mostly for coal, firewood and electricity for
heating (Liu and Pistorius 2012). In Kyrgyzstan the share of expenses for heating is
up to twice as high for poor households than it is for wealthier households (Wu
et al. 2004).

In total, the residential sector accounts for 63 % of the country’s total electricity
consumption (Energy Efficiency Protocol 2011), most of which is used on space
heating (Wu et al. 2004). Therefore, increasing energy efficiency at the household
level is not only advocated as one of the priority climate mitigation and adaptation
measures (UNFCCC 2007), but can also contribute to relieving the tense situation
in the Kyrgyz energy sector and improving the livelihood of households, particu-
larly in rural areas (Braubach et al. 2011; Sarkar and Singh 2010). From an eco-
nomic point of view, investments into energy efficiency measures such as
retrofitting of houses to improve thermal insulation, often promises high returns by
saving fuel expenses. Nonetheless, few households in Kyrgyzstan and other poor
countries actually invest into thermal insulation. This fact suggests that there is a
financing gap or at least a awareness gap for energy efficiency investments.

Effective means to fill this gap remain scarce. Multilateral financial agencies
have had little success in financing energy efficiency projects in developing
countries so far, as a review of recent literature shows. Approaches ranged from
projects with utility companies and Energy Service Companies (ESCOs) to sub-
sidies, grants or specific credit lines. These models proved to be effective in
developed countries (Rezessy and Bertoldi 2010) but they are often not adapted to
countries with emerging economies. Building up ESCOs takes decades and credit
lines often miss their target because of undeveloped financial sectors, legislative
frameworks or high transaction costs (Sarkar and Singh 2010). There is still a need
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for sustainable financing mechanisms, particularly on the level of households as
well as micro, small and medium enterprises (MSMEs) (Painuly et al. 2003).

In recent years international development agencies and banks have increasingly
paid attention to “green finance”; financial tools which are addressed at companies
and projects that promote sustainable development, including resource efficiency,
pollution reduction and mitigation of environmental damage (International Finance
Corporation 2011). An application of “green” financial instruments in microfinance
offers a great potential to address energy and climate change adaptation needs of
rural households using a market-based approach (Glemarec 2012; Gujba et al.
2012). Kebir et al. also see it as important to provide access to green finance for
MSMEs, as they are often crucial stakeholders in local value chains for energy
efficiency measures (Kebir et al. 2013).

Research Objectives

Based on a household survey in Kyrgyzstan, this paper examines the problems of
climate vulnerability and high energy expenses on household level and explores the
potential of innovative financing mechanisms to mitigate them. The underlying
research question of the study was: Can green finance foster the implementation of
climate adaptation measures such as housing thermal insulation in Kyrgyzstan? The
questions of the survey were aimed at identifying and quantifying the demand for
housing retrofitting and thermal insulation. Based on this data, it was asked if there
is a financing gap, which prevents this demand from being fulfilled. The household
survey was accompanied by a comprehensive analysis of the country’s microfi-
nance sector and of supply chains and quality of products and services for thermal
insulation.

Methods

The study is based on a quantitative survey of 384 households in the regions of
Naryn and Issyk-kul. Households were randomly selected based on the official
Kyrgyz census data. The survey was conducted on an individual basis and ques-
tions were addressed to the household head or the person responsible for
housekeeping.

The results of the survey were complemented by qualitative interviews with ten
households in the two regions that took place prior to the survey. Both the inter-
views and survey covered a range of aspects related to the demand for micro loans
for thermal insulation: housing conditions, household energy consumption, satis-
faction and awareness about energy efficiency and thermal insulation, experience
with microfinance and household cash flows.
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Results

The survey showed that 75 % of the respondents’ houses were built more than
20 years ago during Soviet times. Nearly half of these houses were built of saman, a
locally available construction material made of haulm and clay with much higher
heat conductivity then for example bricks. Households spend on average at least
20 % of their monthly income on space heating. Despite the low prices for elec-
tricity, thermal fuels are also widely used for heating (coal by 93 % of respondents,
firewood by 74 %, and manure cakes by 47 %). In order to cut down the heating
cost, families often live in just one or two rooms for the winter period and “seal off”
the rest of the house. Still, 22 % of respondents indicated that they suffer from a
lack of heat in winter.

The capability and/or willingness to change that situation differed considerably
between the two regions and between rural and urban respondents. While in the
economic more advanced region of Issyk-Kul, two thirds of the rural and half of the
urban population indicated that they were “planning to make any changes to make
[their] house warmer within the next three years”,1 this was only the case for less
then one third of rural and urban residents in the region of Naryn (see Fig. 19.1).

The replacement of heating systems, windows and doors were by far the most
preferred retrofitting measures to make the house warmer (see Fig. 19.2).

However, an assessment of the underlying motivation for implementing retro-
fitting measures using a 5-point scale showed that comfort was ranked highest in
both regions. However, opinions on other factors differ. In poorer and colder Naryn
region “Saving money for heating fuel” was ranked as the second most important
reason but only fourth in Issyk-Kul. This might be explained by the lower total
income and higher share of energy expenses in Naryn as well as the higher potential
savings, due to the colder climate in this region.

Despite the general willingness to invest in housing insulation measures, the
price of such retrofitting often exceeds household disposable income: the majority
of respondents have a household income of less than 10,000 KGS (156 EUR) a
month and 20–30 % have an income of less than 5,000 KGS (78 EUR). Thus, the
purchase and installation of, for example, five PVC-windows which costs between
23,000 and 35,000 KGS (539 EUR) is way beyond the budget of typical household.

Respondents who already conducted housing retrofitting in the past resorted to
different sources of financing, with savings (64 %) as the most popular answer,
followed by sales of livestock (12 %) and loans from financial institutions (9 %)
(see Fig. 19.3).

Despite the low usage of loans for house retrofitting until now, the framework
conditions for the disbursement of thermal insulation loans seem fairly favourable.

1 The question were asked this way as the qualitative interviews had revealed that retroffiting
measures were are not perceived as “thermal insulation” but as means to “make It warmer”
(“Uteplenie”).
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The outreach of the financial sector in Kyrgyzstan is generally very high; in the
survey sample 45 % of the respondents have experience with taking a loan from a
credit institution, 12 % of which were dedicated to housing. There are however
striking differences between the two regions. In Naryn, where respondents generally
rely much more on informal sources of financing (e.g. relatives friends), the per-
centage of loans dedicated to housing was significantly lower as in Issyk-Kul (only
4 % in rural Naryn). On the other hand, nearly half of the total number of
respondents in rural Naryn (47.9 %) expressed a general willingness to apply for an
insulation loan (urban Naryn 21.1 %), compared to 25.5 % in rural and 9.6 % in
urban Issyk Kul (see Fig. 19.4).
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Fig. 19.1 Comparison of demand patterns for thermal insulation measures across districts
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Besides an aversion to owe money (74 %), high interested rates were mentioned
as prohibitive factor for not applying for a thermal insulation loan (30 %).2 For
more than a fourth of existing loans, interest rated were higher than 25 %, being as
high as 35–40 % in some cases. High interest rates of microfinance intuitions have
been subject to controversy debates and political exploitation in Kyrgyzstan lately.

Discussion

The results of the study show, that even in the challenging environment of Ky-
rgyzstan with its Soviet heritage of state-subsidized energy (especially electricity)
services, there is a considerable potential for market-based approaches if they target
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Fig. 19.3 Financing sources for housing retrofitting (n = 130, multiple answers)

25,5%

9,6%

47,9%

21,1%

74,5%

90,4%

52,1%

78,9%

Rural

Urban

Rural

Urban

Is
sy

k 
K

ul
 

N
ar

yn

Yes

No

Fig. 19.4 Willingness to apply for an insulation loan (N = 384, n = 379)

2 Choosing multiple answers was allowed in this question.
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a more efficient use of thermal energy in households, particularly for space heating.
There is evidence of poor housing conditions, for example in regard to indoor
winter temperatures, which leads to large heating fuel expenses among the popu-
lation. It was shown in the study that this need does indeed translate into a demand
for retrofitting measures: about one third of the population have already undertaken
housing improvement measures and approximately 40 % are planning to do so in
the next three years. This demand is however rather driven by the desire for more
comfort, then by economic calculations of households, and it is more the wealthier
urban households than those in poorer, rural areas, who have the financial means to
fulfill this demand.

The study reveals the paradox situation, that the households in colder and more
remote regions, with poorer housing conditions, a higher savings potential and a
higher motivation to realize it, express the highest willingness to apply for thermal
insulation loans but find it hardest to access these loans. If market-based approaches
are supposed to address the energy and climate change adaptation needs of the most
vulnerable households, they have bridge this financing gap with innovative and
adapted financing tools, such as green microfinance.

The design of these loans has to take the following aspects into account: Interest
rates need to reflect the long lifetime but relatively low yearly return on investment
of energy efficiency measures. They furthermore should take into account the
seasonality of income of many households. Loan programs rely on the local
availability of products and services in the sufficient quality to ensure efficiency
gains. In the case of an existing program in Tajikistan, the “Warm comfort” pro-
gram for example, this implied a high donor investment in building up and
enforcing supply chains for high quality thermal insulation products, for example
windows and doors. For Kyrgyzstan, however, the study showed that supply chains
for some products are better developed. Finally, loan programs need to be
accompanied by technical assistance and capacity building within financial insti-
tutions, to enable them to control and monitor the quality of energy efficiency
products and services.

Research on the potentials and impacts of green finance instruments is still in its
infancy. More evaluation of the few existing projects needs to be done e.g. on
households factual energy savings. More attention should be paid to potential
synergies with housing programs or to the role of utilities.
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Chapter 20
Demand Assessment of Solar
Electrification in Off-Grid Rural
Communities of Pakistan Through
Microfinancing of Solar Home Systems

Warda Ajaz and Hadley Taylor

Abstract The following paper documents the methodologies used and findings of
a demand assessment for microfinanced Solar Home Systems in rural households in
Pakistan. The purpose of the study was to design appropriate technology packages
and a financing scheme tailored to the energy needs and affordability of rural
households to facilitate a scale-up of the Pakistan Poverty Alleviation Fund’s off-
grid solar electrification program. A gender disaggregated, qualitative as well as
quantitative energy demand assessment was conducted in three districts i.e.
Chakwal, Khushab and Thatta, through household surveys and focus group dis-
cussions. Methodologies used to determine the energy needs, ability and willing-
ness to pay for a SHS is outlined. The results of the assessment allowed for a
targeted design of system sizing and packages as well as a tailored financing option
for the rural households. The paper moreover concludes that that introducing a
microfinanced SHS program in rural off-grid communities is highly demanded by
the rural, poor, off-grid residents, and has the opportunity to make a significant
environmental and social impact in the country.

Keywords Microfinance � Solar home system � Energy access
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Introduction

One of the biggest hurdles in sustainable development throughout the world is
addressing energy poverty. It is therefore, a well-established fact that any country
which wants to enhance the pace of sustainable development must first address the
constraints related to mass access to clean and affordable energy by the poor,
especially rural poor (Srivastava and Rahman 2006; Bhattacharyya 2006).

The premier and most important step in addressing the energy poverty in rural
areas is rural electrification. There are various reasons as to why rural electrification
is considered indispensable for addressing the rural energy needs; firstly, rural
electrification saves the need of using polluting lighting sources like kerosene oil,
hence reducing the indoor air pollution and improving health. Secondly, the use of
electrical appliances such as mobile phones or televisions enhance access to
information and knowledge (Buragohain 2012).

According to the International Energy Agency Statistics, around 1.44 billion
people across the world still live without access to electricity (IEA 2013; Palit and
Singh 2011). While providing grid electricity to such a large number of people seems
like an overwhelming feat, off-grid renewable electricity technologies like solar
home systems have shown a great potential for rural electrification in the developing
world (Urmee and Harries 2009; Mala et al. 2009; Cherni and Hill 2009; Chakrabarti
and Chakrabarti 2002). Various studies have proven that the use of SHS in rural
areas not only improves the socio-economic condition of the communities but also
reduces the environmental pollution (Wijayatunga and Attalage 2005; Mondal and
Klein 2011). Nevertheless, large scale Solar Home System rural electrification
programs require considerable financial resources which are generally hard to
mobilize in most developing countries (Sovacool 2013). Therefore, utilizing private
finance options seems like the only feasible option in the current scenario.

Pakistan is currently experiencing an ever-worsening electricity crisis. IEA
statistics reveal that currently, only 67 % population in Pakistan is connected to the
national grid, of which 93 % are located in urban areas (IEA 2013). Furthermore,
almost all the off-grid communities depend on mustard and kerosene oil for lighting
and more than 64 % rely on biomass for cooking (IEA 2013). This alarming
situation is contributing a great deal in receding the country’s economic growth and
it has therefore become need of the hour to address the issue of rural electrification
on a priority basis. Looking at the successful example of the SHS program initiated
by the Infrastructure Development Company Limited, in Bangladesh, the following
study sought to assess the feasibility of initiating a rural electrification scheme
through microfinanced SHS in Pakistan (Grameen Shakti 2014).

In this context, the Pakistan Poverty Alleviation Fund (PPAF)1 is implementing
a grant based village electrification program in off-grid rural communities. While

1 The Pakistan Poverty Alleviation Fund (PPAF) is an autonomous organization that aims to serve
the poor, marginalized and disadvantaged households across Pakistan by facilitating their access to
resources and opportunities.
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several thousand of such systems are currently in operation, PPAF is exploring the
feasibility of an exponential expansion of this program, using a microfinancing
mechanism for solar home systems (SHS).

For this purpose, the following demand assessment was conducted to assess the
feasibility and furthermore design SHS to be microfinanced through PPAF and its
Partner Organizations (POs).

This paper outlines the methodologies used in this study, discusses the results
and findings and presents the conclusions of this study regarding the possibility of
solar electrification in the off-grid rural areas of Pakistan through micro financing.

Research Objectives

The study was conducted with the following objectives:

1. To conduct a demand assessment for a rapid expansion of the on-going solar
electrification program by introducing SHS using microfinance, in off-grid rural
communities from three districts namely Chakwal, Khushab and Thatta, as
selected by PPAF.

2. Designing an appropriate SHS for the target communities, based on the results
of the demand assessment.

3. Designing an accompanying microloan based on the energy needs, ability and
willingness to pay of the target communities, as revealed by the demand
assessment.

4. Determine the demand for an SHS with the appropriately sized SHS packages
and end-user financing scheme.

Methods

In order to fulfill study research objectives, the methodology of sample survey
explained in Fig. 20.1 was used:

Fig. 20.1 The survey
methodology

20 Demand Assessment of Solar Electrification … 219



As a first step, random sampling technique was used to prepare an appropriate
sampling plan. The target Union Councils (UCs) in each district were selected after
consultation with PPAF’s POs working in the respective districts. In the Khushab
and Chakwal districts, the sampling locations were narrowed down to 4 UCs
located in these regions and then to 10 villages where 200 questionnaires were
conducted. In Thatta region, the sample size of 211 households was proportionally
distributed amongst the off-grid villages of target UCs.2

Subsequently, a through and detailed questionnaire was prepared using sec-
ondary data and inputs from sector experts including Energy, Microfinance, Gender
and Statistics. After finalization, the questionnaires was translated in Urdu language
for smooth administration on the rural population with little or no education. The
questionnaire was pre-tested before launching the actual survey. The pretesting
helped to make various changes in the questionnaire in the light of problems faced
during pre-testing.

The interviewers were then sent in the field for conducting household surveys
according to the sampling plan. Each of the interviewers was trained beforehand on
how to how to approach the respondents for each question through a specially
prepared Manual of Instructions.

Finally, Software Package for Social Sciences (SPSS) was used for data analysis
which was then formed a basis for SHS and accompanying Microloan designing.

Results

In order to appropriately design the SHS, and accompanying loan terms, it was
critical to determine the market demand for SHS in off-grid regions. To assess the
demand, MEI and PSD developed a household questionnaire and focus group
discussion (FGD) guideline to determine respondents’ energy needs, ability and
willingness to pay for a SHS through a microfinancing scheme.

Energy Needs

Without a grid connection, households are forced to find alternative solutions to
access energy. In many cases, households combine many sources to meet their basic
energy needs. For example, a household may use kerosene for lighting, charge their

2 Female enumerators were included in the teams of enumerators particularly to address female
respondents. Keeping in mind the difficulty in interviewing the female respondents which usually
arises due to the local customs and religious aspects, initially it was decided to cover minimum of
20 % female respondents in the target area. However, the competitiveness and hard work of the
female staff made it possible to cover 38.92 % female respondents in Chakwal, 42.65 % in
Khushab and 39.58 % in the Thatta district.
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mobile phone at a local shop, and listen to a radio run dry cell batteries. These
traditional fuels are not only damaging to the environment (and in many cases the
health of the users) but also are very expensive. It was found that almost all of the
surveyed population’s household energy needs could be replaced by a SHS with the
exception of cooking. Therefore fuels and appliances used for cooking were out of
scope of this study.

Lighting

The respondents of the survey stated that they mainly use lanterns (kerosene lamp),
or Chinese made torches to light their homes. Kerosene/mustard oil and dry cell
batteries are the prevalent energy sources for lanterns and torches respectively. The
percentage of households with respect to the lighting source being used is given in
Fig. 20.2 by district.

Appliances

The results reflected that the mobile phone is the most popular appliance in the
surveyed areas. Analysis showed that on average, 1.26 mobile phones, 0.14 fans,
0.07 TV and 0.13 radios per household are available. Figure 20.3 shows the per-
centage of households owning radio, TV, fan and mobile phone.

Furthermore, the respondents were asked which appliances they plan to buy in
the next 3 years, if given access to a reliable energy source. The responses, in order
of preference, were fans, TV, bulb/tube lights and Radio.

Fig. 20.2 Percentage of
households with respect to the
source of lighting used,
(multiple answers possible),
(Chakwal = 309,
Khushab = 263, Thatta = 197)
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Ability to Pay

The ability to pay for a SHS is determined by income characteristics, monthly
savings, decision-making power in the household and the current energy expen-
ditures and appliances that can be replaced by SHS.

Average Monthly Household Income

The results revealed that most of the surveyed households have a monthly income
of less than PKR 10,000. The detailed income dispersion in each district is given in
Fig. 20.4.

Fig. 20.3 Percentage of households with respect to availability of appliances, (multiple answers
possible), (Chakwal = 201, Khushab = 267, Thatta = 167)

Fig. 20.4 Number of households with respect to their average monthly income (N = 581,
Chakwal = 185, Khushab = 204, Thatta = 192)
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Sources of Income

A clear majority of respondents in Chakwal and Khushab stated that the primary
source of income in their household is agriculture. In Thatta however, labor was the
dominant source of income. The percentage of households with respect to their
primary source of income is given in Fig. 20.5.

Moreover, out of total 581 sampled households, 166 households reported that
there are other persons in the households working to earn money in addition to the
respondents/head of household. The source of this secondary income is described in
Fig. 20.6.

Due to the nature of income generation in the studied regions, the majority of
respondents either receive their income monthly (24 %), or seasonally (45 %).

Average Monthly Savings

Out of total surveyed households in Thatta district, 57 % reported that they are able
to save less than PKR 1,000/- per month. This is followed by 43 and 39 % in
Chakwal and Khushab respectively. Only 6 % in Khushab, 4 % in Thatta and 3 %
in Chakwal reported that their households are able to save above PKR 10,000 per
month (Table 20.1).

Fig. 20.5 Percentage of
households with respect to
their primary source of
income, (N = 581)

Fig. 20.6 Percentage of
households with respect to
their secondary source of
income, (N = 166)
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Current Energy Expenditures

Households spend significant proportions of their monthly income to meet their
most basic of energy needs through traditional fuels, and paying neighbors and
nearby shops to recharge their devices. The average household energy expenditure
was found to be PKR 589/- per month. On an overall basis 46 % of respondents are
spending PKR 827 per month on kerosene/mustard oil and 14 % are paying PKR
380 per month to recharge their appliances at a neighbor’s house or local shop. For
distribution of energy expenditures that can be replaced by a SHS, please see
Fig. 20.7.

Decision Making Power in the Household

Identification of the most appropriate target group is critical to develop marketing
and consumer awareness campaigns to support the scale-up of a microfinanced SHS
program. Respondents were asked who in the household decides on purchases
larger than PKR 5000. 94 % of respondents in Khushab, 91 % in Chakwal and
75 % in Thatta all responded that the “male head of household” is the decision
maker in this regard. As a general practice in Pakistan, authority on spending

Table 20.1 Average household monthly savings (%)

Average monthly
savings (PKR)

Chakwal (%) Khushab (%) Thatta (%) Total (%)

<1,000 43.24 39.22 57.29 46.47

1,000–4,000 20.00 23.53 15.10 19.62

4,000–8,000 7.03 12.25 4.17 7.92

8,000–10,000 2.70 4.41 1.56 2.93

>10,000 3.24 6.37 3.65 4.48

Don’t know 11.89 9.31 9.90 10.33

No response 11.89 4.90 8.33 8.26

Total 100.00 100.00 100.00 100.00

Fig. 20.7 Average monthly
energy expenditures in PKR
(Chakwal = 162,
Khushab = 160, Thatta = 118)
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belongs on the income generator, however in many cases, as was revealed during
the FGDs, the female head of household expresses her needs to the male head of
household, and he is then responsible for fulfilling this need.

Willingness to Pay

The questionnaire included the questions on respondents’ willingness to pay for a
SHS. Willingness to pay was assessed by evaluating perceptions about SHS,
expectations for national grid connection, as well as their desire to take out a
microloan to finance a SHS, if the opportunity were available.

Relationship to the National Grid

78 % households in Khushab, 73 % in Chakwal and around 29 % in Thatta reported
that they are not expecting to get an on-grid electricity connection in the near future.
Whereas 18 % households in Thatta district, 3 % in Khushab and only 1 % in
Chakwal district stated that they are expecting to get an electricity connection from
the national grid in the coming year.

Perceptions of SHS

Overall, 71 % respondents showed their willingness to buy a SHS. Results dissa-
gregated by district reflected a figure of around 93 % for Chakwal, 91 % for
Khushab and 76 % for Thatta. Moreover, the gender dissagregated analysis shows
that the percentage of men who were willing to purchase SHS is greater in all
districts as compared to women (Table 20.2).

Of those who did not show their willingness to buy a SHS, around 42 % of the
respondents stated the reason that it is too expensive. See Fig. 20.8 for the varia-
tions in answers.

Willingness to Microfinance a SHS

Furthermore, the respondents were asked if they would be willing to take a mi-
croloan to finance a SHS. The percentage of respondents who showed their will-
ingness is shown in Fig. 20.9.

Table 20.2 % of respondents
who would like to purchase a
SHS, (%), (N = 412)

Men (%) Women (%) Total (%)

Chakwal 59.15 33.54 92.68

Khushab 53.76 37.10 90.86

Thatta 47.50 28.33 75.83
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As can be seen, the ratio of respondents willing to take loan in Khushab is higher
than in the other two districts. The reason is that the PPAF PO responsible for the
region is already implementing a microfinance program for the purchase of SHS
and therefore the communities are fully sensitized. Chakwal, although slightly
below Khushab, also shows a high percentage of respondents willing to take mi-
croloan for purchase a SHS as the local PO is working very closely with the
communities. Although they are not providing microfinancing for SHS, the com-
munities are fully aware of the potential of solar energy. In Thatta, the communities
did not report any loan under any microfinance arrangement from their respective
PO or any other source. This is because in Thatta, local PO provides community
mini-grids for household clusters, and therefore the public perception about solar
energy is understood as a communal asset rather than that of the individual
household.

Overall, more than 72 % responded ‘yes’ to this question. Of those who stated
‘no’, the reasons are detailed in Fig. 20.10.

Analysis of gender disaggregated data depicts that out of total respondents in the
Chakwal district, 54 % men and 28 % women are interested in buying a SHS

Fig. 20.8 Percentage of respondents reporting different reasons for unwillingness to purchase a
SHS, disaggregated by gender, (N = 45)

Fig. 20.9 Percentage of respondents willing to take a microloan to finance a SHS, disaggregated
by gender, (N = 421)
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through a microloan against 8 % in each case of men and women who are not
interested in this arrangement. A similar picture is observed in the Khushab district,
while in the Thatta district, 40 % men and 14 % women are interested in buying a
SHS through microloan against 19 % men and 16 % women who are not interested
in taking microloan.

Discussion

Considering the results of the surveys and inputs from the communities during the
FGDs, it can be concluded that in these regions, SHS is highly demanded by off-
grid rural communities. However, due to low income levels in the region, the
technology is largely unaffordable to the population without a microfinancing
mechanism. In the following section, preliminary recommendations for imple-
mentation of a microfinanced SHS program in Pakistan are presented.

SHS Technical Design

The SHS should be designed for three distinctive categories of the clients to address
the heterogeneity in ability to pay and energy needs, as well as solar radiation and
housing conditions across rural Pakistan. Graduated system sizing will allow the
program to incorporate more segments of the off-grid population. For example, of
the respondents who already owned a SHS, limited generation capacity was the
most frequently cited reason for dissatisfaction with their system. While at the same
time, the majority of respondents had an income of less than PKR 10,000 per
month. Therefore, designing a range of SHS tailored to the energy needs of the
different income groups, from very small and affordable to the very poor market

Fig. 20.10 The reasons for
unwillingness to take
microloan for SHS
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segments, to a larger system to satisfy the energy demands of the less vulnerable
poor is recommended. By employing MEI’s SHS technical sizing methodology, as
well as a sensitivity analysis to price, and critical inputs from the household sur-
veys, the following SHS packages are recommended to be integrated into a mi-
crofinanced SHS program in rural off-grid regions in Pakistan (see Table 20.3).

In addition, to ensure that the SHS technical design incorporates women’s needs
in rural Pakistan, one detachable light should be included in all system packages for
two reasons:

1. The majority of respondents did not have an attached bathroom on their home.
As this can be a major safety concern for women after dark, a mobile light
would help mitigate this danger.

2. Most households surveyed had an outdoor kitchen, which keeps harmful smoke
inhalation to a minimum. A detachable light will help ensure that families do not
move their kitchens inside the home to make use of the light while cooking.

During the FGDs, the respondents expressed apprehensions with regard to the
quality of the equipment. They were worried that if the equipment stopped working,
they would be trapped into a repayment scheme for non-functioning hardware.
Therefore, quality products, proper warranty for replacement of all components,
adequate after-sales services and end-user training must be provided to maintain the
integrity of the program, and a sustained demand in the region.

SHS Loan Design

The end-user microfinancing scheme to accompany the SHS packages was tailored
to meet the needs of the respective income groups for which they were designed.
Sensitivity analyses were conducted when designing loans in a reiterative process
with SHS design, to achieve harmony between quality and affordability of SHS and
accompanying loan installments. Loan terms were designed in accordance to the

Table 20.3 SHS sizing and technical specifications

Solar panel (W) 40 65 100

Battery (Ah) 40 75 120

Functions Lighting, mobile
phone charging and
basic cooling

Lighting, mobile
phone charging and
cooling

Lighting, mobile phone
charging, cooling and
entertainment

Loads 3 × 3 W LED,
1 × USB charger,
1 × 6 W fan

4 × 3 W LED,
1 × USB charger,
1 × 15 W fan

5 × 3 W LED, 1 × USB
charger, 1 × 15 W fan,
1 × 24 W television

Total price
estimate (PKR)

25,170 39,495 57,340
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respondents’ ability to pay for energy access, in addition to utilizing the loan
framework currently employed by the PPAF and its POs, to allow an ease of
incorporation of the SHS packages into the financial portfolio of the POs.

Loans for the SHS should be distributed to the entire household through family
loans, as this is the loan type that the POs are most familiar with, utilizing social
collateral as the main form of guarantee. Also, since a SHS is used by all members
of the household, this formulation is most appropriate.

Loan period should be limited to 2 years, as it should not exceed the minimum
life of the battery included in the SHS. It is recommended to set the interest rate at
28 %, allowing the PO the maximum profit margin for financing the SHS. As
incorporating a renewable energy technology into an otherwise financial portfolio
can stress processes within the institution, and requires significant capacity building
for the loan officers, the maximum margin allowed under the PPAF financing
framework is recommended to incentivize the program at the PO level. Addition-
ally, a down payment of 20 % should be required upfront, to finance installation
costs of the SHS.

It is recommended that repayment schedules should be somewhat flexible to
incorporate the income characteristics of the many different income groups and
regional economies to incorporate more segments of the population. Therefore,
MEI designed repayment schemes with monthly, biannual and annual installments
to be negotiated between the client and the loan officer based on their income source
(Table 20.4). Biannual and annual installments were designed particularly to
incorporate the produce farmers and fisherman’s income frequencies as stated
during the demand assessment. A grace period is not needed for the SHS loan, as
energy savings are incurred immediately, by the eradication of traditional fuel
expenditures.

Overall, the methodology developed and used to determine the demand for
microfinanced SHS, while also collecting the data inputs needed to design the
technical specifications and SHS packages, in addition to a financial product proved
to be successful. In future however, the following lessons learned from the project
will be useful for further projects seeking to implement a microfinanced SHS
program for rural households:

1. Determine market segmentations prior to collecting data to ensure that all
segments are represent a statistically significant sample in relation to population
size

Table 20.4 Installments for SHS microloan displayed by SHS package and repayment scheme

40 W SHS package 65 W SHS package 100 W SHS package

Monthly
installments (PKR)

604 947 1375

Biannual
installments (PKR)

7764 12,397 18,263

Annual
installments (PKR)

16,334 26,081 38,421
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2. Data concerning energy and household spending as well as income is most
useful as absolute numbers rather than categorical data

3. Female enumerators and discussion groups are imperative to understanding a
women’s perspective, particularly in contexts wherein women’s decision mak-
ing power is low in the household

Overall the demand assessment is imperative to the design and success of an
electrification program, however, it must be noted that it is only one side to the
equation. For implementation a significant institutional assessment of the imple-
menting institutions and POs as well as an assessment of the supply environment
and need for capacity building is necessary to design successful frameworks and
processes that ensure financial viability and quality of a program. Only with all
these aspects considered, can a program be designed to facilitate rural electrification
at scale through microfinanced SHS.

Conclusions

The results of the demand assessment showed a significant awareness of the ben-
efits of a SHS, and demand for the systems. However, the main barrier to acquiring
such a system for the households was ability to pay upfront. Therefore, a micro-
financing scheme for SHS would achieve PPAF’s goal of a rapid scale-up of solar
electrification in Pakistan, ultimately alleviating energy poverty in the country, and
significantly improving the livelihoods of rural households. Based solely on the
results from the demand assessment and utilizing simple extrapolation from the
sample size, it is estimated that if the program is implemented at a national scale,
approximately 5.1 million rural households in rural Pakistan could electrify
themselves through such a scheme.
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Chapter 21
Scale Versus Substance? Lessons
from a Context-Responsive Approach
to Market-Based Stove Development
in Western Kenya

Temilade Sesan

Abstract Improved stoves targeted at the 2.6 billion people worldwide that use
solid biomass for cooking have not been taken up in the numbers expected by
donors and practitioners. Following widespread critique of the subsidy-based dis-
semination models popular in the 1970s and 1980s, donors have begun to
emphasise the potential of market-based models to increase stove adoption rates. In
analysing the USEPA project implemented by Practical Action in western Kenya,
this paper examines how a market-based approach has translated in the kind of
informal economy operated by many biomass-reliant communities. The paper
concludes that a context-responsive approach is likely to facilitate the dissemination
of locally appropriate interventions, but it may not always be compatible with
mainstream visions of large-scale stove deployment.

Keywords Improved stoves � Market-based development

Introduction

According to the most recent estimates given by the International Energy Agency,
2.6 billion people worldwide lack access to modern cooking fuels such as liquefied
petroleum gas and electricity, relying instead on the traditional use of solid biomass
fuels (fuelwood, charcoal, crop residue, animal dung) to meet their cooking and
heating needs (OECD/IEA 2013). ‘Traditional’ here refers not to the quality of
biomass fuels in themselves, but to the practices by which they are burnt in
‘inefficient’ open fires or ‘primitive’ stoves (World Bank 2011) by energy-poor
populations concentrated in developing economies in Africa, Asia and Latin
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America (OECD/IEA 2010). The widespread reliance on traditional biomass by
these populations—the majority of whom live on a subsistence basis or on very low
incomes in rural areas and are only partially engaged in the market economy
(Friedmann 1992; Kanagawa and Nakata 2007)—has been associated with health
and environmental hazards ranging from deforestation in the 1970s, to indoor air
pollution in the 1990s, to global warming and climate change more recently
(Sesan 2014).

For over four decades now, improved stoves have been promoted, mainly by
national governments and international organisations but also by local non-gov-
ernmental organisations, to address the various problems attributed to traditional
biomass reliance over the years (Foell et al. 2011; Shastri et al. 2002). Designed to
burn biomass fuels more cleanly and/or efficiently than traditional cooking devices
(Larson and Rosen 2002; Mahiri and Howorth 2001), improved stoves have been
widely promoted on the basis of a combination of health, environmental, resource
conservation, female empowerment and economic benefits they offer to individual
households and communities at large (Burki 2011; GACC 2011; Lee et al. 2013;
Lewis and Pattanayak 2012). However, notwithstanding the increasing sophisti-
cation and variety of the technologies promoted on improved stove programmes
(Kshirsagar and Kalamkar 2014; Quadir et al. 1995), the demonstrated potential of
those technologies to mitigate the negative impacts of traditional biomass use
(Smith-Siversten et al. 2009; Wilkinson et al. 2009), and the emergence of inno-
vative dissemination models especially aimed at ‘bottom of the pyramid’ popula-
tions (Chaurey et al. 2012), the rate of improved stove uptake by energy-poor
households has been perennially slow (Bailis et al. 2009; GACC 2011).

While there is little debate over the need to scale up the dissemination of improved
stoves s among poor households, there is a considerable degree of uncertainty in the
stove development field as to what would constitute an effective approach to scaling
up. Beginning in the 1980s, stove development organisations sought to facilitate
local acceptance and use of improved stoves by moving toward more context-
responsive forms of engagement with the populations at whom those interventions
were targeted. These notions of context-responsiveness were premised upon theories
of participatory development, which is conventionally represented as emerging out
of a recognition of the shortcomings of top-down development approaches, and is
credited with having the potential to give rise to more socially and technologically
appropriate solutions with greater probability of widespread adoption (Guijt and
Shah 1998; Schumacher 1993). Almost concurrently, generous subsidy regimes
were introduced to assist poor households with the costs of purchasing new improved
stoves, with the result that many households ended up acquiring the stoves at little no
cost to themselves (Barnes et al. 1994). However, households often proved unwilling
to purchase new stoves at full market value when their subsidised stoves fell into
disrepair, leading experts in the field to retrospectively denounce subsidy-based
dissemination models as having hindered the potential of many stove projects of the
period to continue unaided (Hanbar and Karve 2002).

Following the general criticisms levelled at subsidy-based approaches, major
funders of improved stove interventions have begun to emphasise market-based
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dissemination models (see for example Hoffman et al. 2005). Increasingly, stove
development organisations are subscribing to the ideology that the only way
improved cooking technologies can reach the millions of poor households that need
reaching is to adopt the practices associated with a fully functioning market system
of the kind found in rich countries. Indeed, very few voices of caution or dissent can
be heard today amidst the growing enthusiasm to establish market routes to scaling
up cooking interventions—voices, like Bailis et al. (2009) and O’Neal (2005),
which crucially reflect an understanding of the context of poverty in which most
stove interventions are implemented, rather than an unquestioning belief in the
‘power’ of the ‘market’ to provide appropriate solutions in all contexts.

The market movement in stove development was consolidated with the advent of
the United Nations Foundation-led Global Alliance for Clean Cookstoves (GACC)
in 2010 (Smith 2010). The GACC promotes the activities of institutionalised
market actors on the national and international scenes, but it also acknowledges the
role that local women in particular have to play in taking market-led solutions to the
last-mile customer (Hart and Smith n.d.). This latter function is especially important
in the context of the mostly informal economies in which solid biomass is widely
used. This paper discusses the potential of informal market models to deliver tar-
geted outcomes through the work of Practical Action, a UK-based international
non-governmental organisation that has implemented improved stove programmes
in Kenya since the mid-1980s. Practical Action’s stove programme, despite being
specifically targeted at poor and marginalised populations, has historically favoured
market-based dissemination approaches over the giving of subsidies and handouts.
Practical Action’s subscription to a market approach however seeks to take into
account the realities of the socio-economic contexts into which improved stoves are
introduced, in effect privileging the needs of the poor over the inflexibility of
market operations. The organisation employs a participatory approach in working
with local women’s groups to establish small-scale supply chains for improved
stoves in their communities. Using the case of the USEPA smoke alleviation project
implemented by the organisation in Kadibo, western Kenya from 2009 to 2010, the
paper describes some of the market development elements of the context-responsive
approach taken by the organisation to establishing stove enterprise groups and
discusses the outcomes for the poor households targeted by the programme. First,
though, the methods used in gathering the data presented will be briefly outlined.

Methods

Fieldwork for this study was carried out between November and December 2009
using qualitative methods, specifically semi-structured interviewing and non-par-
ticipant observation. Of the eight ‘locations’ within Kadibo division that were
involved in the USEPA project, I was only able to gain access to one—West
Kochieng—due to time and resource constraints which Schatzman and Strauss
(1973) identify as having the potential to restrict the researcher’s access in the field.
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The sample size was restricted to twenty-one—not sufficiently large to elicit
generalisable observations, but small enough to facilitate in-depth analysis of the
interview data generated.

Interviews were conducted across three actor categories, as follows: three
Practical Action staff (4 interviews); two project community authorities (2 inter-
views); and thirteen local energy users (15 interviews, four of which were with
members of the only stove enterprise group in West Kochieng involved in the
project at the time of fieldwork). Access to the local energy users was negotiated by
the aforementioned Practical Action staff, with whom I had established email
contact prior to going into the field.

In addition to membership (or otherwise) of the stove enterprise group, the local
energy users in the sample were selected on the basis of their adoption (or other-
wise) of the improved cooking interventions introduced by the USEPA project. As
such, four different sub-categories of local energy user emerged: stove enterprise
group members that had adopted at least one of the six interventions promoted on
the project; group members that had not adopted any of the interventions; non-
group members that had adopted at least one of the interventions; and non-group
members that had not adopted any of the interventions. This multi-faceted sample
structure afforded insight into both the demand and supply-side dynamics of the
project in West Kochieng, though the lessons drawn out in this paper relate mostly
to the latter. The Practical Action staff interviewed were selected on the basis of
organisational hierarchy (for instance, the sample included a senior member of staff
with a good overview of the organisation’s stove programme in the region) and
degree of involvement in field implementation of the USEPA project. The questions
asked varied across the different respondent categories: the interviews with Practical
Action staff focused on project implementation processes and outcomes relative to
specified targets; those with community authorities discussed their role in facili-
tating links between local stove enterprise groups and external organisations such as
Practical Action; while the interviews with local energy users explored issues
relating to stove adoption decisions, group membership and identity, project
participation, and household priorities.

All but one of the interviews with local energy users were with women, as they
were the main focus of Practical Action’s intervention in the region. A typical
interview took place in a woman’s household and lasted about an hour when it was
not planned ahead to coincide with food preparation times. Five interviews were
scheduled to take place around the time that each of the women planned to cook
either breakfast or lunch on prearranged days. This strategy was employed to enable
firsthand observation of the way that the women organised and performed their
everyday cooking tasks using various stove technologies, both traditional and
improved. When making appointments for these ‘fireside interviews’, I arranged to
arrive at the households about an hour prior to the commencement of food prep-
aration. The aim was to allow some time to build a level of rapport with each
interviewee, so as to establish common ground for conversation and make the
women more comfortable with opening up their private domain to an outsider.
These informal opening conversations would continue in the kitchen area
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throughout the duration of food preparation, which ranged from about 25 min to an
hour. When ‘hanging around’ in this way, I usually offered to help the women with
tasks I could manage in the hope of mitigating the observer effect on the situation.
This degree of immersion in the women’s day-to-day affairs facilitated observation
of naturally occurring clues that shed further light on the investigation and provided
context for interpreting interview data (q.v. Kvale 1996). The detailed field notes
taken during and after each interview/observation session later provided a starting
point for coding the data gathered as well as an ongoing reference point during
analysis of those data.

My conduct of interviews and observations in the privacy of individual house-
holds required sensitivity to the kind of behaviour that was expected of a visitor in
different circumstances. This not only enhanced my level of acceptance in the project
community but also ensured that local energy users were able to participate in the
research on their own terms. Nonetheless, my status as educated, urban, and middle-
class firmly located me as an outsider relative to the informants. In these situations,
the existence of a power differential was evident between the researcher and the
researched (Wolf 1996) which posed a challenge to field interactions. It is possible
that the interviewees felt a need to impress with their responses, as a way of com-
pensating for the differences in socio-economic standing between them and the
researcher; however, many of the women took the opportunity to voice their aspi-
rations to a fellow female; aspirations which may have been more difficult to unearth
by a researcher of the opposite gender perceived as belonging on the ‘other’ side
with the men in the community. The wide gap between these women’s ambitions—
such as an oft-expressed desire to complete formal education—and their lived
realities, aspects of which are discussed in the following section, provided a basis for
understanding the significance of the USEPA project in the context.

The USEPA Smoke Alleviation Project

In January 2009, Practical Action commissioned a two-year project to develop
market systems for the dissemination of six improved cooking interventions—the
Upesi stove, the fireless cooker, the solar cookit, the smoke hood, the liquefied
petroleum gas (LPG) stove, and eaves spaces—in western Kenya (Interview
Practical Action Staff 1). The project was christened the USEPA project after the
donor organisation, the United States Environmental Protection Agency, which
funded its implementation. Under the USEPA project, stove enterprise groups
mostly acted as retailers and installers of the improved cooking interventions;
production, mainly of fireless cookers out of locally available materials, was limited
to a few women within the groups. This section goes on to describe the form that
the project took in West Kochieng where fieldwork was conducted, but first outlines
some of the peculiarities of the informal economy in the location to provide context
for the discussion that follows.
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A Different Kind of Marketplace

West Kochieng is situated in Nyanza province, which is one of 8 administrative
provinces in Kenya and home to the Luo people, who constitute the third largest
ethnic group in the country. The Luo are a close-knit people who live communally:
the unit of spatial demarcation is not the household, but the ‘homestead’ which
comprises several individual homes—occupied by extended family members—
arranged around an open courtyard. The Luo, particularly those who reside in rural
areas, attach great significance to the observance of tradition and custom, eschewal
of which would cause an individual/household to be regarded by society as an
outcast. The influence of culture is all-pervasive, touching on every area of indi-
vidual and communal life, from living and cooking arrangements to hospitality
codes to the attribution of gender roles.

In particular, women are culturally assigned a subordinate position to men in the
region. This is a reality that is reflected even in the routine of everyday life: in the
absence of her husband, for instance, a woman is expected to simply tell visitors
who come knocking that ‘no one’ is at home, a response which tacitly discounts her
own existence as an individual. In the absence of broader societal affirmation,
women typically band together in groups of fifteen to twenty ‘to uplift one another
as members’ (Interview West Kochieng Resident 1) both socially and economi-
cally, oftentimes via the platform of cooperative savings or ‘merry-go-round’
schemes. In adopting these women’s groups as the focal point for its stove inter-
vention in West Kochieng, Practical Action is in effect operating within the
boundaries prescribed for women by culture while seeking to empower them socio-
economically so they gain a measure of influence as providers and users of
improved cooking technologies.

Similarly, the effect of tradition on market exchanges in West Kochieng is very
significant. I observed in the course of fieldwork that some of the traditional and
time-honoured practices valued by people in the community would be considered
as violating the modern economic norms of commoditisation and profit maximi-
sation. A good example is the way that land is appropriated for building and
farming purposes. Empty structures belonging to dead people are retained as they
are, rather than being sold off or turned over to more ‘lucrative’ purposes. In fertile
areas, individual shambas, or farm plots, grow progressively smaller as land is
divided and re-divided among however many sons are born into the household.
Smaller farm plots definitely mean a decrease in individual farm yield, yet family
land is divided as many times as is necessary because that is the way prescribed by
tradition. As such, the widely proclaimed ‘efficiencies’ of a modern market system
do not come into play in this context. For instance, according to the women who
run stove enterprises in West Kochieng, conventional marketing and advertising
tactics such as the use of ‘memorable’ radio jingles as suggested by Brewis (2005)
are not very effective in reaching prospective customers. The women understand
that their peers in the community respond better to more personalised forms of
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advertising such as one-on-one marketing and public demonstrations, and they
respond accordingly:

‘Advertising on the radio would help, but the more effective one is, bring it to the market and
to public barazas… Because some people who have never heard about it don’t believe…
So when they demonstrate, the people are actually ready to wait and see. And when they see
that, then they actually buy and some will say, ‘okay, I’ll give you the deposit’… So the
direct marketing has really helped.’ (Interview West Kochieng Resident 2)

Besides the market and community barazas, other popular demonstration outlets
for stoves include schools and churches—places where community members gather
for social purposes not normally associated with buying and selling. Though sales
and marketing of interventions are done individually, the burden of advertising is
sometimes shared among members of a stove enterprise group.

Credit management is another aspect of this marketplace that has been modified
to fit the requirements of local enterprise. According to the stove enterprise group
members interviewed, the credit models which have been proven to work best are
those that harness the power of the group. Such schemes rest on the principle that
members who take out individual loans will hesitate to default on repayments
because they are accountable to their fellow group members, which is often the
case. However, the peculiar challenges of living on low incomes in rural areas can
sometimes undermine that premise: according to Practical Action Staff 1, a woman
may take a loan for the purpose of expanding her small business, but the moment an
emergency shows up in the form of a sick or hungry child, she promptly diverts the
funds to healthcare or food as the case may be. The relatively flexible credit
provisions of this marketplace, though not conducive to a conventional profit-
maximising enterprise model, are essential to the viability of market-based inter-
ventions seeking to improve aspects of residents’ livelihoods.

Context-Responsive Stove Market Development
in West Kochieng

It is against this background that the USEPA project set out to provide local women
with start-up support to enable the stove enterprises they initiated to eventually take
off unaided. By November 2009 when fieldwork for this study was conducted, the
project was only assisting stove retailers with making financial and logistical
arrangements for bulk stove purchase. From the point of delivery of the stoves, each
woman was expected to find her own buyers, sell the stoves without assistance from
the project, take out her profit, and give the capital back to the project towards the
purchase of another batch of stoves. The women were not required to pay at the
point of collection of the stoves, but only after they had sold the stoves and realised
a profit. This system was adopted to circumvent the women’s inability to gain
access to adequate start-up capital. At the time of fieldwork, the possibility of
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facilitating access to capital through the channel of village savings and loans
schemes was already being explored:

‘But now the locations that we have started working in, we have now created 6 groups, and
these groups have currently started what is called… village savings and loans. And so when
they raise money here, we are trying to talk to them, that when their loans get to the level that
they can get 100 stoves by themselves, we will leave that. They get 100 stoves, and they
come and sell. So it becomes like revolving for them.’ (Interview Practical Action Staff 1)

Such community savings and loan schemes—succinctly referred to as ‘COSALO’
in the localities where they operate—are usually initiated by development agencies
working to improve different aspects of livelihoods, and they appear to be gaining
widespread acceptance in Kadibo division as a whole. The loan amounts that can be
taken out by individuals are usually proportional to the value of their contribution to
the fund. A small interest rate is usually applied which constitutes the main source of
income for the group and goes towards building up the group capital. Practical Action
expects that the COSALO scheme will contribute to resolving the challenge of
limited access to capital present at all levels of the local stove distribution chain.

According to one scenario laid out by Practical Action staff, if 10 group
members take loans of 2,000 Kenyan shillings (Kshs) each and pool their individual
sums together, with the bulk sum they can arrange for purchase and delivery of a
batch of 100 stoves. When the stoves are delivered, each woman collects her quota
and, as usual, conducts the marketing and sales by herself. The potential challenge
with this model, however, is that the COSALO platform is purely transactional and
members are free to use their loans to pursue any commercial activity as long as
they can repay. As such, there is no guarantee of getting up to 10 women who will
be willing to invest their capital in stoves at any given time. The observations I
made in the course of fieldwork, as well as conversations I had with women running
stove enterprises, indicate that access to credit/capital is highly valued in West
Kochieng. However, these facilities are often sought for the purpose of initiating or
expanding a range of micro-businesses that may not be related to stove enterprise.
Thus in attempting to persuade COSALO group members to invest their resources
in stove enterprise, Practical Action seeks to influence priorities on the supply side.

This may be particularly difficult to achieve as only a few group members, some
of whom are seen by their peers as the stove ‘experts’, rely on stove enterprise as
their main or only source of income. Although stove businesses offer higher profit
margins than most local micro-businesses do, many women in West Kochieng
stated that they found it difficult to establish the market links required to derive a
steady income out of the enterprise. This indicates that, even where formal or
informal credit platforms have been introduced, the entry barriers to stove enterprise
need to be further lowered for many local women by offering them training in ‘soft’
skills such as networking and marketing. In addition, such women will likely
require longer-term donor support—both financial and logistical—for their fledg-
ling businesses than is normally allowed for in programme design, an argument
made more generally by Bailis et al. (2009) in their critical assessment of the
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current market orthodoxy in stove development. The next section summarises the
opportunities and limitations of the context-responsive approach to stove market
development exemplified by Practical Action’s intervention in West Kochieng.

Discussion and Conclusions

‘There are gross inequalities which continue to grow, and that sometimes we leave in
healthy tension. Using the case of improved stoves, I don’t know if you’ve heard of any
improved stoves programme that was 100 percent successful. I would say that for two
households willing to take up improved stoves, there are six households for whom survival
is more key than environmental issues… you’d wonder, India has been the home to a great
number of stoves programmes. How come we still have more initiatives going on?’
(Interview Practical Action Staff 2)

This paper began by discussing how, in spite of a proliferation of improved stove
programmes in developing countries and the promise that increasingly sophisticated
interventions hold to significantly improve cooking and living conditions in energy-
poor households, those interventions have achieved much lower dissemination rates
among target populations than originally envisaged by enthusiastic stove promoters.
It is against this background that stove dissemination models have been continu-
ously reviewed and refined over the years, with a current global emphasis on
harnessing market platforms toward the goal of achieving scale, largely defined in
quantitative terms.

In particular, the paper highlighted Practical Action’s attempts to develop local
improved stove supply chains in informal economies within western Kenya through
its USEPA project. Practical Action’s approach to stove development in western
Kenya was shown to demonstrate an appreciable degree of sensitivity to the sig-
nificance of non-technical networks in technology dissemination as well as an
awareness of the contingency of the local context in which it was operating. The
organisation’s strategy, while premised on the use of market tools in the empow-
erment of marginalised groups of energy users, privileged a bottom-up approach
which did not give primacy to those tools but started from the realities of local
people. Nonetheless, in narrowly promoting access to credit for an enterprise that
many women in West Kochieng could not prioritise without them addressing other
barriers to substantive participation embedded in their everyday experiences, it
would appear that the organisation did not fully recognise the limitations of its own
strategy in the context. Indeed, the responses of the women to the community
savings and loan scheme as structured by Practical Action suggest that the notion of
a transfer of priorities from stove development organisations to local energy users
may be a problematic one, as poor people’s lived realities often dictate a different
set of priorities than those prescribed by well-meaning outsiders.

Still, Practical Action’s attempt at a context-responsive approach enabled a
degree of engagement with the economic realities of the context and facilitated the
uptake of some improved cooking technologies by poor biomass-reliant households
with peculiar marketing needs. The merits of using local women as the main actors
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in stove enterprise are evident in this case: apart from empowering otherwise
marginalised women socio-economically, the final costs of the improved technol-
ogies to users turned out to be highly sensitive to local incomes. The Upesi stove
liners, for instance, produced, marketed and sold by members of various women’s
groups in western Kenya, are the least expensive of the technologies introduced by
the USEPA project at 350 Kshs. Fireless cookers, also made and sold locally by the
women, are available on the market at an average cost of 900 Kshs. The smoke
hood on the other hand, which is manufactured and installed by city-based artisans
and meant to be used in conjunction with the Upesi stove, comes at a final cost of
5,500 Kshs—fifteen times as expensive as the Upesi and the equivalent of
2 months’ wages in West Kochieng. The result is that the Upesi stove was the most
widely adopted technology in the sample—taken up by 7 of 13 households—while
the smoke hood, present in only one relatively affluent household, was one of the
least accessible of the technologies promoted. As such, Practical Action’s approach
resulted in a greater likelihood of its most participatorily developed interventions
being directed toward local energy users at or near the base of the income pyramid.

The lessons offered by this case are especially pertinent in the current phase of
stove development when, as noted earlier, a near-consensus has been achieved on
the desirability of adopting market strategies over dissemination approaches which
incorporate subsidy elements, on the basis that the former route is more financially
sustainable over the long term and is potentially more value-adding than the latter.
As has been shown, Practical Action’s context-responsive approach to market
development required the organisation to operate within the provisions of the
‘economy of affection’ (Hyden 1980) in West Kochieng. The provisions within the
community for certain ‘market’ functions such as advertising and credit arrange-
ments were seen to deviate from the rational, profit-maximising norms of formal
markets. Those informal provisions have, however, been critical to sustaining the
local market for improved stoves. Where the approach needs further strengthening
is in the provision of complementary skills and sustained donor support that will
better equip local women to take advantage of the market platforms that have been
adapted to fit their context.

Notwithstanding the potential for impact demonstrated by Practical Action’s
context-responsive approach to market dissemination, such approaches may not
always be compatible with mainstream visions of ‘scaling up’ which emphasise
universal reach and access of, sometimes, ‘efficient’ stove technologies which are
developed out of context and which therefore may not be economically or culturally
appropriate. Though Practical Action’s context-responsive approach resulted in
low-cost and culturally appropriate interventions such as the Upesi stove being
directed toward local users on the lowest rungs of the energy ladder, progress has
been achieved slowly and incrementally (Sesan 2012). With respect to alleviating
energy poverty among biomass-reliant households, therefore, the outcomes of the
context-responsive approach to market-based stove dissemination taken by Prac-
tical Action suggest the possibility of a trade-off between scale and impact on stove
programmes specifically directed at the poorest energy users: such an approach may
yield small scale but is likely to have high impact, which means that it is better able
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to reach the neediest households with technologies they can afford, even if the
benefits derived from those technologies are only incremental. Indeed, several
examples are now emerging in the literature of market-led stove programmes that
are on their way to achieving significant scale while leaving out the poorest
households (q.v. Sesan et al. 2013; Shrimali et al. 2011).

On the basis of the findings presented here alone, it would seem that Westhoff’s
(1995) assertion that the context-responsive approaches espoused by participatory
development proponents from the 1980s onward have facilitated the identification
of more appropriate technologies and dissemination models has been borne out to
an extent. An important caveat to note, however, is that the ultimate success of a
stove programme cannot be measured in terms of the appropriateness of the tech-
nology or rates of dissemination, but—in keeping with alternative views of
development which support subjective interpretations of the ideal—in terms of the
degree to which it reflects and enhances the priorities of local energy users. In other
words, context-responsive approaches to stove development need to be employed
more for the freedom they afford energy-poor households to input their priorities
into decision-making processes on the global development scene than for the
potential they hold to facilitate the realisation of pre-set project priorities. Perhaps
the greatest challenge for stove development experts in this phase will be to balance
the goal of getting the poorest to participate substantively in the burgeoning global
stove market with ensuring that such people are able do so on their own, context-
specific terms.
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Chapter 22
How Big is Small? Enough to not Breathe
Oil!

The Peruvian Case of Diesel-Fuelled Wick
Lamps for Lighting

Angel Verástegui Gubler and Verónica Pilco Mamani

Abstract Health risks due to indoor air pollution (IAP) from inefficient domestic
burning processes for cooking or lighting are not breaking news. But the presence
of high levels of sulfur dioxide in burnt wood emissions from traditional cook-
stoves; its remaining high levels in the air after two hours from turning off the
source; and the fact that this gets even worse with an oil-fuelled wick lamp that
pollutes almost the same as a second traditional cookstove in the same room for at
least one hour each day for 20 % of the world’s population, perhaps are. This paper
shows first evidence from Peru’s rural context in the simultaneous lack of modern
energy devices for lighting and cooking.

Keywords Sulfur dioxide � Indoor air pollution � Diesel wick lamp

Introduction

Worldwide there are about 1400 million people without access to electricity (OECD
2010). Of these, it is estimated that 500 million people still use fossil fuels, among
them mainly kerosene, to produce light (Lam et al. 2012a, b).

In Peru, about three million people lack access to electricity (MEM 2011).
Unlike in other countries, in Peru no one is using kerosene-fuelled wick lamps
because kerosene has been banned by law since 2010, since it is used in the
production of illegal drugs (narcotics). However, there are many families in rural
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areas of the rainforest which have replaced kerosene with diesel, using it as fuel for
wick lamps.

In addition, almost all families using wick lamps cook in open fires (traditional
stoves). The negative impact of traditional stoves in open fires has long been
researched (Fullerton et al. 2008; Smith et al. 2004); however, there is no evidence
about the exposure to both indoor air pollutants at the same time.

The smoke from diesel combustion contains many chemical components in the
form of gas or ultrafine particle emissions (particulate matter, black carbon, etc.).

Resulting products from these emissions are carbon dioxide (CO2), carbon
monoxide (CO), sulfur dioxide (SO2) and mono nitrogen oxides (NOx) (Morawska
et al. 2004). The International Agency for Research on Cancer (WHO—Organiz-
ación Panamericana de la Salud 2013) classified engine diesel exhaust as carcin-
ogenic to humans.

The risk is much higher with fuel combustion in wick lamps, since one tenth of
the fuel burned is converted to black carbon, compared to a diesel engine where this
relation represents only one-thousandth (Jacobson et al. 2013). In addition there is
some evidence that indoor pollutants from fuel-based lamps may have a correlation
with cataracts and tuberculosis, but this requires further study (Mills 2012).

Research Objectives

This paper aims to study exposure levels to the polluting gases produced by diesel-
fuelled wick lamps (DFWL), and to the levels from its simultaneous use with wood
burning traditional cooking stoves. The first research question was to discover if the
use of DFWL results in dangerous exposure levels of the same dangerous gases that
traditional cookstoves produce, mainly particular matter 2.5 (PM2.5) and carbon
monoxide (CO).

In addition, it was tested if the concentration levels of sulfur dioxide (SO2) are
higher than those recommended by the World Health Organization (WHO) as the
highest exposure limits.1 The focus on sulfur dioxide responds to the concern about
the high level of sulfur that Peruvian diesel has, one of the highest in Latin America
as Fig. 22.1 shows.

According to the Peruvian Environment Ministry (MINAM 2013), the high
content of sulfur in diesel is responsible for an increase in the last three years of SO2

levels in the air by nearly 500 % in the Peruvian capital Lima. The last occurred by
stable levels of nitrogen dioxide NO2 and ozone O3 in the same time period.

The last research question was to measure the emission levels of these three
gases from DFWL in simultaneous use with a traditional cookstove (3-stone-fire),
and to evaluate its remaining levels over time after turning off the sources.

1 SO2 is one of the most common air pollutants according to the WHO beneath PM2.5, nitrogen
dioxide (NO2) and ozone (O3).
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The measure of carbon dioxide (CO2) was only for discovering if there are any
health implications regarding its emissions levels in the discussion around IAP,
since it wasn´t recorded in Peruvian traditional stove tests.

Methods

Two DFWL with different types of wick (Type A: cotton and Type B: old cloth)
were collected from households in two different towns in the Amazon area (the
provinces San Martín and Amazonas, respectively) and used as polluting sources.
Tests were conducted on indoor air pollutant concentration levels of dangerous
gases (PM2.5, CO, SO2 and carbon dioxide CO2), resulting from the burning of
these two types of DFWL with diesel fuel.

The equipment used for measuring PM2.5 and CO was the Aprovecho IAP-
Meter with resolutions of 0–60,000 µg/m3 (red laser scattering photometer) and
0–1000 ppm (electrochemical cell) respectively. For SO2 and CO2, Aeroqual was
used with resolutions of 0–15 ppm (Gas Sensitive Electrochemical—GSE Sensor)
and 0–5000 ppm (Non dispersive Infra Red—NDIR Sensor) respectively. Both
devices were calibrated in December 2011 for the last time.

The equipment belongs to Housing Ministry’s improved cookstove certification
laboratory in Lima, where these tests were conducted. The equipment was located in
the room in a simulated position of a regular nose of a typical user, following con-
ventional protocols used for testing cookstoves (Aprovecho Research Center 2014).

The environment chosen had a ventilation rate of 4.29 h-1, which was deter-
mined with the window and door closed, as recommended by the new protocol for
IWA (International Workshop Agreement GACC 2012) on improved stoves.

During the trials for each type of test, it was intended to homogenize some
variables such as:

• initial background measure of all tested gases (30 min) for setting a baseline of
concentrations in the room;

Fig. 22.1 Diesel fuel sulfur
levels: global status (UNEP
2012)
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• length of the DFWL test; both types of DFWL A and B were evaluated for 3.5 h
burning time each day on 3 consecutive days during similar hours respectively
(D1–D6 for days 1 until 6);

• Similarly, during days D7–D9, the exposure levels of the traditional stove were
evaluated in the mornings alone, and, in the afternoons, simultaneous with the
burning of the most polluting DFWL according to the results of tests on D1–D6
(type A). The duration of both tests was 1 h;

• after turning off the sources, measure equipment remained recording concen-
tration levels for two hours to evaluate the dispersion speed of the gases;

• infrastructure; the laboratory for IAP imitates a rural house made of typical
material and dimensions for walls and roof (mud bricks and corrugated iron);

• same characteristics of diesel and firewood for all tests; the laboratory’s fire-
wood is standardized for stove tests regarding humidity, wood type and origin;

• technical evaluator; same person for all tests with prior experience in stove
evaluations; and

• the approximate level of light emitted by the DFWL; the lighting level should
remain constant Durant the tests, so the evaluator pulled the wick during the
tests for keeping its light constant).

To control the environmental variables that could influence the results of the
tests, the Davis Vantage Pro Weather Station was used. This equipment took values
for inner temperature of the room (°C), relative humidity (%), wind speed (m/s) and
solar radiation (W/m2). Average values of these units during the evaluation days
can be seen on Table 22.1.

The results on concentrations levels of these gases should be compared to the
recommended highest exposure levels made by WHO (PM2.5, SO2 and CO) and by
the Occupational Safety and Health Administration (OSHA, CO2) respectively.
These levels can be seen on Table 22.2.

Results

The DFWL type A showed in all tests the highest concentration of gases. This
DFWL showed the highest fuel consumption with an average of 101 g of diesel
versus 55 g for 3.5 h burning with DFWL type B respectively. All the results listed
below are taken from the tests conducted with DFWL type A.

The average PM2.5 levels of the most polluting DFWL was around 10,435 µg/m3

with peaks nearly 30,000 µg/m3. Figure 22.2 shows PM2.5 concentration levels for
the three days of measurement and its average for DFWL A.

This concentration of PM2.5 particles reaches approximately 60 % of the
emission levels of a traditional cookstove as the only pollution source, which
showed average levels of 14,841 µg/m3 and peaks near 35,000 µg/m3 in this
research. The levels of PM2.5 for a traditional cookstove as the only pollutant on
D7–D9 and its average can be seen in Fig. 22.3.
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Table 22.1 Average values of environmental variables during evaluation days

Average values D1–D3 D4–D6 D7–D9

Inner temperature (°C) 32.9 ± 0.4 32.5 ± 1 41.9 ± 1.8

Relative humidity (%) 56 ± 0.6 54.7 ± 2.1 42.7 ± 2.0

Wind speed (m/s) 1.2 ± 0.3 1.3 ± 0.1 1.2 ± 0.2

Solar radiation (W/m2) 578.9 ± 53.9 593.3 ± 56.5 476.4 ± 49.5

Table 22.2 Recommended exposure levels

Air pollutant Exposure time Recommended level (ppm) Institution

SO2 10 min 0.17 ppm WHO

24 h 0.007 ppm WHO

PM2.5 24 h 25 µg/m3 WHO

365 days 10 µg/m3 WHO

CO 30 min 50 ppm WHO

1 h 25 ppm WHO

CO2 15 min 30,000 ppm OSHA

8 h 1000 ppm OSHA

Fig. 22.2 Exposure levels of
SO2 for D1–D3 for DFWL A

Fig. 22.3 Exposure levels of
PM2.5 for traditional stove for
D7–D9 for DFWL A
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The tests with the same DFWL showed that the average concentration of SO2

emitted after the first 10 min of burning was 1.1 ppm, exceeding almost up to seven
times the limit allowed by the WHO for 10 min exposure of 0.17 ppm. There were
peaks over 3 ppm. Figure 22.4 shows the exposures levels for SO2 taken on D1–D3
and its average.

The concentrations of CO and CO2 from both DFWL didn’t show risky levels
with 4.8 and 136.4 ppm in average for the worse results with DFWL A respectively.
This can be seen on the curves for both gases with DFWL A for D1–D3 in
Figs. 22.5 and 22.6.

Fig. 22.4 Exposure levels of
SO2 for DFWL A on D1–D3

Fig. 22.5 Exposure levels of
CO for DFWL A on D1–D3

Fig. 22.6 Exposure levels of
CO2 for DFWL A on D1–D3
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Levels for CO and CO2 only with the traditional stove as a pollution source
show higher levels than recommended for CO (379 ppm in average) and lower
levels for CO2 (1,464 ppm in average). The higher levels for CO are already known
from the cookstoves research and those for CO2 are lower as recommended even
with the DFWL A as a second pollution source (664.8 ppm in average).

However the use of the DFWL A simultaneously with a traditional stove
regarding PM2.5 showed an average level of 19,285 µg/m3 (with peaks over
43,000 µg/m3) having an average increase of nearly 30 % from the values with a
traditional cookstove as the only pollutant. The evolution of the exposure levels of
PM2.5 on D7–D9 with both burning sources can be seen in Fig. 22.7.

An unexpected result was observed in that a traditional cookstove, as the only
source of pollution, reaches levels of sulfur dioxide SO2 far exceeding the per-
missible exposure values from various organizations, such as the WHO. SO2 is not
a typical gas taken into account in typical cookstove emission tests.

The intensity of this emissions were so high that they even exceed the maximum
possible measurement levels of the instruments (>15 ppm), hence the concentration
levels during the full test couldn’t be monitored properly for both cases (DFWL
alone 14 ppm and in addition with a traditional cookstove 11.52 ppm in average
respectively). The disrupted evolution of SO2 on D7–D9 for the case of simulta-
neous pollution can be seen in Fig. 22.8.

Fig. 22.7 Exposure levels of
PM2.5 for DFWL A on
D7–D9 with a traditional
cookstove

Fig. 22.8 Exposure levels of
SO2 for DFWL A on D7–D9
with a traditional cookstove
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SO2 emission speeds of 0.5 and 1.5 ppm/min with DFWL A alone and with both
polluting sources respectively could be observed. In addition one hour after having
turned off both polluting sources, still remain in the room higher levels of SO2 as
recommended by the WHO. This can be seen in a zoomed picture of previous
figure, that is shown on Fig. 22.9.

Conclusions

The evaluated DFWL are less polluting than traditional cookstoves taking into
account the exposure levels measured for the pollution from the traditional stove
alone in this study for PM2.5 and CO. Carbon monoxide emissions do not exceed
the recommended exposure levels. However these values for particulate matter
represent around 60 % of the measure taken for the traditional cookstove.

This could be a serious problem, since both traditional devices exceed by far the
exposure limits recommended by WHO and are commonly used simultaneously in
rural households. This finding could set an additional challenge to improved
cooking stove (ICS) programs, since the usage of ICS alone wouldn’t be enough for
those households using in addition DFWL.

In addition both tested DFWLs seem to exceed during the whole burning process
the recommended exposure levels of SO2 by the WHO for 10 min. There isn’t a
value for one hour exposure time, but it would be much lower than the 10 min one,
making clearer the scope of health impacts by the normal usage of DFWL.

Unexpected results were SO2 emissions from the traditional cookstove above the
recommended exposure levels (when burning alone and simultaneous with a
DFWL). These values were higher than the equipment measure capacity and rep-
resenting at least ten times the values from the DFWL alone. Traditional ICS tests
could open the research for SO2, since it could be an invisible pollutant in the actual
efforts for reducing IAP.

The CO2 emission levels remained by far under the exposure limits recom-
mended by OSHA.

Fig. 22.9 Remaining
exposure levels of SO2 after
turning off both pollution
sources on D7–D9
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Discussion

This study invites further research on indoor air pollution, taking into consideration
sulfur dioxide SO2 and its health implications, either through DFWL or traditional
cooking stoves. It is recommended to test other typical diesel burning gases like
nitrogen dioxide and evaluate its implications on health comparing results with
WHO air quality guidelines.

Furthermore it is suggested that more traditional DFWL are collected from the
field and tested with the same methodology so there can be enough evidenced data
that serves as consistent basis for a baseline of the pollution from these devices,
since they are all different among each other. When this is reached, it is suggested to
carry out evaluations with one representative type of DFWL and play with other
variables like different types of carburant agents (wicks) since it has been observed
that different varieties of wicks emit larger or smaller amounts of fine particles.

The tests performed have also shown the existence of high levels of SO2, emitted
only by wood burning stoves. For this reason, it is suggested to consider the levels
of SO2 emitted during combustion when validating improved stoves.

In the absence of complete simultaneous measurement of pollutants during the
tests on DFWL and traditional stoves, it is suggested to perform this test with
equipment that allows for a wider range of measurement and records other pollu-
tants, such as nitrogen oxides and sulfur. It is also advisable to measure on different
days, following similar time schedules, in order to control environmental variables.

The testing in laboratory may be helpful to have first impressions of the potential
inherent risk these devices have. However, the real risks for the people under real
exposure levels can only be measured on the field under real weather and venti-
lation conditions in real houses, and furthermore, under manipulation from real
users. Only then the potential and the real exposure levels can be linked and
concrete consequences to health be inferred.

It is understood that the high pollutant exposure levels recorded (especially
PM2.5 and SO2) imply a risk to people who use these traditional devices for lighting
and cooking in their homes. So, being the most risky average exposure levels from
SO2 and PM2.5 by breathing contaminated air from the DFWL or traditional stoves,
people should be warned about the risk of carrying out activities within a closed
environment due to the presence of these polluting sources.
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Chapter 23
Analysis of Decision-Making for Off-Grid
Rural Electrification in Colombia

Adriana M. Valencia J.

Abstract Due to their implicit costs, the technology options currently selected to
expand national energy production and to provide energy to off-grid areas of
Colombia lead to higher Government expenses, inflated cross-subsidization from
higher-income electricity consumers to other consumers, and to limited electricity
services for some. The technology option decision ultimately has an impact on
energy access and duration of service. The overall cost of electricity provision
through diesel, the fuel most frequently used, often increases in response to costs
that are not normally taken into account. Therefore, it is suggested that decision
making for off-grid rural electrification be more comprehensive, mindful of final
costs of service for the end user, and attentive to the long term sustainability of the
service.

Keywords Off-grid electricity � Technology choice � Diesel

Introduction

Colombia’s contrasting geography, with forests comprising more than 50 % of the
country, as well as the armed conflict, makes it very difficult and costly to provide
electricity to people located in areas where there is no grid-connected electricity
service (off-grid areas). More than 1.2 million people live in these often difficult to
access and remote locations of Colombia (this is 2 % of the total population, located
in 52 % of the country’s territory (IPSE 2013).

The low population densities found in these locations (which can be as low as
2 people/km2, compared to an average population density of 40 people/km2—
PAHO 2012) adds to the cost per connection, compared to grid-connected areas.
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In addition, there are about 7 million people who meet their energy needs using
small (<500 kW) diesel or gasoline generators, which often provide limited hours of
service.1 The hours of service have been reported to be 6 h in 99 % of the localities
[of which there are more than 1400 localities (IPSE 2013)], 12–24 h in less than 10
localities and 24 h in only two localities (Flórez et al. 2009).

With the above in mind, it can be said that about 17 % of the Colombian
population (the population reached 48.3 million people in 2013) lacks adequate
access to electricity.

Transmission costs can be especially high and therefore these locations are
mostly served with decentralized small diesel systems. 97 % of electricity provided
in off-grid areas is diesel based, 2 % is small hydro and the rest are mostly pho-
tovoltaic (Flórez et al. 2009; UPME Personal Communication 2012). While more
recent data is needed, in 2001 it was reported that 44 % of the people living without
electricity still used candles for lighting (AENE and Bailly 2001).

Research Objectives

The main question guiding the research for this paper was: What are the main
drivers that affect the technology choice decision/decision-making process in
electricity sector expansion for off-grid electricity projects in Colombia?

Methods

The author analyzed the existing literature on the topic. In addition, several inter-
views and conversations were held with more than 30 decision makers and relevant
experts in Colombia. A survey was conducted to understand the decision-making
process of the institution in charge of rural electrification in Colombia.2

57 responses were received for projects with different types of technologies
including diesel, small hydropower, solar-diesel, and biomass. The projects sur-
veyed were spread out in various areas of Colombia. The criteria used for selecting
projects were as follows: 1. Projects in various geographical areas of the country;
2. Projects with various installed capacities to be able to compare costs; and 3.
Projects with various types of technologies (including grid connections/grid repairs).

1 There are communities which are located in areas denominated as ‘grid-connected’ that do not
have electricity (UPME 2003).
2 This article is written based largely on research conducted for the author’s Ph.D. dissertation
(Valencia 2008).
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The survey was made available in electronic form, in which it was possible to answer
some questions by selecting from a multiple-choice drop-down menu, and, in
addition, for all the questions there was the possibility of providing open-ended
responses. The surveys, along with the interviews and literature research corrobo-
rated and complemented the information presented in the section Results.

This article focuses on technology choice and does not explore barriers to suc-
cessful implementation of renewable energy for rural electrification, the subject of a
different article published by the author (Valencia and Caspary 2008). However, it
should be noted that there are some factors that affect the quality of electricity
provision, such as poor service management, the lack of a direct person responsible
for the service, and low technical and administrative capacity by municipalities
(UPME 2003).

Results

I. Main actors. Most off-grid electrification projects in Colombia have ultimately
been the responsibility of two government institutions:

(i) UPME, Colombia’s Energy and Mining Planning Unit, has the mission of
planning mining and energy development, information management and sup-
port the formulation of sector policy, in coordination with the actors involved.
In the past, project approval decision making was largely influenced by UPME
because the financial evaluation was the task of this government entity. Now
the financial evaluation is also the responsibility of the IPSE (see below).

(ii) IPSE, the Colombian Planning Institute for Off-grid Energy Solutions, is the
government organization in charge of selecting technology options for off-grid
regions of Colombia and the institute has an ultimate decision to determine the
technology choice.3,4

3 There are two main funds that are tapped into for off-grid electrification in Colombia: FAZNI
and FNR. The FAZNI fund (designated by a Law No. 633 of 2000) provides Col$1 (US$0.0005)/
kWh to offer financial assistance for off-grid electrification. The FNR (National Royalties Fund)
(established by Law No. 756 of 2002) designates partial funds for the same purpose. The majority
of projects have been financed using FAZNI funds and with the use of these funds the technology
(technical decision) is in the hands of the IPSE.
4 In cases when the IPSE joins universities or multilateral institutions for the implementation of
innovative or pilot projects, then the technology type is a joint decision between these entities
involved.
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There are other actors involved in diesel electrification decisions in Colombia are as
follows:

(i) Estructuradores. Estructuradores for electrification initiatives are normally
electrical engineers who are hired by communities or by local or regional
governments to formulate and design a project that is then presented to the
FAZNI committee (Fund for the Electrification of Off-grid Regions) for
approval and consequently for funding. The estructuradores normally present
projects that are diesel based because: (a) this is the technology they know,
(b) this technology has been known to work, and (c) it is easy and fast to
implement and operate.

(ii) Community members. Community members sometimes also have a say on
the type of technology that is installed in their communities.5

(iii) Small companies. Estructuradores also subcontract or consult with small
companies to help them design electrification systems. Small companies are
also sometimes directly contacted by communities to help bring electricity.

II. Factors influencing the decision. The institutions that have been in charge of
off-grid electrification in Colombia (see above) have been influenced by various
incentives or disincentives regarding the type of technology to be implemented in
electrification projects. These incentives include: (a) regulations that have resulted
in extensive diesel fuel subsidies—which have kept (in the past, because this is
recently changing) diesel prices lower than they would otherwise be and previous
incentives that provided tax exemptions and made it easy for entities to purchase
diesel power plants; (b) the lack of available information on alternative energy
solutions (i.e., on their ease of use, on resources available to use the technologies,
on the functioning of the equipment)6; and (c) the apparent lack of any obligation
for these government institutions to compare alternative technology options.7

Accordingly, diesel has most often been the fuel of choice, and the decision has
been influenced by:

(i) The information available for decision making, such as renewable energy
resource potential maps that are readily available in Colombia, is either mission
or not sufficiently detailed for off-grid energy planners. Likewise, detailed
demographic information is also inaccessible and often outdated. Collecting
information in off-grid areas can also be difficult due to the armed conflict; and

5 Communities are often aware of the difficulties that are encountered in acquiring diesel fuel and
how costly this can be to them.
6 Specifically, the survey conducted for the research revealed that, for 84 % of the projects
surveyed, the availability of information was a factor influencing the technology choice decision.
7 However, IPSE and UPME carefully compare grid versus diesel electrification solutions.
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(ii) The limited methodology (or lack thereof) for technology selection, hampers
technology specific comparisons. When asked during interviews how tech-
nologies were compared to one another, the respondents revealed that cost
comparison was basically nonexistent. There is one methodology that has
potential to promote technology comparisons, yet it has not even minimally
achieved its potential. The methodology has a section in which developers are
asked whether they want to compare alternative technology options. If the
project developer answers negatively, the section is simply skipped. In short,
there is no obligation to complete a technology comparison to apply for funds,
nor is there an obligation to perform this task for purposes within the institution.
Although there is a methodology that project developers need to follow to
acquire subsidies for off-grid electrification projects (cross-subsidy from other
customers, FAZNI), the methodology needs large improvement and better use.

III. Unaccounted costs. Important additional costs are incurred in electricity
production through diesel in Colombia. These costs, which are not normally con-
sidered in cost calculations, include: high costs of fuel transport, high costs of diesel
(due to illegal markets), and frequent diesel plant replacements (either because of
involved high opportunity costs in transaction or because of the high costs of spare
parts). These costs are not included in government planners’ calculations, in part,
because they are normally the responsibility of municipality or location being
provided the service.

(i) Cost of fuel transport. As studies corroborate, the greatest factor affecting the
cost of electricity production through diesel is the cost of fuel (AENE and
Bailly 2001) and the fuel price is largely influenced by the cost of transport.
Whereas in some places the cost of transport is only Col$450/gallon, there are
other regions of the country where the transport of the fuel can be as costly as
Col$10,290/gallon (around US$0.22/gallon vs. US$5.15/gallon, respectively).
Cost differences are largely due to the geography and topography of the
regions, and to whether fuel needs to be transported by airplane, boat, truck,
mule, or a combination of these modes, for up to 6 h. These costs add great
variability to the final cost per kWh produced depending on the locations; thus,
when in some locations the transport cost per kWh can be only US$0.02/kWh,
the cost in other locations can be as high as US$0.40/kWh, with the average
cost being around US$0.05/kWh.8,9

(ii) Cost of diesel and illegal markets. Border regions have had special privi-
leges that governments continue to support. Law 677 was created in 2001 in

8 Calculated by author using data provided by IPSE, a fuel efficiency of 0.08 gal/kWh (thus
assuming that 12.5 kWh can be produced from each gallon of fuel). Fuel efficiency improves
slightly with larger plant sizes, however, the majority of plants in Colombia are small.
9 In addition, the transport of diesel fuel in off-grid areas of Colombia is mostly done by one
company, meaning that there has not been competition to transport the fuel and to thus keep the
prices of fuel transport low (UPME Personal Communication 2008).
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Colombia with the purpose of attracting and generating new investment to
strengthen the process of national exports. The law creates the term “special
economic zones of export”, which benefits five cities in five departments.
This law has various incentives, which include tariff exemptions and special
customs privileges (República de Colombia Ministerio de Comercio 2001).
This has included fossil fuel, and most diesel in Colombia is imported.
However, according to interviews, this has led to black markets. Specifically,
this has led to the resale of the fuel to those who do not benefit from the
border incentives (i.e., the diesel that is destined for some locations for
specific uses is resold to other customers for higher prices; or diesel is pur-
chased in neighboring countries and then resold). Evidently, fuel sales have
decreased in non-border regions, while they have increased in border regions
with the implementation of the above mentioned Law (UPME 2004).
Unfortunately, diesel is a desirable input for illicit trade, e.g., for production
of drugs—both for processing these and the transport of trade. This has
resulted in high prices, less fuel availability, and the interruption of diesel
delivery to intended destinations (and therefore fewer hours of service in
some communities). Therefore, fuel price differences can be large, at less
than US$2/gallon in some places compared to more than US$7 dollars/
gallon in others. These characteristics have also led to fuel quality distor-
tions, which modify the technical characteristics required for electricity
production and which, in turn, lead to the deterioration of the diesel power
equipment.

(iii) Diesel plant replacements. The cost of equipment (diesel plants) is normally
not significant unless the equipment has to be replaced constantly. Unfortu-
nately, diesel equipment replacement generally occurs every 4 years or less in
Colombia and therefore the costs of electricity generation increase. In fact,
during the interviews it was found that the replacement happens as often as
every 2 years. Diesel plants become damaged for various reasons but this is
often due to lack of or poor maintenance. These damages tend to be more
frequent in coastal zones due to climate conditions. Regardless, when the
plants become damaged, instead of the replacement of a part, etc., it is
common practice in Colombia to purchase a new plant and replace the old
one. These costs are not taken into consideration in cost calculations for off-
grid electricity provision and they can be significant. Including the equipment
breakdown at a periodicity of once every 4 years, in the end, the total gen-
eration costs can increase by US$0.03–US$0.10/kWh.

IV. Location of service prioritization. Associated with the decision on the
technology choice for electricity provision is the decision on which zones to pri-
oritize for electricity delivery. The research found that this decision, in terms of
location, is based, in practice, on a number of criteria and factor combinations
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(in no specific order): (1) lack of electricity availability; (2) population density;
(3) geopolitical importance10; (4) availability of resources for power generation;
and (5) payment capacity (IPSE Personal Communication 2008). It is important to
highlight the third criterion listed because, as found in the research (and corrobo-
rated by other authors), off-grid electrification in Colombia bends to regional
political pressure and is highly influenced by political aspects (Aristizábal Ángel
2005). This is why there has been a trend to provide fast installation solutions, such
as with diesel power plants.

Discussion and Conclusions Applicable Beyond Colombia

The technology choice decision in Colombia, and in other countries in Latin
America, has largely been based on following the status quo.11 As is the case in
Colombia, diesel is the easiest technology alternative available. The analysis con-
ducted in this article provides evidence that factors other than economic ones have
been influencing decision making for off-grid electrification. This goes against the
idea of other authors that energy policies are normally based on cost minimiza-
tion.12 The research found the contrary: for 95 % of the projects surveyed it was
found that cost was not the main factor influencing the technology choice decision.

The limited use of methodology of planners and developers for selecting elec-
tricity technologies present a challenge to provide adequate electricity solutions in
off-grid areas. It is imperative to have technology selection methods that are simple
to use and that take into account all the aspects that need to be reviewed before
deciding on an electrification technology (or a combination of technologies).
Aspects to be included in the technology selection should especially take into
account the ultimate cost of the solution to the country and to the end users.
A challenge is added however, when resource availability and even demographic
data are not immediately accessible to planners, to include as variables in meth-
odologies to be used.

To conclude, the first step to improve the decision making process is to ensure
there is sufficient technical capacity in the main institutions involved in making the

10 Geopolitical importance means areas where there is priority to provide “State presence”, which
beyond military patrols, also means priority to provide other services such as electricity. These are
normally areas that are located on or close to national borders and also areas where there are public
order (e.g., violence) problems.
11 Another clear example is Nicaragua, where on the Atlantic Coast diesel-powered generators are
commonly used for microgrid generation due to their low capital costs, modularity, and the
widespread availability of expertise in selling, operating, and maintaining the systems (Casillas
2008).
12 Other authors have revealed that energy policies in other countries have in the past been
normally based only on cost minimization (although more recently other criteria have also been
recognized as being important and therefore there is a growing interest in multi-criteria decision
analysis for rural electrification (Georgopoulou et al. 1997).
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decision. These institutions need professionals trained in alternative technologies
and economic analysis. Alternative technologies include solar photovoltaic panels,
wind generators, micro and mini hydropower plants and a combination of these
(hybrid systems).

A single decision-making tool will not be optimal for all rural electrification
projects around the world, and therefore the idea in this article is not to prescribe a
specific one. However, there are decision-analysis methodologies, even ones that
have been developed in Colombia, which can be of valuable use for project
planners.13

It is hoped that government entities and independent project planners will be
more objective and careful in their selection of electrification technologies and
long-term electrification expansion, justifying their selection with technology
comparisons, with the inclusion of community impacts, and under long-term
planning horizons. It is recommended that, for ease of use and consistency, the use
of these tools be standardized in the planning institution(s) of the country in
question.

Furthermore, all expenses for calculating the cost of a technology choice need to
be taken into account, including the cost of fuel transport, the cost of operation and
maintenance, and the final cost to the end user. Electricity provision decisions
should weigh the costs-benefits of different levels of access (i.e. number of hours of
service/day) related to the solutions to be provided.

Lastly, for the projects to be sustainable, more emphasis will have to be placed
on project design. This means, again, including communities in the decision-
making process, training locals to maintain and operate the equipment, and
including the possibility of helping the communities develop further through new or
more effective productive uses of energy.

Technology choice methodologies that include the above mentioned factors, will
ideally lead to more reliable, cleaner, and less costly solutions to off-grid regions.
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Chapter 24
Barriers and Solutions to the Development
of Renewable Energy Technologies
in the Caribbean

Philipp Blechinger, Katharina Richter and Ortwin Renn

Abstract Despite large amounts of readily available renewable energy, most island
states in the Caribbean are still heavily dependent on mostly imported fossil fuels
for their energy production. Making use of empirical analyses, this paper explores
the barriers to the development of RE for power generation in the Caribbean, and
outlines a strategy of how to overcome these barriers. Semi-structured interviews
with three “super-experts” serve to supplement the findings of a preceding literature
review. Approximately 30 experts are consulted to confirm and rank the identified
barriers to RE according to their importance. The end-product of this study is a
ranking matrix that will serve as a strategy instrument for decision-makers, who are
then able to prioritise barriers and initiate their removal.

Keywords Islands � Renewable energy � Barriers � Caribbean

Introduction

The Caribbean power generation sector depends on approximately 97 % of its
energy production on imported fossil fuels (CIA 2014; IEA 2013; Byer et al. 2009).
This causes not only locally harmful emissions of particular matter and nitric oxides
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but also emissions of greenhouse gases causing global warming and climate change
(IPCC 2014). One of the solutions to reduce the fossil fuel based power generation
is the implementation of renewable energies.

Within the Caribbean area, abundant resources exist for solar and wind based
power generation with annual irradiation ranging from 1700 to 2300 kWh/m2 year
and average wind velocities from 5 to 9 m/s (Stackhouse and Whitlock 2008;
Xsitaaz and Clarke 2014). These resources are available on every island, and are
supplemented by a huge potential for hydro power generation on larger islands with
high mountains (IRENA 2012). In addition, geothermal potential can be found on
all volcanic islands of the Eastern Caribbean island belt (Joseph 2008). Biomass
could also be a renewable option to substitute fossil fuels based on high agricultural
yields on Caribbean islands (IRENA 2012).

Even though the Caribbean is rich in clean and sustainable natural resources for
economic competitive power generation, the implementation of renewable energy
technology is rather slow (Shirley and Kammen 2013). As a result, the islands
experience high electricity prices, energy poverty and grid connectivity deficits. In
addition, the limited amount of imported fuel poses a serious challenge to a sus-
tainable energy production due to the region’s projected increase in population and
thus energy demand (Insulza 2008). Furthermore, the, severe effects of climate
change on the Caribbean island states are already showing up and act as a forceful
reminder of the negative side effects of fossil fuel combustion. Despite recent RE
promotion efforts throughout the region, more drastic measures are required to
promote renewable energy and to remove existing barriers if CARICOM’s set goal
of a 20 % renewable electricity capacity share by 2017 is going to be reached
(CARICOM 2013). This paper sets out to explore the diverse barriers and strategies
to overcome those barriers that impede the use of RE for electricity production in
the Caribbean today. The paper focuses on all Caribbean island states, excluding
Cuba and Haiti due to their special economic and political situations. The analysis
in this paper investigates not only technical and economic, but also political and
social barriers.

While different geographical and political circumstances affect overarching
regional analyses, this paper uses empirical research methods to identify and cat-
egorise barriers to RE into a framework that decision makers within Caribbean
islands can apply. Whereas much work has been done on the barriers to RE in
general (Painuly 2001; Verbruggen et al. 2010), only one academic study (Ince
2013) has focused on this specific region. Ince has set a baseline for the scientific
understanding of barriers for implementing renewables in the Caribbean and
pointed out that more research is needed, especially quantitative studies. While
reports of different institutions have targeted the subject, they lack clear scientific
methodology (CREDP 2010, 2011; IDB 2011).

Tackling both the currently slow uptake of renewable energies (RE) in the
Caribbean, as well as the lack of evidence-based strategies to overcome barriers of
implementation, our work aims to deliver a comprehensive overview on the most
important barriers. The empirical analysis covers the views of all important
stakeholders in the Caribbean power generation sector.
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For this research the four identified main categories of barriers are technical,
economic, political and social constraints (Blechinger 2013; Negro et al. 2012). The
contribution of the present paper consists of an elaboration on these barriers, and the
development of a rating matrix that includes a strategy on how to prioritise and
initiate their removal.

Thus the central questions pursued are the following:

• What are the barriers to the development of RE in the Caribbean?
• Which are the most important barriers?
• What measures can be implemented to overcome these barriers?

These research questions are examined along the following structure of the
paper. First the applied methods are explained and broad literature review on the
methodologies is given. This is followed by the presentation of the results which
are discussed in the next section. Within the discussion recommendations to remove
the identified barriers are presented. Finally, the paper ends with a summary in the
conclusion section.

Methods

In order to answer the three main research questions, a three-fold analysis is per-
formed, consisting of a literature review which is complemented by a qualitative and
quantitative investigation. Firstly, a literature review of peer-reviewed papers and
reports extracted the existing expertise on barriers to RE and revealed the challenges
to sustainable electricity production in the Caribbean. The consulted literature
consisted of primary and secondary sources, as well as intergovernmental reports.

The material reviewed in the first step has been limited to literature that concerns
itself with wider barriers to renewable energy in general on the one hand, and with
limitations to renewable energy implementation on small island states and remote
areas in low-income countries on the other hand. The search criteria followed the
clustering of barriers in categories developed by Blechinger (2013) and Negro et al.
(2012). The analysis sharpened the focus on market failure, so as to decide whether
to include this component as an additional main barrier to the previously identified
technical, political, economic and social categories. Furthermore, the literature
review has been limited to cover renewable energy use for electricity production
only.

In a second step, a qualitative survey closely elicits current difficulties in the
implementation of RE. To this end, semi-structured interviews were conducted with
three “super experts” who have diverse and extensive professional experience
within the Caribbean energy sector. Since this form of data gathering provides in-
depths results of discursive and explorative nature, it results in a holistic under-
standing of the expert’s opinions on the interrelated barriers to renewable energy
(Merriam 1988; Bogdan and Biklen 2003; Guba and Lincoln 1994; Magoon 1977;
Patton 1980). Therefore, while the literature provides us with the barriers per se, the
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rich, deep data from the expert interviews contributes meaning to the factual
developments and explores why the participants hold their respective views
(Stainback and Stainback 1988; Joubish et al. 2011; Creswell 1994). Consequently,
the questions are primarily attitudinal, seeking the expert’s view and understanding
of the topic, which clearly points out the nature of the Caribbean specific barriers
and potential solutions of how to remove them. The data reflect subjective judg-
ment, which implies that interpretation plays a major part in processing the results
(Creswell 2003; Denzin 2011; Rossman and Rallis 2003).

Expert assessments were selected for an analysis of interaction and proposals for
promoting renewable energy (Maxwell 2013). The interviewees approached are
associated with the Caribbean Electric Utility Services Corporation (CARILEC), the
Caribbean Community Secretariat (CARICOM) and the Deutsche Gesellschaft für
Zusammenarbeit (GIZ). The latter organisation looks back on more than ten years of
project experience in the Caribbean, and was heavily involved in the Caribbean
Renewable Energy Development Programme (CREDP). The comprehensive
process of an in-depth study allows only for a small number of interviewees.
We limited the amount of interviews to three, however triangulated by a quantitative
study thereafter.

The interview technique follows Witzel’s conceptualisation of the problem-
centred interview, but is also characterised by the methods of expert interview
(Witzel 1989; Meuser and Nagel 1991). The experts have been selected based on
their knowledge on RE, and represent different stakeholders, namely utilities, gov-
ernment and the private sector respectively. The results from the preceding literature
review served as an interview guide, thereby thematically organising the insights
from the literature review into a coherent and consistent approach to the analysis and
comparative review of the outcomes (Witzel 1989). The previous data collection on
barriers to RE via literature review thus serves as heuristic-analytical framework to
generate ideas for the questions that are asked, however not dominating the talk
(Witzel 2000). The previous categorisation of the barriers assisted the research team
in identifying, coding and categorising patterns (Joubish et al. 2011), which resulted
in an alteration of the list of barriers (Atteslander 2008). The final outcome of the
interviews was thus organised as inductive/deductive mutual relationship (Witzel
2000), thereby avoiding a mere confirmation of the literature review.

The aggregation of the results of these two steps culminated in a list of 31 detailed
barriers. In the third, quantitative research step, they have been subsequentlyweighted
empirically through another round of questioning. Via email and/or telephone, over
100 experts from the private and public sector, utilities, international organisations
(IOs) and academia were presented with a questionnaire containing the list of barriers,
and were asked to rank them on a Likert scale from 0 to 5 (cf. Fig. 24.1).
This psychometric, summated scale measures the importance of all the barriers
through intensity of feelings and attitudes about each barrier (Bryman 2002; Likert
1932;McIver 1981; Spector 1992). The inclusion of a “don’t know category” ensures
that respondents with a non-attitude answer in a way that corresponds with another
variable systematically (Paulhus and Reid 1991; Schnell et al. 2008; Schuman and
Presser 1981; Converse and Presser 1986).
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To allow for more in-depth interpretation, the questionnaire contains a comment
section for the participants to further elaborate. The analysis recognises the possible
impact of the social desirability bias, whereby especially representatives of energy
ministries might want to present their organisation in a favourable light, thereby
distorting the answers (Paulhus 2002). However, also the private sector and utility
representatives might deliberately exaggerate their basic agency and communion
values such as personal agency and commonalty relating to their role in the
advancement of renewable energy technologies (Paulhus 1984, 1991; Bardwell
et al. 2001; Sullivan and Scandell 2003).

The methodological triangulation allows for a more holistic, complete and
contextual understanding of barriers to RE, and provides a connection of different
perspectives from different sectors (Banister et al. 1994; Denzin 1978; Flick 1995,
2011; Holtzhausen 2001; Jakob 2001). Through the combination with the quali-
tative analyses, the quantitative research step serves as confirmation and validation
(Tashakkori and Teddlie 2003; cf. Phasenmodell p. 3 Jakob 2001), it increases the
validity and credibility of findings (Patton 1990; De Vos 2002), and finally
enhances the result’s trustworthiness (Ralph 1999).

The summation of the weightings finally permitted a detailed clustering of the
barriers, whereby the mean of the responses has been evaluated for both the sep-
arate stakeholder groups, as well as for the overall sample size. The end-product of
this study has been a rating matrix of the identified and categorised barriers and sub-
barriers. Since the ranking follows the importance and impact of the barriers, this
matrix serves as a strategy instrument to allow for their removal by political and
economic decision makers.

Results

The first step of the research, the literature review, produced a list of 32 barriers to
renewable energies in the Caribbean, grouped into the aforementioned four broad
categories.While the bulk of the analysed literature pointed in the general direction of
each barrier and assisted the team in the formulation of the key and supporting
questions of the interviews, it was the crucial information extracted from the responses
of Mr. Williams (CARICOM), Mr. Homscheid (GIZ/CREDP) and Mrs. Jean
(CARILEC) that allowed for the creation of a thorough list of Caribbean-relevant

Fig. 24.1 Likert scale from highest importance (5) to absolutely no importance (0) and “don’t
know” category
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barriers to RE. Literature on barriers to renewables on small island states, for example,
frequently mentioned natural barriers such as limited availability of natural resources
or land as restriction to the implementation of RE (IRENA 2012; Ince 2013, Del Rio
2011). Since the former found no mentioning in the interviews, it was dropped from
the list, while the latter was modified as barrier to be included as “Land use compe-
tition on islands”. Homscheid (2014) illustrates this by saying “[l]and is available but
it comes with certain problems. You can’t put up a wind farm in the midst of a hotel
development area.” Williams highlighted two barriers: the risk aversion of com-
mercial banks, as well as the lack of evidence-based assessments of RE potentials as
barriers to their funding and implementation. Both aspects, were then included in the
list. According to Homscheid (2014), there is no “study that was looking at the
complex economics comparing one vs. the other [RE], looking at the scaling effect.”

In the literature, efficiency constraints of RE technologies were given high pri-
ority as a barrier to their development (Ince 2013; Timilsina et al. 2012; Painuly
2001), yet this assumption could not be confirmed in the interviews, it was therefore
deleted from the list. A significant social barrier frequently pointed to in the liter-
ature was the consumer resistance to RE, and their preference for the status quo
(Reddy and Painuly 2004; Painuly 2001; Verbruggen et al. 2010; Sovacool 2009;
Ince 2013). However, the interviews indicated that consumers were mostly con-
cerned with high electricity prices (Jean 2014; Williams 2014), and possibly in
favour of RE if they reduced the price level. The second step of the analysis thus
altered the list, e.g. by incorporating “short terms of procurement contracts”
(ECLAC and GTZ 2004) into other financial barriers, while adding “strong fossil
fuel lobby” as social barrier.

Table 24.1 represents the barriers as listed in the questionnaire. The question-
naire is available for download from the Reiner-Lemoine Institute’s website (2014),
and contains a detailed description of the individual barriers.

Within the timeframe of this research, 30 participants coming from various
scientific and practical backgrounds were asked to respond to a questionnaire
developed by the research team. All experts selected were identified as highly
prestigious experts for renewable energies in the Caribbean in a previous analysis.
The sample includes seven respondents from the private sector (excluding utilities),
six from utilities, seven from international organisations and five from govern-
mental and five from academic institutions. Figure 24.2 and Table 24.2 show the
overall ranking of all barriers by the five stakeholder groups who participated.

The six most important barriers (importance higher than 3.5 equals high
importance) to all five groups are “lack of regulatory framework and legislation for
private investors”, “gap between policy targets and implementation”, “high initial
investments”, “lack of regulatory framework for independent power producers
(IPPs) and power purchase agreements (PPAs)”, “diseconomy of scale”, and “utility
monopoly of production, transmission and distribution of electricity”, respectively.
For the five most important barriers the variance is relatively low, which indicates a
shared perception of the barriers’ importance among the respondents. The sixth
most important barrier shows a larger variance which means more extreme values
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Table 24.1 Unranked barriers to RE in the Caribbean

1. Technical barriers

1.1. Natural conditions

1.1.1. Land use competition on islands

1.1.2. RE impact on landscapes and ecosystems

1.1.3. Natural disasters

1.1.4. Lack of evidence-based assessment of RE potentials

1.2. Technical constraints

1.2.1. Lack of technical expertise and experience

1.2.2. Low availability of RE technologies

1.3. Infrastructure

1.3.1. Inappropriate transport and installation facilities

1.3.2. Unsuitable transmission system and grid stability issues with decentralised RE

2. Economic barriers

2.1. Price/cost

2.1.1. High initial investments

2.1.2. High transaction costs

2.1.3. Diseconomy of scale

2.2. Financial aspects

2.2.1. Lack of access to low cost capital or credit

2.2.2. Lack of understanding of project cash flows from financial institutions

2.2.3. Lack of private capital

2.3. Market failure/distortion

2.3.1. Utility monopoly of production, transmission and distribution of electricity

2.3.2. Small market sizes

2.3.3. Lock-in dilemma (conventional energy supply structures block REs)

2.3.4. Fossil fuel subsidies and fuel surcharge

3. Political barriers

3.1. Policy

3.1.1. Gap between policy targets and implementation

3.1.2. Lack of incentives or subsidies for RE

3.2. Institutional capacity

3.2.1. Lack of formal institutions

3.2.2. Lack of RE experts on governmental level

3.3. Regulatory

3.3.2. Lack of legal framework for IPPs and PPAs

3.3.2. Lack of regulatory framework and legislation for private investors

4. Social barriers

4.1. Consumer behaviour/awareness

4.1.1. Lack of social norms and awareness

4.1.2. Lack of educational institutions
(continued)
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within the responses could be found. More details are explained in the discussion
section.

The two barriers considered least important (importance lower than 2.5 equals to
low importance) of all the groups were, beginning with the last one, “preference for
status quo” and “lack of evidence-based assessments for RE potentials”. Both
barriers have a low variance in the importance weighting.

Overall it can be seen that the most important barriers are of economic and
political nature. The most significant six items are followed by “high transaction
costs” and “lack of incentives or subsidies for RE”. The first social barrier is
“dominance of cost over environmental issues” on rank nine with moderate to high
importance. Almost the same importance is found for the item “land use compe-
tition on islands”, the highest ranked technical barrier with an overall rank of ten.
The remaining barriers are all ranked between importance values of 3.5 and 2.5.

Table 24.1 (continued)

4.2. Interaction networks

4.2.1. Lack of RE initiatives

4.2.2. Lack of local/national champions/entrepreneurs

4.2.3. Strong fossil fuel lobby

4.3. Cultural

4.3.1. Dominance of cost over environmental issues

4.4. Psychological/moral

4.4.1. Preference for status quo

Sources ECLAC (2009), Arenas (2013), Weisser (2004a, b), Beck and Martinot (2004), ESMAP
(2009), Boyle (1994), Unruh (2000), CREDP (2010), Union of Concerned Scientists (2002),
Owen (2006), Timilsina et al. (2012), Quadir et al. (1995), IEA (2011), LCCC (2012)

Fig. 24.2 Results of empirical weighting of barriers—overall importance and variance of each
barrier
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The variances are higher than average showing that the consensus on the ranking
has been relatively low and more extreme evaluation values on both sides of the
distribution curve were the rule.

Looking at the results for the five stakeholder groups, it becomes evident that
there are differences in the number of barriers perceived as highly important.
Researchers rank fourteen barriers with a score value of 4 or higher, thus consid-
ering these to be of high or highest importance. The participating representatives of
governments and organisations ranked a total of five barriers with 4 or higher, while
representatives of the private sector merely ranked four barriers within the high and
highest importance. In contrast, representatives of the Caribbean utilities consider
no barrier of an importance as high as 4 or above.

Another striking aspect is the discrepancy in perception of the barriers between
the utilities and the rest of the stakeholders as it can be observed in Table 24.2.
The items, “lack of regulatory framework and legislation for private investors” and
“lack of legal framework for IPPs and PPAs” received high importance from all
stakeholders with the remarkable exception of the utilities. “Lack of legal frame-
work for IPPs and PPAs” is also seen as a highly significant barrier by the repre-
sentatives of organisations. Private and academic representatives assign an
importance score of four and higher to the overall second most important barrier
“gap between policy targets and implementation”. In comparison, political and
academic representatives give an importance of four or higher to the third most
important barrier “high initial investments”, with the political group considering
these most important. For researchers the most important barriers are “unsuitable
transmission system and grid stability issues with decentralised RE” with an
importance of 4.4, together with “diseconomy of scale” and “lack of regulatory
framework and legislation for private investors”. The first two have an overall
importance of 3 (20th rank) and 3.7 (5th rank). “Land use competition on islands” is
considered as most important barrier among utilities with an importance of 3.8, as
well as “diseconomy of scale” and “dominance of cost over environmental issues”.
The first listed barrier by utility representatives is on rank 10 (importance of 3.45),
the second listed is on rank 5 (importance of 3.7) and the third listed is on rank 9
(importance of 3.47) according to the overall ranking. From the governmental
perspective the barriers “high initial investments” and “lack of RE experts on
governmental level” are most important, with an average value of 4.4. As a com-
parison, overall “high initial investments” is ranked on number 3 (importance of
3.87), while “lack of RE experts on governmental level” is only ranked on 17 with
an importance of 3.17.

Discussion

Three of the six most important constraints ranked alike by all stakeholder groups
referred to political barriers, pointing to the leading role governments and regula-
tory agencies must play if they are to achieve CARICOM’s 20 % renewable
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electricity capacity share by 2017. While two of these refer to the lack of legal and
regulatory framework for renewable energy projects, one refers to the gap between
policy targets and implementation. The responsibility of overcoming these three
barriers lies with the governments, who must provide clear legislation and regu-
latory rules to secure and attract investments. Decisive government action can fill
the gap between good intent and actual implementation. Ultimately, a clear regu-
latory framework laid out by the respective governments will allow for the removal
of three of the six major barriers for implementation.

The other three most important barriers are of economic nature. Diseconomies of
scale lead to high specific investment and power generation costs. In combination
with the other economic barrier “high initial investments”, the need for cost or price
reduction to enhance the implementation of renewables is self-evident. Means of
implementation may be direct or in-direct subsidies, such as tax reduction for
investments or secured feed-in tariffs. By adjusting market sizes so as to become
more attractive to investors could provide a significant solution that especially
targets the issues of diseconomy of scale. Alternatively, the creation of a single
Caribbean-wide market would allow for a similar attraction of investors in RE. The
monopolistic structure of the power generation sectors in most Caribbean island
states is nominated as sixth most important barrier. On smaller islands, reaping
benefits of a market liberalisation is impeded by the small overall size and a lack of
capacities to create proper competition without a decrease in service quality. To
overcome the negative effects of monopolies two of the aforementioned measure-
ments can serve as solution: the creation of a Caribbean wide market would gen-
erate more competition on the one hand, while on the other hand sufficient
regulation could direct utilities on smaller island states towards the implementation
of renewables.

Most of the solutions for the most important barriers can be provided under
governmental guidance. However, local governments need support to implement
these solutions. Political representatives see the lack of renewable energy experts on
governmental level as one of the most important barriers. This call for support from
the inside perspective of the governments clearly shows that tasks such as the
creation of a regulatory framework cannot be met by current governments alone.
Support of local and national organisations may strengthen the administrative
capacities and renewable energy expertise that is required.

While all stakeholders of the power generation sector should contribute to
overcoming the aforementioned barriers, the results expose some discrepancies in
the perception of the barriers, reflected in the variance of the results. Researchers
are much more sceptical about the success of renewables and rate about three times
as many barriers of high importance as the private sector, governments and or-
ganisations do. In contrast, utilities express confidence in developing renewables by
rating relatively few barriers of importance, which might be a reflection of their
monopolistic position in the market. Yet, the private sector seems to confirm this
issue by including the utilities’ monopoly market distortion in their top three bar-
riers. For this special barrier the high variance shows the different perception of the
importance indicator. By virtue of their position, the utilities have given their
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monopolistic position in the market a low importance in impeding the development
of RE. Indeed, utilities have rated their market position between low and very low
importance and might even be seen as chance to implement renewables due to the
power of a monopolistic utility, whereas private and academic stakeholders blame
the monopolies for holding back renewables.

Other interesting barriers that received different ratings (highest variances)
among the respondents are “fossil fuel subsidies and fuel surcharge”, “strong fossil
fuel lobby” and “lock-in dilemma (conventional energy supply structures block
REs)”. These barriers all relate to the power of the prevailing energy system and its
decision makers, pointing to their unwillingness to change the power generation
structure. This is mostly considered as barrier by new players in the market, as well
as by renewable favouring organisations or research institutions. With utilities
being representatives of the current energy system, they have ranked these barriers
very low, as did the governmental representatives. This disagreement is a big hurdle
for RE implementation as the more powerful players (utilities and governments)
would not target these barriers, however considered highly important by all the
other players. Utilities and governments must issue clear and binding statements
with regards to the implementation of renewables, thereby removing suspicion that
they would prefer the fossil based status quo.

Moreover this example emphasizes the need for improving the dialogue and
communication between utilities, private sector, governments, researchers and
international organisations in the Caribbean. Like their counterparts from the IOs,
the representatives of academia have demonstrated a similar trend in rating many of
the barriers as important or very important. Moreover, they have prioritised barriers
that were not perceived to be important by the other groups at all, which points to
severe communication problems between those who are implementing renewable
energy projects on the ground and academia. For this group, a lack of mutual
understanding impedes the development of renewable energies.

Overall, the empirical results show clear trends that match the experience of the
experts interviewed in the second research step and the insights from the literature.
Even though the experts included in this study are regarded as high level renewable
energy experts, their assessment is not necessarily valid for all Caribbean island
states and their related renewable energy projects. It may be biased with respect to
the location of the expert or its disciplinary background. More case studies from
each island would be necessary to test the importance of the barriers along real
implemented projects.

Conclusion

For this research, qualitative and quantitative empirical methods were applied in
parallel. Both have been useful to provide answers to the research questions. A total
of 32 barriers (8 technical, 11 economic, 6 political and 7 social) could be identified
in response to the first research question. “Lack of regulatory framework and
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legislation for private investors”, “gap between policy targets and implementation”
and “high initial investments” topped the list as the most significant barriers. They
were immediately followed by the items: “Lack of legal framework for IPPs and
PPAs”, “diseconomy of scale” and “utility monopoly of production, transmission
and distribution of electricity”. To overcome these barriers the experts interviewed
suggested to install a sound and effective regulatory framework for private investors
and more oversight over monopolistic utilities. In addition, a Caribbean wide
market was also seen as one possibility to resolve some of the economic barriers.

Apart from identifying the key barriers to the development of RE in the
Caribbean, the paper addressed the systemic, overarching lack of communication
and mutual understanding between the RE key players. Most of the experts were
convinced that cheaper electricity prices and an environmentally sustainable and
independent energy supply would be feasible if the actors were cooperating. By
these recommendations, this study will advance the implementation of RE in the
Caribbean and thus contribute to the region’s energy security, access and sover-
eignty, as well as the diversification and decarbonisation of its energy production.

The findings reflect the specific character of the Caribbean region, but they can
also be applied to other small developing island states with similar framework
conditions. In general the methodology can easily be applied to other regions for
identifying and evaluating region-specific ranking of barriers. For future research it
would be interesting to compare the results of the Caribbean area to barriers for
implementing renewable energies on other islands states worldwide.
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Chapter 25
The Role of Gender Concerns
in the Planning of Small-Scale Energy
Projects in Developing Countries

Julia Terrapon-Pfaff, Carmen Dienst and Willington Ortiz

Abstract Energy poverty affects women in developing countries more severely
than it affects men; at the same time, women have less control over household
resources and are often not involved in decision-making processes on energy
matters. In order for transition processes of energy systems to be sustainable, these
gender-related concerns need to be addressed. Although this link is widely recog-
nized, gender aspects are still not well perceived in the planning of energy projects.
To better understand the role of gender concerns in project planning, the research
presented in this paper evaluates concepts of small-scale sustainable energy projects
with regard to their gender sensitivity. The data originates from an expert evaluation
process and was analyzed with focus on gender-related aspects. The results show
that even in sustainable energy projects the issue is still not high on the agenda.

Keywords Gender � Sustainable energy transitions � Project concepts �Developing
countries

Introduction

More than 2.6 billion people worldwide still lack access to an affordable and
dependable energy supply to meet their fundamental energy needs (IEA and OECD
2012). Without access to energy, it is unlikely to reduce the poverty of these people
and to further their development. Although both men and women are affected by
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energy poverty, the negative implications associated with the lack of available,
affordable and reliable energy supply disproportionally affect women and girls due
to their traditional socio-cultural roles. In these traditional roles women are usually
responsible for household tasks such as cooking, food processing, heating, water
supply and washing. Providing and managing the energy sources necessary to fulfill
these household tasks is also generally the woman’s responsibility. Accordingly, it
is mostly women who shoulder the burden of domestic energy supply in developing
countries. This fact is validated in numerous studies that provide empirical evidence
to support the assertion that women spend more time and travel longer distances
than men to collect biomass fuels to meet domestic energy needs (e.g. Pachauri and
Rao 2013; Action 2012; Oparaocha and Dutta 2011; Parikh 2011; Wickramasinghe
2003). Due to their traditional tasks in the home, women and girls are also more
severely affected by the high levels of indoor smoke pollution arising from the
direct combustion of biomass. Consequently, since the UN Conference on Women
in Beijing in 1995, the international development community has emphasized the
potential welfare improvements that access to energy services can bring to the lives
of women in developing countries (Clancy 2009).

As well the fact that women have more to gain than men in terms of health and
welfare, the implementation of sustainable energy technologies is also associated
with the potential empowerment of women. Freeing women’s time by providing
reliable energy services potentially allows women to engage in income-generating
activities and education (Clancy et al. 2012; Misana and Karlsson 2001). However,
although this would appear to be a realistic and reasonable outcome of improved
access to energy for women, the empirical evidence to support these assumptions is
sparse (Dienst et al. 2013; UNDP 2011; World Bank 2008).

Despite the anticipated gender differentiated effects that sustainable energy
access can have, the gender dimension itself influences energy projects in multiple
ways. Gender can have substantial effects on technology preferences and on how
these technologies and the generated energy are used (Pachauri and Rao 2013). Due
to their gender roles, poor women and men also have different attitudes to paying
for certain energy services (Skutsch 2005). In addition, gender can also play a
significant role for the efficiency and long-term sustainability of energy projects
(Oparaocha and Dutta 2011; Cecelski 2000).

All of these realities substantiate the need to integrate the gender dimension into
development interventions addressing energy issues. In line with this necessity the
role of women in development interventions has already been discussed since the
early 1970s. In this first period the efforts were concentrated on women, who where
mainly seen as passive beneficiaries of development aid. Particularly the potential
welfare that access to energy services can bring to the lives of women in developing
countries has been emphasized. In the late 1970s the focus shifted from women as
recipients of aid to women as an idle economic asset. It was acknowledged that
women could play an essential role for the economic development, if their access to
credit, land and employment would be increased (Cecelski 2004).

This acknowledgment resulted in a series of development programs that were
primarily focused on increasing the economic activities of women. But over time it
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became clear that interventions focusing on women in isolation did not achieve the
expected success. In the course of the growing recognition, that not the sex itself
but the socially attributed roles in the households and in society make women more
vulnerable to poverty, the focus changed from women to gender. The emphasis on
gender aligns to the fact that the change of attributes and relationships within social
and cultural systems can only be achieved if the complex connections between
women and men are taken into consideration (Lambrou and Piana 2006; Cecelski
2004; Cecelski 2000). Since the UN Conference on Women in Beijing in 1995 the
gender dimension has been widely adopted by the international development
community (Clancy 2009). Later in the year 2000 the United Nations Millennium
Declaration further highlighted the importance of gender for development by
naming gender equality one of the eight MDGs. Therewith gender equality was
postulated as a key factor to achieve sustainable development.

However, despite theoretical knowledge and the growing number of publications
on the relationship between sustainable energy and gender, little progress has been
made in terms of gender equality and there is still much to learn about better
integrating gender aspects into transition processes for more sustainable energy
systems (Fig. 25.1). This gap, between gender mainstreaming rhetoric in concepts,
guidelines, management tools etc. and the practice, where gender-sensitive energy
policies, programs and projects are still the exception, has been described by
numerous authors (e.g. Alston 2014; Cecelski 2004; Skutsch 1998); however, little
information exists on why this discrepancy persists.

Fig. 25.1 The gender dimension within the transition cycle towards sustainable energy systems
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Research Objectives

In view of these observations, by analyzing the role of gender in sustainable energy
projects, this paper aims to address the question of why gender implications have
been widely conceived in theory but have not been transferred into practice. The
study concentrates on small-scale and local projects that are designed to meet the
needs of energy-poor households and communities and should, therefore, be sen-
sitive to gender concerns.

Within the transition cycle these projects can be seen as experiments (Fig. 25.1),
where the theoretical and analytical knowledge is converted into practice in the
form of subsidized technology innovations, demonstration projects or market
development activities. These experiments are central to a sustainable transition
process because they provide insights into the underlying developments and are
often the basis for systemic change (Geels 2011). Analyzing the concepts of these
project-level experiments can help to better understand and accompany this stage of
the transition process.

The objective is to provide empirical evidence on (a) how gender concerns are
perceived in the design of small-scale sustainable energy projects in developing
countries and (b) if technology choices or geographical factors play a role in the
extent to which gender is integrated into these experiments. These analyses are the
first step in more comprehensive research effort that aims to analyze the role of
gender and of women’s empowerment in local sustainable energy projects. The
overall objective of this research is to increase the understanding about how to
better transfer theoretical and analytical knowledge into practical results in order to
unlock the potential for sustainable energy transitions to empower women.

Methods

The data for these analyses was collected from the Sustainable Energy Project
Support (SEPS) scheme, which is part of the WISIONS initiative.1 WISION has
been actively promoting the introduction of sustainable energy solutions and
resource efficiency since 2004. The main activity and objective of SEPS is the
“practical demonstration and testing of technologies and support for active
exchanges in target regions”. Since the launch of the program over 75 projects and

1 “WISIONS of sustainability” is an initiative by the Wuppertal Institute supported by the Swiss-
based foundation ProEvolution. It was launched in 2004 to promote practical and sustainable
energy projects. To ensure the sustainable character of the projects supported by the SEPS scheme
their selection is based on the following set of criteria: technical viability, economic feasibility,
local and global environmental benefits, replicability and marketability, potential for poverty
reduction, social equity and gender issues, local involvement and employment, potential, sound
implementation strategy and dissemination concept. For more detailed information on the pro-
gram, please visit the website www.wisions.net.
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knowledge exchanges with innovative approaches that respond to energy needs at
local level have been implemented in 41 countries.

To better understand the role gender concerns play in these small-scale projects,
this study starts at the beginning of the project cycle by examining and evaluating
the gender-sensitivity of the project concepts. In total, 192 project proposals sub-
mitted between 2007 and 2012 (of which only a small share were realized through
SEPS funding) were evaluated.

The proposals that were taken into account passed the pre-validation process and
were then evaluated by at least two experts against a set of well-established sus-
tainability criteria. For the detailed examination of the proposals against these
criteria, the experts provide marks on a four-point scale (0 = the proposal fails to
address the issue or cannot be judged against the criterion due to missing or
incomplete information; 1 = poor; 2 = fair; 3 = good; 4 = very good). For this study,
the data collected was revisited and analyzed according to whether the project
contributed to gender equity or addressed gender-related issues.

Results

The first analysis provides empirical evidence about the extent to which gender
concerns were incorporated into the design of small-scale sustainable energy pro-
jects in developing countries (Fig. 25.2).

Looking at the distribution across the entire sample of the 192 evaluated pro-
posals, about 16 % of the project proposals scored less than 1, meaning that gender
issues were not addressed at all, 21 % of the proposals only reached 1 point,
indicating that gender issues were only poorly addressed and a further 10 % attained
an average score of 1.5, positioning these project concepts between ‘poor’ and ‘fair’
in terms of their gender-sensitivity. Overall, 47 % of the projects were considered to
address gender issues less than fairly (Fig. 25.3). Project concepts that were rated as

Fig. 25.2 Distribution of scores corresponding to the question of whether the project concepts
contributed to gender equity or addressed gender-related issues
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‘good’ with regards to their contribution to gender-related issues on the other hand
represented only 18 % of the sample. Only 3 % of the evaluated sample achieved
the maximum score of 4, meaning that these project concepts fully addressed
gender-related issues or contributed strongly to gender equality. These results
provide empirical confirmation of the observation that despite the wide uptake of
gender mainstreaming rhetoric in research literature and the availability of
numerous guides on how to integrate gender into project concepts in the devel-
opment cooperation literature, gender still does not play a prominent role in energy
project planning.

However, when examining the data in relation to the development over time of
gender awareness in project design, it can be observed that over the last 6 years the
average score increased by over 0.6 points (Fig. 25.3). This trend in the data allows
for the assumption that in recent years gender issues have been better incorporated
into small-scale energy project planning. This might indicate that the theoretical
knowledge about the importance of gender in sustainable energy transitions and
lessons learned from previous project-level experiments is slowly becoming more
widely adopted by practitioners and project planners.

With regards to renewable energy technologies many publications point out that
gender issues are most widely addressed in the context of biomass fuels (Skutsch
2001; Dutta 2003). The stronger focus on gender in projects that use biomass as
renewable energy source is explained by the fact that the burden of providing and
using biomass fuels is strongly differentiated by gender. However, the fact that it is
generally women who are responsible for managing traditional biomass energy
sources at household level does not guarantee that women will also be the ones who
are trained, who make the decisions, or are responsible for the management and/or
ownership of modern biomass technologies. Consequently, projects focusing on
biomass as renewable energy source may benefit women but do not automatically
contribute to gender equality. This fact is also reflected in the results of the eval-
uation characterized by the technologies that were proposed in the project concepts
(Fig. 25.5). Project designs that utilize biomass only have an average score of 1.84,
similar to solar (1.82) and hydro technologies (1.86). Only project concepts that
focus on wind power score higher with an average of 2.14, meaning that these,

Fig. 25.3 Average score per
project concept for the project
cycles 2007–2012
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at least, fairly address gender-related issues. However, wind projects represent only
about 4 % of the evaluation sample, meaning that the number may not be con-
sidered as statistically significant. Taken as a whole, Fig. 25.4 shows that, based on
the analyzed sample, the choice of technology has no significant influence on how
far gender-related concerns are considered as part of the project idea. Project
concepts that focus on energy efficiency measures contribute even less to gender
equality, scoring on average 1.29. This low rating can be explained by the fact that
energy efficiency measures in the evaluated concepts mainly addressed the opti-
mization of energy appliances in public buildings. Often, the benefits of these types
of improvements cannot be differentiated by gender, which explains the low scores
for the contribution to gender equality.

As well as differentiation in terms of technology, the project designs were ana-
lyzed in terms of the effect of geographical location on gender concerns. The 192
reviewed project concepts were supposed to be implemented in over 40 different
countries; nearly half (47 %) were located across Asia, 32 % were located in Africa
and 14 % in Latin America, while only 5 project concepts were supposed to be
implemented in the Middle East. The average gender-sensitivity scores of the project
ideas in different regions are presented in Fig. 25.5. The low results for projects
concepts in the Middle East are particularly noticeable. However, as the number of
submitted project concepts for the Middle East is very small, these low scores cannot

Fig. 25.4 Average score
according to technology focus

Fig. 25.5 Average score
according to geographic
region
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be considered as representative. On the other hand, the better perception of gender
issues in project concepts located in Latin America can be considered to be statis-
tically significant. Additionally, the low gender-sensitivity rating of projects con-
cepts located in Asia (1.72) is of particular interest because a lot of research and
many empirical studies addressing the subject of gender and energy have been
focused on Southern and South East Asia (e.g. Reddy and Nathan 2013; Parikh
2011; Malhotra et al. 2004; Shailaja 2000). Therefore, the expectation was that
gender concerns would have been better integrated into concepts for sustainable
energy interventions in this region. Yet, this was not the case in the evaluation
sample as the average gender score of concepts for Asia (1.72) and Africa (1.77) did
not even score 2, which is the level designated for ‘fairly’ addressing gender
concerns.

Discussion

The main constraint of the presented study lies in the fact that it is limited to
analyzing project concepts, which restrict the ability to predict in what way projects
would actually contribute to gender equality in practice. While project concepts
might aim to integrate gender concerns in various forms during different project
stages the process of implementing these approaches into practice might proof to be
more difficult than expected. This results in less gender-sensitive implementation
models compared to the proposed project concept. Another restriction of the study
is that the evaluation is based on expert judgments. There is a risk that these
assessments can be biased based on expert’s background and experience. Therefore,
the extend to which gender issues are incorporated might be evaluated differently
by different experts.

Notwithstanding these limitations, the results suggest that nearly a decade after
Cecelski (2004) and Skutsch (2005) criticized the lack of perception of gender
concerns in the planning processes of energy projects and programs, surprisingly
little progress has been made. In the evaluation sample gender-related concerns are
still only incorporated to a limited extent into project concepts across technologies
and regions. However, there are indications that this situation is gradually changing.
To push this development further, enhanced information and knowledge exchange
between science, donor and implementing organizations and practitioners is nee-
ded. Furthermore, knowledge about the limitations of the gender approach must be
further explored as, for example, the potential influence of small projects on gender
roles may be restricted. As different authors point out (e.g. Pachauri and Rao 2013;
Skutsch 1998), one of the main reasons for the limited uptake of gender perspec-
tives is that energy project managers often see gender equality as a cultural matter
that cannot be influenced by individual energy projects. To really understand the
type of long-term effects that small projects can have, further research is needed.
Empirical evidence is required to demonstrate how, or even if, local project-level
experiments affect women and men differently, and whether the role of women can
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really be changed in the long term or if, eventually, men reassert their privileges.
Therefore, in order for gender to become a positive driving force, instead of a
barrier, in the transition process towards sustainable local energy systems, it is
necessary to generate more transformation knowledge by closer analyzing the
impacts and learning from the conducted experiments.

Conclusion

The results of this study show that even in concepts for small-scale sustainable
energy projects gender, as a subject is still not on the forefront of the agenda. Gen
der related issues were on average only addressed fairly. Merely 3 % of the sample
was categorized as fully incorporating gender issues. The additional analyses that
distinguished the integration of gender concerns based on the renewable energy
resources and geographical location produced similar results. Although small dif-
ferences existed between renewable energy sources as well as geographic regions,
these proved not to be significant. That gender related issues are not well perceived
in the conceptualization of sustainable energy projects suggests that the discourse
around the gender dimension of energy has not yet reached the practical as well as
the empirical level. Thus more efforts are necessary to intensify the discussion.
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