Jean-Claude Bolay - Silvia Hostettler
Eileen Hazboun Editors

Technologies
for Sustainable
Development

A Way to Reduce Poverty?

@ Springer



Technologies for Sustainable Development



Jean-Claude Bolay - Silvia Hostettler

Eileen Hazboun
Editors

Technologies for Sustainable
Development

A Way to Reduce Poverty?

= i I

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

s . UNESCO Chair in
h f

E ™ f " b
- Cultural Grganizmigg . Lausann; <Sw?lrzeriand]r @ SPrlnger
—




Editors

Jean-Claude Bolay

Silvia Hostettler

Eileen Hazboun

VPAA—Cooperation & Development Center
Ecole Polytechnique Fédérale de Lausanne
Lausanne

Switzerland

ISBN 978-3-319-00638-3 ISBN 978-3-319-00639-0 (eBook)
DOI 10.1007/978-3-319-00639-0
Springer Cham Heidelberg New York Dordrecht London

Library of Congress Control Number: 2013942980

© Springer International Publishing Switzerland 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of the
work. Duplication of this publication or parts thereof is permitted only under the provisions of
the Copyright Law of the Publisher’s location, in its current version, and permission for use must
always be obtained from Springer. Permissions for use may be obtained through RightsLink at the
Copyright Clearance Center. Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Foreword

Science and technology are accepted as the driving forces of economic growth and
social progress. Since the end of the twentieth century, they also constitute the
most promising instruments to fight against two afflictions undermining the sta-
bility of our planet: the deterioration of environmental resources and the ensuing
climate change; and the reduction of poverty, which today still affects close to
20 % of the world population.

World Bank statistics show that more than 1.4 billion individuals live on less
than US$ 1.25 per day. This reality concerns all of us, and every one of us is
moved, wherever we may be, with our knowledge, our expertise, and our desire to
improve the living conditions on our planet, for the benefit of all.

Scientists, researchers, and teachers are not oblivious to this mobilization. For
too long, they have been accused of living in an ivory tower. However, this does
not take into account that numerous scientific inventions, technological innova-
tions, and studies have allowed the implementation of products that promote
sustainable development, and that have a positive impact, environmentally, as well
as in social and economic terms—whether taking into consideration, for example,
solar energy, already widely spread across the world and steadily improving, or
telecommunications, that have led some authors to say that we now live in a
“global village”.

If such a conference has been convened at the Ecole Polytechnique Fédérale de
Lausanne (EPFL), it is because we are collectively aware that the stakes in
development are tremendous at the global level; inequalities persist and even tend
to expand in certain regions of the world. As scientists and instructors of future
engineers, we work at the earliest stages of achievements, which, one day, will
change the lives of the World’s citizens, but we also know that sometimes it will
be many years before laboratory discoveries are applied in the field. It is therefore
quite natural that we aim to strengthen relationships between researchers and
decision-makers; between scientists and industrialists; between academics and
beneficiaries; because it is from this dialogue that the best adapted solutions to
social demands and recognized needs shall emerge. This dedication to excellence
in education and research, to the internationalization of our collaborations and our
projects, and to solidarity have long guided EPFL.
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Foreword

The 2012 EPFL UNESCO Chair International Conference on Technologies for

Development reminds us that “planning and acting together” is a global objective.
This concern will be pivotal to our discussions. Three key questions will steer the
work of the conference:

What is an appropriate technology? In aiming to better determine the real needs
of the people in developing countries and in which way technology can address
these needs;

How to ensure an integrated sustainable development? In promoting interdis-
ciplinary research and establishing partnerships that bring together various
actors in development, public authorities, civil society, industry, and interna-
tional organizations;

What are the conditions for the co-creation and transfer of such technologies?
By ensuring through appropriate methods and the exchange of knowledge, the
sustainability of the innovations in the field and that their impact is beneficial
to all.

Prof. Philippe Gillet
Provost
Ecole Polytechnique Fédérale de Lausanne
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Chapter 1
Technologies and Partnerships

Silvia Hostettler and Jean-Claude Bolay

Abstract Appropriate technologies are technologies that are socially, culturally,
environmentally and economically accepted by the stakeholders. It is necessary,
therefore, to develop appropriate technologies in partnership with researchers,
government agencies, and industry. It is essential that this be done in a process of
co-creation with the beneficiaries. The development of appropriate technologies
must also include the appropriate strategy to implement and maintain them.
Innovative technologies have a central role to play in the effort to alleviate poverty
in this world, which today is still overwhelming, with 20 % of the world popu-
lation living on less than US$1.25 per day. The development of technologies that
are adapted to unreliable energy systems, or the lack of transportation or com-
munication infrastructure is indeed challenging. There are important constraints
and requirements that need to be addressed for any technological development to
succeed. However, it is encouraging to see that the development potential of
appropriate technologies is much larger than the challenges, as shown in this
publication’s case studies from fields as diverse as agriculture, renewable energy,
disaster risk reduction, ICTs and human settlements.

1.1 Introduction

One of the recurrent questions related to technologies for development is: “Are the
technologies appropriate for the promoters? — Or for the users?” This debate needs
to be placed in the current context that is structuring the contemporary world and
can no longer merely be reduced to a simple North—South opposition. During the
last 30 years, new economic powers have emerged, enjoying the benefits of
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globalization (liberalization of trade barriers and acceleration of communication
technologies, among others) (England and Ward 2008), while having to face
enormous challenges associated with climate change, urbanization, and poverty
that economic growth has only partially managed to curb (Stiglitz 2007). Even
though the number of the poor has globally decreased in percentage, social
inequalities have increased. Moreover, it is the rural and urban poor who remain at
the margin of progress, whether in social, health related or technological
advancement. In thinking of their practical applications, technologies must be
adapted to climatic, cultural and economic contexts (Bolay 2004), allowing ben-
eficiaries — professionals, clients, and citizens — to master them, and therefore
ensure optimal and sustainable utilization. If sustainable development aims to take
fuller account of environmental factors, and implement technologies to reduce
negative effects in this field, it also has to promote a more inclusive society and an
economy that is not only focused on short-term profit.

However, many companies from the West, as well as from emerging countries,
are looking for new markets while attempting simple technology transfers that will
not be successful as long as the technology is not adapted to its users and local
environment. For instance, according to the World Health Organization (WHO)
“about 70 % of the more complex [medical] devices do not function when they
reach their destination in developing countries”. Among the main causes identified
is the instability of the equipment to resist sudden changes in electrical current,
because it succumbs to heat, dust or moisture, or simply because there is no one
who knows how to use or maintain it (WHO 2010). Clearly, this type of tech-
nology is not adapted to the needs of many developing countries. As this is being
recognized, a number of research teams, among them EssentialTech' at the Ecole
Polytechnique Fédérale de Lausanne (EPFL), are developing medical equipment
that inexpensive, robust, easy to use, and most importantly; developed in part-
nership with the beneficiaries and industry. Being affordable is already a step in the
right direction; however, it does not mean technologies will be adopted if they do
not respond to the needs of the beneficiaries. Chapter 7 on appropriate irrigation
technologies in India, for instance, shows that low-cost is not always the deter-
mining factor in whether a farmer is willing to invest or not in a certain tech-
nology. Farmers preferred to pay for renting motorized irrigation pumps instead of
opting for low-cost but labor-intensive traditional treadle pumps, as advocated by
most non-governmental organizations (NGOs).

An appropriate technology has been defined as socially, culturally, environ-
mentally and economically accepted by the stakeholders (Pearce et al. 2012; IETC
2003). For a technology to satisfy as many of these criteria as possible, it has
o be developed in partnership with all stakeholders namely researchers, industry
and civil society. The EssentialTech program goes even further by developing an
entire value chain from the technical design to the deployment business model,
including manufacturing, logistics, commissioning, usage, maintenance, waste and

' http://essentialtech.epfl.ch
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recycling. This requires an interdisciplinary approach and partnerships with global
and local players in the private sector and with public authorities and civil society.
However, it is inevitable that a compromise will have to be made between the
adaptation of a technology to a specific local context and the objective of large-
scale deployment. This represents an important challenge because the perspective
of a large-scale industrial production requires standard designs to keep costs down,
while some level of adaptability to local specificities still needs to be maintained.
Local capacity building is a key factor for successful deployment of technology,
not only regarding the correct use of the technology and the maintenance, but also
with regard to having the ability to identify the local needs of different groups of
stakeholders that may have conflicting preferences. Furthermore, capacity building
is often required to enable local stakeholders to develop a long-term vision based
on sustainable development and the necessary commitment to pursue it. Therefore,
it is imperative that the development of appropriate technologies also includes the
appropriate strategy to implement and maintain them. Such an approach is
essential to reach the ultimate objective of technologies for development, namely
the reduction of poverty, which today is still overwhelming, with 20 % of the
world population living on less than US$1.25 per day (World Bank 2011).

In this publication, the concept of partnership is discussed extensively.
Successful partnerships are based on trust and communication and ultimately on a
willingness to share power amongst stakeholders. The ideal manner in which to
realize this has been analyzed in-depth by the Swiss Commission for Research
Partnerships with Developing Countries (KFPE).” Guidelines were elaborated and
formulated in 11 principles based on the belief that a fruitful partnership is “a
continuous process of sound knowledge generation, building mutual trust, mutual
learning and shared ownership” (KFPE 2012). Building a successful partnership
begins by setting the agenda jointly, is carried forward by being accountable to
beneficiaries and is completed by securing the outcomes. These are just three of
the 11 principles on which partnerships should be built. Few partnerships will
manage to implement all 11 principles faultlessly; however, all partnerships should
make a serious attempt to do so. Interestingly, KFPE has also examined seven key
questions regarding research partnerships, starting with the most obvious one:
Why work in partnership? First, it can broaden perspectives and networks, provide
institutional access and enrich the research process, many authors in this publi-
cation argue, however, that — more importantly — technologies in developing and
emerging countries will most likely fail if they are not developed in partnership
with stakeholders from the local context. For instance, as described in Chap. 6, the
partnership between the International Committee of the Red Cross (ICRC) with
local organizations, and in particular the clarification of the stakeholder’s
responsibility — another of the 11 KFPE principles — was crucial for the suc-
cessful implementation of biogas sanitation systems in prisons in Nepal, Rwanda
and the Philippines. After one year of operation, 11 of the 13 implemented systems

2 http://www.kfpe.ch
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were still functioning with excellent results in terms of technical performance,
economic viability, environmental impacts and social acceptance. Other organi-
zations, such as access2innovations based in Denmark, specialize in bringing
together and administering networks to form partnerships around specific tech-
nological innovations for development. In Chap 13 David Christensen presents a
case study from Vietnam in which a commercial venture was founded to address
waste management issues based on innovative technology. This project was
implemented in partnership with CARE International in Vietnam and Denmark,
Danish companies and local authorities in Vietnam. These examples show that
inter-cultural partnerships will inevitably lead to exchanges on underlying values,
which effectively promote relevant research contributions in a development con-
text. The systematic involvement of local communities and authorities accompa-
nied by capacity building and knowledge sharing significantly multiply the
chances of successful project implementation and ensuring long-term benefits. One
of the main challenges remains the sharing of power and knowledge amongst the
actors. This is crucial and at the same time quite difficult to achieve as, for
instance, the management of intellectual property rights still poses major obstacles
to equitable sharing of costs and benefits.

In an attempt to describe a process of technology development that is being
done in partnership with the relevant stakeholders, the notion of co-creation is
increasingly being used. Co-creation is considered to be more successful than
technology transfer due to the fact that local users are involved from the con-
ception, thereby steering the technology development in the direction most aimed
at beneficiaries’ needs and the local context. Interestingly, information and com-
munication technology (ICT) itself is empowering a growing number of intended
beneficiaries in developing countries to increasingly influence the development
initiatives that are planned for them (Pearce et al. 2012; Thompson 2008).

Several papers in this publication illustrate the benefits of involving the ben-
eficiaries throughout the process of technology development. For instance, in Chap
3, focusing on improving housing for the poor, Sytse de Maat argues that by
involving the slum dwellers, better-adapted solutions can be identified instead of
using industrially produced dwellings.

Industrially produced dwellings are typically used in slum rehabilitation pro-
grams with varying degrees of success. Sometimes the new type of dwelling
drastically changes the lifestyle of the intended beneficiaries. There are cases
where informal settlements are replaced by standardized mass housing with little
participation by the inhabitants of the slums. The author maintains that an
appropriate strategy consists in changing from a “user-participation” to a “user-
driven” development thereby using the creativity of the users for developing the
appropriate technology that does indeed respond to their needs. After all, they have
managed to create informal settlements for themselves for decades. Chapter 14 by
Marija Cvetinovi¢ also illustrates the potential of ICTs to empower civil society in
Serbia. ICTs allow them to become actors in the transformation and creation of
their cities via a virtual resource database. So, what can be done to support pro-
cesses of co-creation? Which methods and instruments can be used? Chapter 11 by
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Francesco Vitali on the development of improved cooking stoves in the Logone
valley in Chad and Cameroon illustrates an approach that is based on the
involvement of the beneficiaries at each step of the project. The aim of the project
was to reduce wood consumption by improving the cooking technology and
generating income. Initially, local cooking practices were examined and discussed
with the local community in order to be able to meet their needs and priorities.
Then, the technical performances of several stoves were tested; and finally, the
Centreafrican stove, a model suggested by the local research center, was chosen,
thereby ensuring long-term production systems and maintenance. This study also
serves as a good example to illustrate how local knowledge can be included in
research that is otherwise rarely well undertaken. Another excellent example is the
work of Mahesh Neupane on developing rural cold storage systems in Nepal in
Chap 9. In many rural areas of Nepal, electricity is unreliable or absent, therefore
electricity-based storage systems like refrigerators for fresh farm produce are not
an option. Mahesh developed a rural cold storage system (RCS), based on evap-
orative cooling and constructed with local materials such as bricks, sand, water,
clay, straw, and bamboo, in close collaboration with the local farmers. The RCS
can be constructed at a total cost of maximum US$120-$130 for a storage capacity
of 200-300 kg of farm produce.

The concept of co-creation is used to describe a process where innovation is
based on cooperation and mutual learning and takes into account not only the
technological aspects but also the broader organizational, economic and social
context. While the benefits of early involvement of local partner institutions and
beneficiaries remains undisputed, there may be cases where an introduction of
disruptive technologies meets with resistance from local population and politics;
but this can potentially raise awareness about environmental issues and support
policy changes. Chapter 23 on the introduction of fog collection technology
developed by a Canadian NGO in Chile and Guatemala shows how a project that
started with a technology transfer can evolve into a co-creation participatory
process substantially increasing local organizational capacities.

New technologies can improve the lives of many people, but they can also
worsen the situation for those not having access to them, or even create conflict
regarding access and benefit sharing (Ferguson et al. 2010). For instance, if a
minimal financial contribution by the beneficiaries is needed to access a tech-
nology, this might be impossible for those who are extremely poor. Therefore a
new technology can potentially increase the divide between the poor and the very
poor. Consequently, successful technology development and deployment is not
enough. Thorough knowledge of the local context is also required to put measures
into place that allow the adoption of the technology by all segments of the intended
beneficiary population. This might involve providing training to those who do not
know how to use or benefit from the technology.

In Chap 20 on research and innovation, Luc Soete highlights the importance of
endogenous innovation processes that are replacing the traditional technology
transfer or imitation models. In the new models, he argues that re-using and re-
combining existing technologies with new knowledge will very often result in the
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most appropriate technology because it has been developed by local users in local
contexts where the technology will actually be used. Therefore he argues, the
notion of “appropriate innovation” reflects this process better than “appropriate
technology”. Soete goes further by arguing that reverse transfer of technology —
feedback from the Bottom of the Pyramid3 (BoP) users in the South to designers
and technology developers in the North — might arguably be one of the most
exciting trends in technology development. Such processes might be the starting
point for new alliances between local communities, NGO’s and multinational firms
to address the needs of BoP users at lower prices and adapted to unreliable energy
systems, and the lack of transportation or communication infrastructure. Tech-
nology development in these conditions is challenging indeed; there are important
constraints and requirements that need to be addressed for any technological
development to succeed. However, innovative technologies have a central role to
play in the effort to alleviate poverty in this world. The potentials are much larger
than the challenges, as the case studies from fields as diverse as agriculture,
renewable energy, disaster risk reduction, ICTs and human settlements, in this
publication encouragingly show. Academia, civil society, local communities,
governments, NGOs and industry need to increase collaboration and form effective
partnerships in order to identify innovative solutions that are able to reduce
poverty and lead the way towards more sustainable development at a global level.

This publication reflects on the outcome of the 2012 EPFL UNESCO Chair
International Conference on Technologies for Development. It is structured into
four sections of which the introduction is the first part. The papers in the second
section focus on the question of appropriate technologies and in particular on the
needs and participation of the various stakeholders. The third section investigates
questions related to sustainable integrated development. Finally, the papers in the
fourth section illustrate the need for empowerment, knowledge sharing and the
role of innovation.
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Part 11
What is an Appropriate Technology?



Chapter 2

The Role of Science, Technology

and Innovation Policies and Instruments
for a Paradigm Shift Towards Sustainable
Development

Lidia Brito

Abstract There is an increased recognition that Science, Technology and
Innovation (STI) can spur inclusive and sustainable development in multiple ways.
For STI to be a driver for sustainable development it is important that Develop-
ment Agendas are people-centered, creating an enabling environment for the
power of STI to be a harness for development. This implies that countries and
regions have to develop, implement and monitor their national and regional STI
policies and programs that promote knowledge production, dissemination and
utilization as well as the development and appropriation of technologies that spur
innovation not only at large production facilities but also at grassroots level,
involving small and medium enterprises (SMESs), as part of a broader development
agenda. These frameworks require that special attention is given to human capital
development, a fundamental block of any sustainable development agenda, and to
governance mechanisms that promote broader participation in decision making in
STI related issues, in particular promoting the participation of vulnerable groups
such women, youth, Small Islands Developing States (SIDS) and indigenous
people. This paper argues that STI policies need to be transversal, cross—cutting
policies that support and build the structural pillars for sustainable development
and through dialogue, engage the wide range of development stakeholders. It also
explores the ways UNESCO intervenes in this strategic area for development
through the design, planning, formulation, monitoring and evaluation of national
and regional STI strategies and policies (including reforms), as well as thorough
building the national and regional capacities in science and in public policy
development, and the development of national, regional and global fora on STI
and development.
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2.1 Introduction

In today’s highly interconnected world, human beings, as part of the biosphere, are
considered the major force impacting our planet; therefore, the human species is
facing a crucial transition period. In this uncertain stage of human history, vul-
nerabilities and risks are high but also are opportunities for socio—ecological
changes and transformations. What is important is that global sustainability
becomes the foundation of our interconnected and interdependent global eco-
nomic, social and environmental systems.

The reality, however, is that we still promote a model of development based on
the premises that development is a process of structural changes that will imply a
series of historic steps that developing countries have to follow in order to move
from a traditional society to a more modern one in order to reach the present levels
of mass consumption of developed countries. This model assumes that industri-
alization is the main driver of growth, and consequently the degree of development
is essentially measured by levels of production and consumption, using indicators
such as Gross Domestic Product (GDP) and per capita income, ignoring other
relevant information such as social equity, life expectancy at birth, redistribution
of wealth, access to educational and health systems, absence of violence, envi-
ronmental sustainability and other indicators that measure better the improvement
of living conditions and welfare of all.

It is in this context that concepts such as Knowledge Economy, defined as an
economy where “the generation and the exploitation of knowledge have come to
play the predominant part in the creation of wealth” (DTI 1998), gained root and
became the paradigm of most of the interventions in the field of Science, Tech-
nology and Innovation (STI).

However it is clear that with the financial, energy, food and environmental
crisis that the world, as a whole, is facing nowadays, a paradigm shift will have to
occur, in particular in economies that are extremely vulnerable to global trends and
issues such as the economies of the Least Developed Countries (LDC) and Small
Islands Developing States (SIDS), in particular in Africa.

It is high time to acknowledge that integrating environmental, educational and
social issues into economic decisions is vital to humanity. It is time to reaffirm that
economic and financial crisis cannot be solved without deeply transforming the
way we consume, we produce, and we interact with our planet.

Clearly, part of the problem rests in the fragmented and restricted analysis on
which we base our decisions, in the predatory nature of the globalization process
occurring today, and in the fact that local problems need more and more global
solutions.

In order to address the causes of the present crisis it is important to look at
knowledge in a different way, not only as a driver for the economy but as the main
driver for the empowerment of the people in the different societies. The concept of
Knowledge Societies, defined as societies that have a culture of science and use
knowledge to act, is therefore a better one to use when discussing STI and
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development, but unfortunately is still only part of the discourse and rarely
integrated and used in the design of policies, programs and interventions. It is
needed that alternative models for development are discussed and that they inte-
grate concepts, such as the one on sustainable societies, concepts that supports the
paradigm shift from a knowledge economy to knowledge societies.

These alternative concepts of development defend that we should think in the
diversity of sustainable societies, with economic and technological options that are
differentiated, that are geared towards a harmonious development of the people
and their relationship with the natural world, clarifying the boundaries of a new
ethical behavior in the relationship between nations and its people, and placing the
common good in the front of development interventions.

In itself this implies that more than one development model is needed, and that
nations and regions should choose models that are interlinked and interdependent
and that reflect visions of the world that are locally relevant and culturally
appropriate.

In that sense we are talking about development models that are people-centered
and inclusive; models based on local realities that take advantage of local
knowledge and innovation capacities; models that start from the country’s
potential to solve both local and global issues and that strives to create a culture of
ingenuity, science and technology. Models that capture the complexity of our
development challenges and the dynamics of the natural environment we live in. It
implies that we have to embrace the values, behaviors and lifestyles required for a
sustainable future and in that process strengthen two critical drivers for develop-
ment: ethics and empowerment. It is about building up conviction and commit-
ment to pursue a better development path; it is about using diversity to sustain
growth.

The concept of sustainable development has experienced an extraordinary rise
over the past two decades and now pervades the agendas of governments, inter-
national organizations and corporations as well as the mission of educational and
research programs worldwide. Although there are some earlier antecedents, these
ideas had their formal appearance with the Brundtland Report, Our Common
Future (1987) and the results of the United Nations Educational, Scientific and
Cultural Organization (UNESCO) and the International Council for Science
(ICSU) World Conference on Science (1999). At the same time a list of important
and influential documents were published, showing the relevance of sustainable
development within the global agenda (Clark and Dickson 2003; Kates et al. 2001;
NRC 1999; Parris and Kates 2003; UNCED 1992) conforming the bases for the
organization of a new research and innovation paradigm.

As mentioned in the State of the Planet Declaration (Planet Under Pressure
2012): “The defining challenge of our age is to safeguard Earth’s natural processes
to ensure the well-being of civilization while eradicating poverty, reducing conflict
over resources, and supporting human and ecosystem health.”

This is a clear challenge to science and engineering. For it requires building
scientific and technical skills and to develop the social support to apply them
(Brito 2005).
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The international scientific community has an important role to play in finding
alternative solutions to the development challenges of today. This has implica-
tions, it means that the scientific endeavour will have to integrate the different
disciplines and move from interdisciplinary to transdisciplinary, to build the
knowledge needed for finding more sustainable paths for the future.

It is interesting to see that sustainability science, as a new paradigm, has been
applied more and more in the last decade and those large programs such as Future
Earth are taking roots in the scientific community and growing. However, when we
look at the distribution of research projects that have sustainability science at the
core we realize that the African Continent is lagging behind, once again
(Bettencourt and Kaur 2011).

Therefore, if we want a planet that will continue to develop and strive towards
improved living conditions for all its citizens, sustainable economic growth and
environmental sustainability specific policies, programs and actions that promote
the production of knowledge, technologies and innovations needed for sustainable
development have to be in place everywhere in the world.

These challenges pose important questions:

e What are the core scientific questions and issues that must be addressed in the
decades ahead that will form the foundations for sustainability science, tech-
nology and innovation?

e What research strategies will be required to enable the scientific inquiry and
facilitate the research to address these core questions of sustainability science?

e What kind of innovation strategies will be required to transform the human
productive system worldwide to address the environmental and societal prob-
lems that the planet and life are facing?

e On STI Policies and STI Governance: (a) What systems of incentive struc-
tures—including markets, rules, norms, technological impact, and STI infor-
mation—can most effectively improve social capacity to guide interactions
between nature and society toward more sustainable trajectories? (b) How can
today’s relatively independent activities of research planning, monitoring,
assessment, and decision support be better integrated into systems for adaptive
management and societal learning?

e What innovations and changes will be required to more fully enable the insti-
tutions and infrastructure essential to the conduct of sustainability science and
technology?

These are difficult questions that have to be answered if an enabling environ-
ment is to be created. Several concrete actions can be pursued to create the right
environment for STI to play its role in development:

e Develop research and innovation policies that are cross—cutting and creating
structural base for the other policies:

— Strengthening science and engineering education at all levels;
— Promote policy integration in the country, region and continent;
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— Improve and scale-up research and innovation programs in crucial and stra-
tegic areas for development;

— Spur innovation in the productive sector, including small and medium
enterprises (SMEs);

— Popularize science and engineering in society.

e These traversal, cross—cutting policies should have associated with several
instruments and mechanisms that promote policy implementation and the
capacity to monitor and evaluate the impacts and the needs for new policies,
such as:

— Develop steering mechanisms: peer-review, financial instruments, institu-
tional and research agendas linked to development agendas in the country and
in the region;

— Develop mechanisms to measure and produce high quality STI indicators;

— Ensure the knowledge cycle in society (identification, production, transfer,
appropriation and re-creation of knowledge) happens by building the critical
mass in society through actions in Higher Education Institutions, including
Engineering Schools, science education needs to be reinforced at all levels
and stronger partnerships between universities and industry are needed.

e Build Networks of Excellence that ensures knowledge production and identi-
fication of existing knowledge. Implying that the Centres do more than sharing
ideas, but move towards a common research agenda, have more human capacity
and more resources, building synergies for institutional sustainable growth
within Africa and with other parts of the world and allowing for:

— Deep understanding of factors influencing global policy making processes;
— Capacity to contextualize the policies at national and regional level;

— Capacity to critically analyze impacts;

— Capacity to develop alternative policies.

¢ Building bridges between development actors by mobilizing the social energy
around a common vision of development, developing the social contract with
science through the supporting endogenous capacities and by using diversity to
sustain development.

e Build ownership and commitment: engage local stakeholders in the design,
implementation and resources mobilization by including society in the Networks
of Excellence through:

— Building Centres of Excellence that are embedded in the society;

— Build partnerships frameworks between the scientific community, Govern-
ment, productive sector and civil society;

Develop link between knowledge-technology and practical solutions to
everyday problems;

Developing local industry through promotion of partnerships and access to
knowledge.
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e Fair trade: negotiate better intellectual property rights and market conditions.

Policymakers need to have a better picture of their national, regional and global
performance with regard to the distribution of knowledge and to estimate the
magnitude of the loss of potential innovation due to the limitation of the STI policy
instruments which are applied. In this context, a better understanding of the long-
term evolution of STI policy institutions and organizations as well as their gov-
ernance characteristics is also needed.

As a specialized agency of the United Nations (UN), UNESCO contributes to
the building of peace, the eradication of poverty, sustainable development and
intercultural dialogue through education, the sciences, culture, communication and
information. In fulfilling its mission, UNESCO will carry out for the international
community its five established functions: (a) Laboratory of ideas; (b) Standard-
setter; (c) Clearing house; (d) Capacity—builder in Member States in UNESCO’s
fields of competence; and (e) Catalyst for international cooperation. To promote
sustainable development, the UNESCO Division of Science Policy and Capacity
Building is promoting two projects: the Global Observatory on STI Policy
Instruments (GO—»SPIN)1 and the STI Global Assessment Programme (STI-
GAP)”. The GO— SPIN platform is based on a recently designed methodology for
the standardization and systematization of information on STI policies, policy
instruments and indicators that provide new and revolutionary tools for knowl-
edge-brokers, decision-makers and STI policy experts. STIGAP is being prepared
with the objective to develop a global dialogue on data collection that will result in
the capability to better assess the development of STI at the international, regional
and national levels. This assessment will enable the formulation of more appro-
priate recommendations on policy-making for Member States. Both initiatives not
only fulfill the five functions of UNESCO, but also contribute for the generation,
analysis, diffusion and sharing of adequate information about complex societal and
nature systems. Contribute for the definition of strategies for science, engineering,
technology and innovation which are the most valuable assets needed for the
establishment of STI policies that can promote long-term planning for sustainable
development.

Through UNESCO Chairs/UNITWIN Programme capacity development in
higher education in developing countries is a priority and to support higher edu-
cation networking is a strategy of UNESCO since the 1990s. The UNITWIN
Programme has changed over time and it aims to impact socio—economic devel-
opment effectively, generating new ideas through research and reflection, and
facilitating the enrichment of existing university programs while respecting cul-
tural diversity, by promoting transdisciplinary work and the role of the Chairs as

! http://www.unesco.org/new/en/natural-sciences/science-technology/sti-policy/global-
observatory-on-policy-instruments/

2 http://www.unesco.org/new/en/natural-sciences/science-technology/sti-policy/indicators-
statistics-and-prospective-studies/science-technology-and-innovation-global-assessment/
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“bridge builders” between academia, civil society, local communities, research
and policy-making.

The UNESCO Chair in Technologies for Development, established in 2007 in the
Cooperation & Development Center (CODEV) at the Ecole Polytechnique Fédérale
de Lausanne (EPFL) in Switzerland, fully plays the dual function of “think-tank”
and “bridge-builder”, effectively promoting transdisciplinary research technology
adaptation through partnerships with local institutions, in order to develop inno-
vative solutions for the most vulnerable populations.
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Chapter 3
New Vernacular Architecture as
Appropriate Strategy for Housing the Poor

Sytse de Maat

Abstract Improving living conditions of the poor often involves a drastic change
in lifestyle, in order to fit daily life into industrially produced dwellings. Slum
rehabilitation programs replacing informal settlements with standardized mass
housing, have often resulted in a mismatch of inhabitants and their built envi-
ronment. Participation strategies meant to counter this problem, show little effect
unless the user is in charge. What is the problem with development and partici-
pation? This paper will discuss ‘housing the poor’ as a case to illustrate how
industrialization and systemization are at odds with participation. We will consider
two ways of producing housing: industrial mass housing, and informal settlement.
The focus is on the connectedness of the user, the inhabitant, with his dwelling. It
will lead to the observation that participation aims at meeting the diversity that is
natural to human beings, whereas systemization requires and produces the oppo-
site: uniformity. Moreover, the term user-participation implicitly states the user is
an outsider participating in developers’ projects, which after all are dominated by
the interests of the construction industry. An Appropriate Technology-approach in
housing the poor would benefit from a focus on user-building interaction as it taps
directly into people’s most powerful resource: creativity. Western systemization is
not the only route to improvement. Strategies based on vernacular are at least as
effective, appropriate, and humanly sustainable.
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3.1 Introduction and Purpose

When your tool is a hammer, everything looks like a nail (Anonymous).

Improving living conditions of the poor often involves a drastic change in
lifestyle, in order to fit daily life into industrially produced dwellings. Slum
rehabilitation programs replacing informal settlements with standardized mass
housing, have often resulted in a socio-cultural mismatch of inhabitants and their
built environment. This phenomenon shows resemblance with capital-intensive
development aid that sparked the Appropriate Technology-movement in the 1970s,
which called for prioritizing people over production. In urban strategies today,
user-participation has resulted in Appropriate Technology-concepts like ‘action
urbanism’, ‘action design’, ‘social production’, ‘regenerative design and devel-
opment’ and ‘user-driven development.’

The term ‘user-participation’ however, implicitly states the user is an outsider
participating as a guest in the designers’ and builders’ projects, which after all are
dominated by the interests of developers and the construction industry. The gap
between the user’s informal economy and the developer’s capitalized economy
makes many housing-the-poor projects eventually non-appropriate.

Apparently, rehabilitation programs, development projects, appropriate tech-
nology, and user-participation do not all move in the same direction and some-
times even collide. One could even say that development and participation have
opposite objectives. The purpose of this paper is to identify the underlying pattern
of conflicting interests, and to find a common focus that could serve as a shared
ambition.

3.2 Design and Methods

This paper will discuss ‘housing the poor’ as a case to illustrate how industriali-
zation and systemization are at odds with participation. To do this, we will con-
sider two ways of producing housing; one is industrial production of mass housing,
the other is informal settlement. The focus will be on the user, the inhabitant. Next,
we will discuss the distinction between housing for personal use and housing as a
commodity made for the market. It will bring to bear the value of vernacular
architecture as a housing strategy, free of the restrictions that come with sys-
temization. It will lead to the observation that participation aims at meeting the
diversity that is natural to human beings, whereas systemization requires and
produces humanly inadequate uniformity.

This paper is written as part of research on the role of bodily interaction with
buildings in bonding with the habitat. Thorough understanding of how built
structures are used by their inhabitants as instruments for well-being, living, and
livelihood, lies at the base of appropriate strategies for housing the poor.
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It is the author’s belief that the bodily interaction of the user with his envi-
ronment is essential in environment cognition and place attachment. The research
aims at testing the hypothesis that satisfaction with the built environment is an
existential issue that gains from (instrumental) bodily interaction. Appropriate
Technology, Needs and Participation refer to appreciation of the role of the user,
and in order to understand that role, we have to study the fundamentals of how
people relate to their environment. Once we understand these, we can give
meaning to participation.

Literature study has focused on: (1) how user-building interaction has devel-
oped under mechanization and systemization; (2) how bodily interaction is part of
environmental perception; (3) how bodily interaction supports habitat cognition on
an existential level. The first of these focuses will be leading in this paper.

3.3 Results

Before discussing how industrialization and systemization are at odds with par-
ticipation, we will make some comments on the concepts of poverty and sus-
tainability in order to reveal unexpected potentials that lie hidden in informal
settlement.

3.3.1 Poverty

In considering ways to reduce poverty, it is important to note some obstacles in
measuring poverty. These obstacles not only hinder proper assessment of the
extent of poverty, they also obscure vision on the real needs.

First, in developed countries assets can be precisely measured through property
systems such as cadastres, vehicle registers, bank accounts, etc. In developing
countries however, such systems function less well as they are either poorly
developed, inadequate, too complicated, or not accessible for the poor. A basic
issue such as illiteracy already has a crippling effect on the access to formal
property systems. As a result, many of the assets possessed by ‘the poor’ are
invisible in the statistics. Much capital and wealth is thus not measurable and
therefore considered not present. The blanks in the statistics are easily interpreted
as zeros. Research has shown that this invisible capital and its subsequent
potentials are of considerable extent (de Soto 1989, 2000). Part of poverty comes
from the immobility of such capital and economic strategies like land titling aim at
bringing capital to life.

Second, the picture of poverty is distorted by the emphasis on financial
resources and the overlooking of the greatest resource of all — individual initiative.
Lower-income owner-builders are more capable of satisfying housing needs than
institutions tend to assume (Grenell 1972; Grindley 1972; Neuwirth 2005). In
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addition, the preoccupation with economic value diverts the attention from other
reasons for satisfaction found in urban slums, such as valuable social networks,
strong sense of belonging (Fried and Gleicher 1961; Mehta 2004), or the exis-
tential value of fulfillment of man’s need to utilize his internal resources (Rapoport
1969).

Third, from the wealthy point of view, informal settlement is an expression of
poverty as its appearance does not meet the aesthetics of the well-to-do. No matter
how much money is going around in the informal economy, its looks, its chaotic
appearance, its informality, are all qualities that do not match the image of sys-
tematic order and thus the power of the establishment. Labeling informal settle-
ment as poverty that should be reduced, is part of sustaining the aesthetics of high
technology. Charity is an activity of the higher classes that, besides helping those
in need, serves the expression of their power (Veblen 1899). Although class
systems may in general have escaped our attention, the mechanism lives on in the
concept of developing aid. The novelty of appropriate technology was that it
challenged the superiority of advanced technology.

3.3.2 Sustainability

Providing sustainable solutions in development aid is an honorable ambition, as it
is clear that the ecology of the planet needs protection. In the case of reducing
poverty however, the challenge is twofold. Not only should the future situation be
more sustainable than primitive industrialization, chances are that ‘development’
will bring something less sustainable than the existing situation. High densities
result in short distances, low car ownership, and efficient use of amenities and
resources (Brand 2010). Much of the present relatively small ecological footprint
comes from the close coherence of all aspects of living in informal settlement.
Moreover, the sustainability of developed areas may be dependent on informal
settlements. In Mumbai for example, squatter areas host a highly effective recy-
cling industry.

3.3.3 User-Building Interaction Under Mechanization
and Systemization

A way to assess a country’s level of development is to look at its degree of
systemization. In developed countries, local systems are highly interconnected and
facilitate interlocal interaction. Borders between systems are easy to cross. The
further systems are integrated, the easier people can interact. In developing
countries the interconnection of systems is limited, which keeps people from
operating outside the local circle (de Soto 2000). At the same time, systemization
is a key ingredient of industrialization and capitalization and much of the West’s
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material and financial wealth is created by means of systemization. The problem
with high-tech development aid is its misfit with the local level of systemization,
and appropriate technology strategies aim at finding the right fit (Akubue 2000;
Willoughby 1990).

Systems work best when simple, and for that they need standardization of input
and output. Systemization’s need for uniformity comes from its inability to deal
with diversity. A fundamental problem in industrialized production is that
mechanization and standardization cannot handle the diversity of the organic
(Giedion 1970). Not only the physical diversity of human bodies is contradictory
with standardization, social and psychological differences are not suitable for one
size-fits-all either. In other words, user’s autonomy [self-determined] as in par-
ticipation, is incompatible with the heteronomy' [other-determined] of systemi-
zation (Turner 1976).

A natural way of dealing with diversity is creativity. It allows us to respond to a
potentially infinite range of phenomena, and creativity generates a sense of control
and a feeling of accomplishment. Dealing with diversity puts us in contact with the
world; it helps us feel who we are. Unlike that, creativity’s counterpart systemi-
zation alienates us from our self. This feeling of alienation is what brought the call
for user participation in urban planning.

Participation is about the degree of autonomy of the dweller, and ‘Dweller
Control’ is a perspective that radically prioritizes that autonomy. John Turner in
the 1970’s developed several ‘laws’, of which the first states that: “When dwellers
control the major decisions and are free to make their own contribution to the
design, construction or management of their housing, both the process and the
environment produced stimulate individual and social well-being. When people
have no control over, nor responsibility for key decisions in the housing process,
on the other hand, dwelling environments may instead become a barrier to per-
sonal fulfillment and a burden on the economy” (Broome 2011; Turner et al.
1972).

In rehousing programs, a common strategy is the industrialized mass production
of dwellings, often stacked in high-rise. The advantages of high-rise are limited.
For one, building higher than five storeys barely contributes to more efficient land
use (Correa 2008). Daily power cuts, even when scheduled, are a serious problem
for those living on the higher floors where elevators are indispensable. Lack of
maintenance of building services, which tends to come with low cost housing, is as
problematic. Social cohesion suffers when homes are stacked, as the perceived
distance to neighbors on a different floor is bigger than to those next-door. Studies
show a negative effect on mental health (Alexander 1977). Moreover, combining
household and work is easier in ground bound dwellings, and much livelihood
simply requires direct access at street level.

! Immanuel Kant defined heteronomy as: an action that is determined by some outside influence
(i.e., some force other than the freedom given by practical reason, such as inclination) impelling
the subject to act in a certain way (cf. autonomy) (Palmquist 2000).
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Industrialized housing production inevitably comes with standardization, which
often results in dwelling layouts that are literally of average fit with inhabitants
needs. At best, the design contains certain flexibility, which means that a solution
serves several needs through offering a compromise, in itself a symptom of the
inability to provide housing that meets user’s demands (Forty 2000; Hertzberger
1991). In informal settlement, large social networks and extended families are
common patterns and these are reflected in the built environment. Built structures
are being changed continuously to fit and keep up with diversity.

This process of adjusting is part of the interaction of users with their envi-
ronment, and contributes to their attachment with it. Improvements and decora-
tions are reflections of the self of inhabitants. It goes without saying that making
such adjustments in concrete high-rise is near to impossible. Not only the physical
properties of reinforced concrete will keep users from making things fit with their
lives, so will formal conditions. Building codes, shared property statements and
lease contracts do not favor individual initiative. Especially rented housing limits
adjusting to zero. This way, humans are forced to adapt until they themselves meet
standards. The same goes for families, which, contrary to the culture, are trimmed
to the standard format called the nuclear family (Lang 1989). Le Corbusier’s
‘machine a habiter’ (1992) is in many ways a valid metaphor for Modernism.

On an urban scale too, planning and engineering tend to create environments
that restrict rather than facilitate diversity. Rahul Mehrotra described Mumbai as a
disconnection of the Kinetic City, which is the city of living, using, the users,
adaptation, and festivities, and the Static City of planners, urbanists, architects and
engineers (Mehrotra 2009).

3.3.4 Effects of Industrialized Building Production

Miserable housing conditions automatically become part of the economic weaker
section of society, as the short supply of proper housing leaves those without the
money empty handed. This shows clearest in countries with high-income disparity.
In countries with more level incomes like Japan, the burden of housing shortage is
spread more evenly. For example, many commuters spend the night in hotels
during the week and return home in the weekend making homelessness a part-time
condition of which even executives suffer (Kerr 2001).

Following the market mechanism of supply and demand, the demand for housing
is answered with mass production of low-cost dwellings. Production of uniform
units in large quantities is used to reduce costs per unit and this uniformity demands
the exclusion of the individual future inhabitant, the user. For optimal return on
investments, housing should be as average as possible and changes should only be
made in the interest of capital. User-building interaction is translated into func-
tionalistic concepts, based on the deterministic idea that a certain design goes with a
certain behavior. The idea that people have to be able to adjust their dwelling in
order to make it their home does not fit with standardization. User’s individuality is
contradictory to mass housing.
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Preliminary field research in informal settlement has shown that developers can
meet resistance when inhabitants cannot recognize themselves and their way of
living in proposed rehabilitation projects. Dwellers even expressed their preference
for informal settlement over industrially built mass housing.

Similar effects can be found in today’s high-tech office buildings, which show a
trend towards technical autonomy and exclusion of the user. Doors open auto-
matically, lighting, heating, and ventilation are managed centrally. User-building
interaction is brought to a minimum in the name of comfort, energy saving, and
sustainability. As a result, users experience a lack of sense of control, consequent
stress, and a general inability to feel at home.

3.3.5 User Participation, a Call for Creativity

Experiences with too uniform mass housing have led to the call for user partici-
pation in the planning process. The aim is to bring back the character of the
individual user in the design. In understanding the potential reach and limitations
of participation, it is important to recognize who has the authority and knowledge
to change the design and the built structure. This authority to change is an essential
condition for the user’s creative interaction with the habitat. Ultimately, in true
user participation the user would have that authority. In any development however,
the reality is that the stakeholder who takes the highest risk is always in charge,
and the highest risk is on whoever makes the biggest investment. Thus, prioritizing
economic value over the interests of the user marks all projects in which stake-
holders are related to each other in a market fashion. Only when the user himself
makes the biggest investment, this market interference can be avoided.

The concept of users being in charge of construction is part of several suc-
cessful strategies. Studies in the United States have shown that owners-builders are
well capable of producing satisfactory housing in the lower economic section of
society by bringing in their own initiative, ingenuity, and energy and thus avoiding
the financial burden that comes with outsourcing (Grindley 1972). Another strat-
egy, sparked by the ideas of J.F.C. Turner in a working paper for a 1966 UN
seminar (Turner 1976), is the scheme of ‘site and services’ in which land plots are
sold within the economic reach of the poor, including the utility services that
require neighborhood scale investments. The new owners can develop their home
according their own ideas and resources. ‘Site and services’ is based on the rec-
ognition that most poor families built their own shelter. Several factors contribute
to its success. First, full room is given to user participation, which helps to avoid
the misfits resulting from industrialized production. Second, the actions involved
in creating, operating and using the building contribute to the user’s feeling of
accomplishment, sense of belonging, attachment, and ultimately establishing a
dwelling that is a reflection of the self. This strategy was developed in India by
Christopher Benninger and later adopted by the World Bank. The success of these
low intervention strategies compared to industrialized production or capitalization-
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based solutions, brings forward an alarming extrapolation: might informal settle-
ment be a solution rather than a problem?

Informal settlements routinely get bad press and are often deliberately referred
to as slums. Even though research is showing that crime rates are relatively low,
media keep building the opposite image (Neuwirth 2005). Despite the tight knit
social networks and the strong social control that come with high densities,
squatter settlements are being portrayed as places of chaos and anarchy. Behind
this wall of bad publicity however, live a billion squatters in self-created dwellings
making optimal use of means and resources. The communities show normal social
order where people care about their children, each other, and the neighborhood.
Their informal economy is of considerable proportions and is indispensable for the
formal economy. Their way of dealing with housing shortage deserves recognition
as it shows that housing improvement by users themselves is often more desirable
than top-down imposed replacement (Brand 2010; de Soto 2000; Neuwirth 2005;
Mehta 2004; Turner 1976).

The above shows how user-building interaction and all variety and adjustment
that come with it, is at odds with the capital driven market economy. In order to
make something sellable on the market, one should not be emotionally attached to
it, i.e. it should not be a reflection of one’s self. User satisfaction and attachment
with the environment however, call for the opposite: focus on use and creativity,
away from uniformity and commodity. In order to reduce poverty, appreciating
this attachment is an important instrument as it taps into more resources than only
the material and systemic. Individual initiative and the involvement of one’s own
hands in creation of the dwelling add existential values that are unknown to
industrial mechanical production (Alexander 2002; Pallasmaa 2009). Moreover,
satisfaction is simply greater as “Deficiencies and imperfections in your housing
are infinitely more tolerable if they are your responsibility than if they are
somebody else’s” (Ward 1976).

An alternative approach today is New Vernacular Architecture as described by
Frey (2010), in which architects and planners participate in the world of the users
and their builders. It is marked by horizontal exchange of expertise and based on
economic equality. Its appropriateness lies in its match with the realities outside
the economy of commoditization and capitalization, hence the term vernacular.

To start with, the ultimate appropriate building technology in a given setting is
the local technology already in use for a long time, i.e. vernacular architecture.
Vernacular is generally distinguished from high-style architecture, which aims at
being innovative and breaking with the past. Anthropologist Amos Rapoport
reviewed and redefined the term vernacular by sets of product characteristics and
process characteristics (Rapoport 1990). Frey however, uses Ivan Illich’ inter-
pretation of (Du Cange 1736) to distinguish vernacular from design architecture:
“[vernacular] designates the inverse of a commodity. ‘Vernacular’ means those
things that are homemade, homespun, home-grown, not destined for the market,
but that are for home use only” (Illich 1983).

By doing so, Frey describes logic about vernacular architecture that has par-
allels with Hernando de Soto’s logic about the creation of capital. Both authors
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refer to the distinction of use versus commodity. The mechanism that moved
architecture from vernacular to commodity is industrialization, which plays the
role that property systems have in capitalism. The processes and effects of the
transition towards design architecture are mainly those of the division of labor and
the subsequent alienation of the craftsman and his work. Frey points at the many
qualities that get lost in this transition, and aims at bringing back the qualities of
vernacular into the architecture of today: “The aim is to distinguish the practices
that most radically and clearly prioritize respect for human criteria (individual and
social), for the environment and for architecture.”

The terms Appropriate Technology, Needs, and Participation all refer to the
user and thus have a focus that is unlike the focus of systemization. However, as
already mentioned, participation can be seen as part of systemization in the sense
that it tries to have users participate in the system. If a contribution to the life of the
user were the aim, participation should work the other way. Experts would par-
ticipate in the life of users, and have their focus on users’ interaction with the
habitat, illustrated in Fig. 3.1. Thus, new vernacular can be seen as a redefinition
of participation.

Use Commodity
Individual Standardization Mass
Housing E— Housing
Vernacular Industrialization Design
Architecture —_—> Architecture
Assets Property Systems Capital
(Dead Capital) e (Live Capital)
Autonomy Systemization Heteronomy
_—
Home Participation Help
€= ==== >
?

Fig. 3.1 The ambiguous meaning of participation
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3.3.6 Bodily Interaction as Part of Environmental
Perception

Through the above, user’s interaction with the habitat appears as a new focus for a
shared ambition in development and reduction of poverty. In the following para-
graphs, the meaning and role of bodily interaction is explained briefly.

Since the Enlightenment, the notion that there exist five senses seems to have
been generally accepted. Touch, the fifth sense added by Aristotle however, kept
generating confusion. Touch had no organ like eye, ear, nose or mouth and the skin
was not considered a sense organ. Moreover, it was understood that touch in fact
involved five sensations: pressure, warmth, cold, pain, and kinaesthesia (sensibility
to motion) (Bloomer and Moore 1977). This division shows what sensations are
experienced through which organs. Yet, it does not show how sensation contrib-
utes to our understanding of the world. Environmental psychologist J.J. Gibson
arranged the senses into roles in the context of perceptual systems. This way,
senses can contribute to each other, which allows active perception. The eyes
provide information by which the hand can be sent out to touch and investigate the
environment. Legs can be moved to give the eyes a different perspective (Gibson
1962; 1986; Mace 1977). In addition, Gibson considers incoming and outgoing
signals in the nervous system as output and input in the perceptual system. Output
was further divided in exploratory and performatory, as was input divided in
imposed and obtained (Gibson 1983).

Via these systemic bifurcations however, we can think of bodily interaction
with built form as a process in which all senses and all aspects of perceptual
systems are involved. For example, by opening a door we perceive its heaviness,
its structure, its resistance, its sound, the resonance of its sound, the acoustics of
the room, etcetera. Our performatory action is exploratory; our kinaesthetic pro-
prioception is a means of perception. By creating, using, and even destroying a
building, we get to know its character. The lack of interaction is why we lose
contact with our buildings in today’s high-tech architecture and as we have
become so detached from our buildings, we find it hard to understand how
squatters and informal settlers can appreciate their dwellings so much that they
prefer not to move to buildings of ‘higher standards’. An eye for this close rela-
tionship can guide us towards an appropriate strategy to reduce poverty.

3.4 Conclusions

Systemization being the main development tool in the West may be the hammer
that makes everything look like a nail. Participation is such a nail. It is thought of
as affording systemization, whereas the user has no direct interest in being sys-
temized. On the contrary, from humanitarian interest, technology and systemiza-
tion should be no more than servant to people, meaning that experts offer their
services as participation in the lives of dwellers, unlike the concept that dwellers
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are allowed to participate in the processes governed by outsiders. This New
Vernacular approach is a tool many people are familiar with, not a hammer.

In this paper, it is suggested that an Appropriate Technology/New Vernacular
approach in would benefit from a focus on user-building interaction as it taps
directly into people’s most powerful resource: creativity. Moreover, it helps
avoiding the inevitable mediocrity and inadequacy of mass production solutions. It
may require moving in unconventional directions, away from functionalism, and
efficiency, towards architecture of use, of the home, onwards with building as a life
form in symbiosis with the user.
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Chapter 4

Computerization of Medical Consultation
for Children Under Five Years of Age
in Rural Areas of Burkina Faso
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Abstract The Integrated Management of Childhood Illness (IMCI) is a diagnostic
method and strategy developed by the World Health Organization (WHO) aiming
to reduce the morbidity and mortality of children under five years of age. Adopted
by Burkina Faso, its implementation in rural areas of the country is difficult due to
an insufficient number of trained health workers and because difficult working
conditions increase the lack of rigor and motivation. Terre des hommes Foundation
partnered with the software editor Wopata to develop a diagnostic support tool
based on the IMCI directly intended for health workers. The Electronic Consul-
tation Register (Registre Electronique de Consultation, REC) guides the health
professionals throughout the consultation to help them strictly apply the IMCI, thus
decreasing the number of diagnostic and treatment errors. It determines in real-time
the illnesses of the patients as the health worker identifies the symptoms, and also
the treatment associated to each diagnosed illness according to the IMCI, as well as
the medicines to be prescribed with their dosages. By integrating the REC into the
health system in rural areas of Burkina Faso we are affecting all the stakeholders of
the health system. We are able to participate in the improvement of patient care, to
ease the work of field agents and to allow the Ministry of Health to better monitor
the implementation of its national strategies, and, ultimately, to save more lives.

G. Deflaux (X))
Terre des hommes Foundation, Lausanne, Switzerland
e-mail: gdf@tdh.ch

T. Agagliate
Terre des hommes Foundation, Ouagadougou, Burkina Faso

J.-E. Durand
Wopata, Bordeaux, France

P. Yamaogo
Ministry of Health, Ouagadougou, Burkina Faso

J.-C. Bolay et al. (eds.), Technologies for Sustainable Development, 33
DOI: 10.1007/978-3-319-00639-0_4,
© Springer International Publishing Switzerland 2014



34 G. Deflaux et al.

4.1 Introduction

In 2000, when the African Nations set the objective of reducing child mortality by
two-thirds by adhering to the Millennium Development Goals (MDG) by 2015,
they knew that such an objective would not be reached unless the primary
healthcare system became both more accessible and more effective.

According to the World Bank, in 2010, in Burkina Faso, one in six children died
before the age of five, due precisely to a lack of access to operating health services.
Yet, most of these deaths are linked to a limited number of pathologies that are
perfectly treatable: Malaria, Diarrhea, Acute Respiratory Infections, Measles and
Acute Malnutrition. In order to ease the diagnosis and treatment of these pathol-
ogies, the World Health Organization (WHO) in collaboration with UNICEF and
other institutions, developed in 1990 the Integrated Management of Childhood
Illnesses (IMCI) strategy directly aimed at health workers. This protocol is a
simple but systematic approach to diagnosis. IMCI has been adopted by most of
the African countries.

Despite the significant funds allocated by States and international agencies for
training each year, IMCI is still rarely part of the daily practices of health per-
sonnel in the field. An audit of the General Directorate of Family and Health of
Burkina Faso has recently acknowledged this situation. Convinced that innovative
solutions can be used to solve the lack of implementation of the IMCI, Terre des
hommes (Tdh) is currently testing three of them in Burkina Faso.

The first one concerns the lack of access to health services by children less than
five years of age. Since 2008, Tdh introduced fee exemption in the health districts
of Tougan and Séguénéga for children under five (covering over 80,000 children).
This mechanism led to the increase of the number of new contacts per inhabitant
per year from 0.45 in 2007 to three in 2011.

The second axis of Tdh’s intervention tackles the issue of the motivation of the
health workers and of their interest in the results. Following an initiative from the
World Bank, the Ministry of Health has tried Performance Based Financing (PBF)
since 2011. Tdh joined the initiative in order to promote mother—child health
qualitative and quantitative indicators.

Finally, Tdh addresses the issue of the rigor needed to effectively apply the
IMCT protocol by introducing information technologies in rural areas. In collab-
oration with the French software editor Wopata, Tdh developed the Electronic
Consultation Register (Registre Electronique de Consultation, REC), a simple and
low-cost IMCI diagnostic support tool, in order to help health workers respect each
step of the IMCI protocol.

This paper will present the main challenges faced during the development of the
REC and how its functionalities make it a sustainable tool in environments a priori
adverse to information technologies. This paper will also address the current
limitations of the system and foreseen research tracks.

The REC is currently deployed in 11 health centers across two health Districts
and will cover 75 centers in three Districts by May 2012.
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4.2 The Burkina Faso Context

The analysis of the context in which the REC would evolve allowed the authors to
define the main constraints with which the system had to comply. The analysis was
done through on-site visits to health centers of Tougan and Séguénéga Districts,
where the REC was to be installed, by the software engineers, medical doctors and
IMCI experts. The authors were able to identify a large number of constraints that
can be classified as follows.

4.2.1 Infrastructure

The rural areas of Burkina Faso suffer from a consistent lack of electricity. Even
the villages connected to the electrical network cannot rely on it since the power is
more often off than on. The only abundant and reliable source of energy is solar.
Unfortunately, the solar systems that can be installed at the level of a health center
can only provide power for a limited number of electrical devices. A low-power
consumption device would be needed for the REC.

The mobile telecommunications network of Burkina Faso covers most of the
country. People living even in remote areas are able to use mobile phones.
Nonetheless, the network is still not equipped to support a proper internet con-
nection. Under these conditions, the REC cannot be used as a centralized web
application available directly from the internet. Instead, the REC would need to be
installed locally, in each health center.

4.2.2 Health System

The main challenge faced was the integration in the National Health System. The
REC had to be able to seamlessly replace the existing IMCI forms.

The health system of Burkina Faso is a complex administration and service
provision entity with health centers in rural areas, district offices, rural hospitals,
specialized hospitals, etc. When considering the installation of the REC, Burkina
Faso’s health system can be represented as a 3-1evel tree structure with, from top
to bottom, the Ministry of Health, the health Districts and the health centers. The
REC is installed at the lowest level where the patients are actually seen by
the health workers and at District level for data consolidation. Figure 4.1 illustrates
the system’s structure.

The same tree can be used to represent the way data is centralized upwards.

Because of the lack of connectivity mentioned previously, the authors conclude
that they will need to set up a completely decentralized network of instances of the
REC that require a backup procedure on external storage devices, i.e., physically
transporting the data to parent the node.
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Fig. 4.1 Structure of the health system in rural areas of Burkina Faso

The issue of maintenance is also crucial in order to properly integrate the REC
in the National Health System.

4.2.3 Health Centers

The districts where the REC is implemented also profit from the fee exemption for
children under the age of five years, resulting in an increased number of patients
daily. In certain periods of the year, the number of patients can reach 60 per day.
The application of the full IMCI protocol can easily take up to 20 min per patient
for a well-trained professional, the most time consuming tasks being the paper
work, manually determining the diagnosis using the IMCI lookup tables, and
establishing the prescription with proper dosages for each medicine.

The reduction of the consultation time would therefore become central for the
REC, especially since the consultations are done by health workers generally
unfamiliar with computers.

4.2.4 Climate

As many other African countries, Burkina Faso is a very hot country, where
temperatures can reach up to 50 °C in the summer. These temperatures, combined
with the humidity and the omnipresent dust, define quite a hostile environment for
any electronic device.

4.3 The Diagnostic Support Tool

In order to tackle the issue of poor or incomplete IMCI diagnostics, a web
application was developed as a diagnostic support tool directly used by the health
workers (see the list of technologies in Table 4.1).
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Table 4.1 Technical

. ; Element Technology
specifications of the -
diagnostic support tool Programming language Ruby 1.9.3
Web application framework Ruby On Rails 3.0.1
Database management system SQLite 3
Compatible browsers Google Chrome

The application guides the health professionals throughout the consultation to
help them strictly apply the IMCI protocol, as shown in Fig. 4.2. Considering
possible limitations of the end-users, the focus was to keep the application as
simple as possible. The application is therefore based on a 3-step workflow:
examine the patient, evaluate the patient and treat the patient.

The application includes the diagnostics for each IMCI age group (newborn,
infant and child). The selection of the correct diagnostic form is done automati-
cally as the user inputs the date of birth of the patient. The sequential approach of
the IMCI has been completely integrated in order to allow for determining in real
time the illnesses of the patients as the health worker identifies the symptoms. As
the IMCI requires, if the answer to a previously informed symptom is modified, the
health worker will have to resume the diagnostic from that symptom.
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Nom : Durand Taille | 67 Temp. 372
Sexe: Masculin 3 Poids 7.2 Périm. Brac. 124
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Fig. 4.2 The diagnostic form of the REC
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Once the full diagnostic is established, the REC identifies the treatment asso-
ciated to each diagnosed illness according to the IMCI. The medicines to be
prescribed are supplied with calculated dosages, depending on the weight and age
of the patient. Finally, the application allows agents to easily create a personal file
for each patient containing the history of all diagnostics made and treatments
administered.

If the symptoms are correctly identified, the REC can significantly decrease the
number of diagnostic and treatment errors.

4.4 Managing the Context of Burkina Faso

The REC is not limited as a sole diagnostic support tool. It also provides key
functionalities and features that make it operational within contexts with strong
constraints as mentioned above.

4.4.1 User Friendliness

In addition to a simple workflow, the web application features a very simple
interface resulting in an easy learning curve for users. The use of the keyboard is
limited to entering the name and anthropological data of the patient. The rest of the
data entry is done directly with the mouse, i.e., clicking. The data entry widgets are
limited to text boxes, lists and yes/no questions. As a consequence, the necessary
time to fill in and establish a full diagnosis and treatment goes down to a few
minutes.

The ease of use of the application also helps mitigating the problems of the
limited number of health workers trained on the IMCI protocol and the issue of
staff turnover. The REC can be used by inexperienced health workers to perform
IMCI consultations safely, as well as to train themselves.

4.4.2 Maintenance

The REC is installed on dedicated netbooks with a customized operating system
(Tables 4.2 and 4.3 provide technical specifications). The only application running
on the netbook is the diagnostic support tool. The operators of the system have
complete control over the hardware and the software environments, simplifying
maintenance operations.

The software maintenance is done entirely via pre-configured USB drives.
According to the content of the drive, the operator can either re-install the oper-
ating system, install or update the web application, and even restore the previously
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Table 4.2 Technical

. - Element Description

specifications of the netbooks
Brand Asus EeePC
Model 10xx PE/PX
Processor Intel Atom Series
Hard drive Capacity 250 GB
Screen size 10.1”

Tab!e 4'3, Technical . Element Description

specifications of the operating -

system Kernel Linux
Base distribution Ubuntu Netbook Remix 10.04

backed up data of a health center. No technical skills are required for these
operations.

4.4.3 Secure Data Synchronization

Despite the lack of internet connection between the health centers and the Dis-
tricts, the backup and consolidation of data is possible thanks to export and syn-
chronization mechanisms via regular USB drives.

Each health center is provided with a pre-configured USB drive. The backup
procedure is trivial: the health worker plugs the USB drive into the netbook and
launches the synchronization process. The same operation is repeated at the level
of the Districts, also equipped with a netbook. The mechanism allows each District
to closely monitor epidemiological data across all health centers within their
district. The backup process is done in parallel to the existing monthly reporting to
the Districts. No extra travelling is required.

The content of the USB drives is encrypted using PGP algorithm, since they
contain nominative data of the patients. Only trusted REC netbooks can read the
USB drives.

4.4.4 Data Export and Analysis

Although the REC provides some statistics within the web application, the Dis-
tricts often require performing advanced data analysis not suitable for the com-
puting power of the netbooks. In order to ease this process, the REC provides
anonymous data export in both SPSS and Excel formats.
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Thanks to the analysis of data, the Ministry of Health is able to improve the
supervision in the health centers and to focus its support on specific issues.

4.4.5 Energy Efficiency

The health centers benefiting from the REC have also received a solar power
system in order to guarantee constant availability of the system. Nonetheless,
power consumption was addressed by choosing netbooks equipped with low-
power consumption processors providing a longer battery life, as opposed to
regular laptops. In addition, the customized operating system is based on the
Ubuntu Netbook Remix distribution specially designed to run on such processors.

4.4.6 Robustness

The choice of the Asus EeePC netbook was based on the recommendations of the
Non-Governmental Organization (NGO) Inveneo. As specialists in deploying
information technologies in difficult contexts, they had certified a similar model of
netbook from the same brand.

This proved to be a good choice as only one of the 11 netbooks suffered from a
major problem requiring its replacement over a period of 12 months.

4.4.7 Costs

The sustainability and extension of the REC to new health Districts is greatly
dependent on the capacity of the State to provide the netbooks, USB drives, solar
power kits and IMCI training to the workers. Table 4.4 summarizes the costs for
the deployment of the REC in the 11 initial health centers.

It is important to consider the following:

e The REC Software Development is a one-time fee that will not be taken into
account for any future extensions;

e No licensing fees are to be paid since the REC is built exclusively on Open
Source technologies;

e In order to test the REC in the best possible conditions, Tdh has financed IMCI
training for all the end-users of the REC. This will not be necessary in the future
since the State of Burkina Faso is also training its agents, as the IMCI is a
national strategy.
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Table 4.4 Cost of the REC

Element Cost
for 11 health centers -
Solar power kit 11 x 1,000 €
Netbooks 13 x 250 € (11 centers
+ 2 Districts)
IMCI training 15,000 € (50 health workers)
REC training 5,000 € (50 health workers)
REC software development 30,000 €
Tdh technical support missions 5,000 €
Total 69,250 €

4.5 Achievements

Over the 12 months between October 2010 and 2011, several supervision missions
have brought to light encouraging results:

e Over 26,000 diagnostics have been recorded in the pilot health centers. Figure 4.3
shows the average number of diagnostics over time;

e Experienced health workers were able to train new ones on the use of the REC
without the involvement of Tdh or the District;

e Health workers have repeatedly reported a decrease in the time of IMCI
consultations;

e Only one hardware malfunction was reported.

The in-depth analysis of the data collected through the REC allowed Tdh to
objectively evaluate the quality of the identification of the symptoms by the health
workers. It was found that the respiratory frequency was overrated, probably to
justify the prescription of antibiotics, and that the number of dysenteries was
disproportionate as opposed to the number of dehydrations. Such findings suggest
malpractices that can be addressed specifically during supervision visits in the
health centers.
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4.6 Limitations

Looking back at Fig. 4.3 we can clearly identify two short periods of intensive use
of the REC and one long period of moderate use. Several factors could explain this
evolution; but, it is difficult to be sure of which one has the strongest impact. Users
have reported not using the REC when the number of patients is too high, simply
because the IMCI protocol remains longer than a regular diagnosis.

Does the first peak correspond to the enthusiasm of the launch of the REC?
Does the moderate period between December 2010 and June 2011 represent a loss
of motivation, delays in maintenance procedures, or a lack of supervision? Does
the second peak correspond to the increase of visits to the centers due to the
malaria season? It is difficult to determine.

The first year of implementation has been quite positive from the perspective of
the introduction of new technologies in rural areas, but it is clear that the REC
needs to be part of a more comprehensive supportive approach to primary
healthcare. The combination of initiatives such as PBF and fee exemption is a
good example.

4.7 Further Research

Several aspects of the REC can still be improved, and further research is already
envisaged. The global user experience could be improved by porting the REC to
tactile devises. It would ease the learning curve and limit the number of devices to
one (the mouse is eliminated), for easier maintenance. With the improvement of
the telecommunications networks, the REC could also benefit from remote syn-
chronization avoiding the hassle of physically transporting the data to perform the
backup procedure.

4.8 Conclusion

The integration of the REC in the health system of rural areas of Burkina Faso
affects all the stakeholders, from health workers in the health centers to the
decision makers at District and national levels. The REC is a system that has
proven to be efficient in a difficult environment as an out-of-the-box alternative to
the traditional IMCI forms. It assists in the improvement of patient care, to ease the
work of field agents and to allow to the Ministry of Health to better monitor the
implementation of its national strategies, and ultimately, to save more lives.

The promising results of Burkina Faso could easily be tested in other countries
since the constraints identified are common to many developing countries.
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Abstract Pico hydro (very small-scale hydro less than 5 kW) is recognized as a
viable electrification option from economic, environmental, and social perspec-
tives. Cameroon has significant hydro potential, yet low electrification rates.
Inaccessibility, corruption and high trade duties inhibit pico hydro development
within Cameroon. To help achieve greater rural electrification, a low head pico
hydro system is being developed for local manufacture to overcome these barriers.
Market research, site visits to pico hydro turbine and small wind turbine instal-
lations, collaboration with artisans, and end-user interviews were conducted in the
South and Southwest regions of Cameroon. Six pico hydro and three small wind
turbine sites were inspected, including both locally fabricated and imported sys-
tems. The uses of the electricity included general lighting, small media and cellular
phone charging. Workshops were also visited and unguided trials were conducted
with craftsmen to fabricate a turbine runner. End-users were informally inter-
viewed regarding their experiences with pico hydro. Pico hydro in Cameroon is in
its infancy stage. Both imported and locally manufactured products have been
introduced to the region. Most required materials for turbine system fabrication
were accessible. The success and longevity of locally manufactured systems
requires robust designs and the establishment of local technicians and end-user
training. In the event of failures, accessing replacement parts and skilled trades is a
challenge for imported systems. End-users recognize the high costs of fuels and see
pico hydro as a tangible means for electrification. Capacity for the local manu-
facture of pico hydro systems exist, however further training and resources are
needed for the production of a competitive product.
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5.1 Introduction

Rural electrification enhances welfare through increased security, productivity,
health, entertainment, information, and education (Independent Evaluation Group
2008). In Sub-Saharan Africa, only 29 % of the population is electrified. This
percentage has been declining since 2001, as population growth has outstripped
electrification over the past decade (International Energy Agency 2009).

Pico hydro, very small-scale hydro less than 5 kilowatt (kW) is recognized as a
viable electrification option from economic, environmental, and social perspec-
tives. The technology has low capital and operating costs (World Bank 2006),
benign environmental impacts (Williams and Simpson 2009), and has good
potential for local manufacture, promoting capacity development and inclusive
growth (Maher et al. 2003). Pico hydro has seen enormous growth in Asia (Smits
and Bush 2010) and modest success in Latin America, but meager performance in
Sub-Saharan Africa. Cameroon has significant hydro potential, yet low electrifi-
cation rates and inconsistent supply for dwellings that are electrified (Nfah 2009).
Despite successes in other regions, barriers such as inaccessibility, corruption
(Fonchingong 2009) and high trade duties inhibit pico hydro development within
Cameroon.

To address the rural electrification concerns, a low head pico hydro system is
being developed for local manufacture to overcome these barriers. This is part of
an initiative by GREEN STEP e.V., an environmental education focused non-
governmental organization (NGO) who has funded and installed pico hydro and
small wind turbine systems and conducted training workshops in renewable energy
systems in Cameroon. Field studies were conducted in urban (Bafoussam), peri-
urban (Buea and Dschang), and rural settings (M’muock, Ndungweh, Lewoh, and
Bafou) situated in the West and Southwest regions of Cameroon for problem
contextualization and to strengthen the pico hydro system development. Field
studies included end-user and artisan interviews, market research to determine
availability of materials, site visits to establish lessons-learned from existing pico
hydro turbine and small wind turbine installations, and collaboration with artisans
to gauge capacity and working environments.

5.2 End-User Interviews

A data collection study in the M’muock village, was conducted in 2008 (Ehlers
and Hertlein 2008). The village is separated into 27 districts and has a total
estimated population of 7,000 residents. Twelve districts in the vicinity of
potential wind turbine or pico hydro turbine sites were selected. Within these
districts, approximately 1,150 households were randomly chosen for interviews.
The questionnaires consisted of 17 questions for the owners and 24 questions for
the women of each household. The data collection was carried out by local
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teachers that were trained in a workshop on the handling of the questionnaires
(Ehlers and Hertlein 2008). During the 2011 research trip, informal interviews
were held in M’muock and in other locations, with end-users regarding their
experiences with pico hydro, specifically their views and interactions with the
technology. Findings from the interviews and empirical observations were
documented.

Within the 2008 interviews, an open question was posed regarding which
particular problem was the primary concern for the individual. Electricity access
was identified as the top response by more than a third of the respondents, fol-
lowed by dwindling agricultural yields and health problems. Other problems
mentioned included water shortage, problems in the storage of agricultural prod-
ucts, high education costs, less firewood, dirty water, poor roads, poverty, less
acreage, high fuel and fertilizer prices, and lack of capital for investment (Ehlers
and Hertlein 2008).

The highest overall household expenditure was for petrol (Fig. 5.1). Fifty-nine
percent of respondents have access to vehicles (25 %), motorcycles (5 %) or
gasoline generators (29 %). Other fuel energy costs are attributed to kerosene,
which is generally used as lamp fuel for lighting, and firewood. Most residents
harvest firewood from the surrounding forests (Ehlers and Hertlein 2008).

Considering lighting, 52 % of the population use open fires as their primary
lighting, while 47 % use kerosene lamps. Use of electricity for lighting from
gasoline generators or disposable batteries is only a tertiary alternative. During the
study, 511 kerosene lamps were counted. The average usage was 10 h per day per
lamp, relating to an average household consumption of approximately 3 L of
kerosene, which would correspond to an average household spending of 5,000
XAF/month for kerosene lamp fuel (Ehlers and Hertlein 2008).

Petrol costs were 25 % higher for Ndungweh villagers compared to their urban
counterparts, with quoted costs of 600 XAF/L in Dschang and 750 XAF/L in
Ndungweh. The price for a gasoline powered generator was in the range of 30,000
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XAF to 35,000XAF. Estimated petrol consumption was 5 L/day, resulting in a cost
of 3,750 XAF/day. Diesel generators had a lower running cost of 3,000 XAF/day.
Health clinics in the villages have diesel generators but a healthcare worker was
quoted saying it was too expensive to operate. Kerosene costs were also higher for
village residents with costs of 600 XAF/L in the village of Ndungweh and 450
XAF/L in Dschang. In the Ndungweh palace, kerosene lamps were used and
observed to provide lower quality light than electric lighting while producing
noticeable amounts of smoke.

Community applications include health centers and schools. One health center
worker expressed the need for electricity for lighting, medical refrigeration and the
use of microscopes. This was similar to the existing and intended uses of the
electricity generated by the pico hydro turbine at the health center in Lewoh
(details below). For the schools, an educator described the desire for electricity to
provide students a place to study.

A commercially productive application was observed, where a gasoline engine
was used in a bakery for dough kneading. In addition, a commercial coffee farmer
expressed his desire for a coffee cracking machine. The existing coffee preparation
procedure consisted of harvesting coffee cherries, sun drying and then transporting
the shelled coffee beans to neighboring cities for cracking. It is to be noted that it
was unclear if a manual or power-assisted coffee cracking machine was intended.

5.3 Market Research

Market research was conducted to establish general knowledge of material
availability and costs based on approximate bill of materials formulated for pico
hydro system conceptual designs.

It was found that materials useful for the turbine and generator such as steels,
plastics, building construction material, motors, compressors, and automotive
components were accessible within the peri-urban city of Buea. Electronic com-
ponents for the controller were readily available in Bafoussam, the main city of the
Western region. Obscure material sizes and specialized items were attainable from
Cameroon’s financial capital, Douala. The vendors of all of the components were
generally microenterprises, with the exception of a few large building construction
material distributors, such as Ste. Cogeni. A source of permanent magnets could
not be found, which would be required if permanent magnet generators are to be
employed for electrical production.
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Table 5.1 Visited installation sites

Location Application Technology Functioning?
Bafoussam Hotel Wind turbine Yes

Bafou Health clinic Wind turbine No
M’muock Battery charging station Wind turbine Yes
Ndungweh Palace Firefly/Turgo No/Yes
Ndungweh Household PMA Firefly No
M’muock Palace Firefly No
M’muock Fon’s residence Firefly No

Lewoh Health clinic Turgo Yes

Fig. 5.2 Wind turbines (a) Bafoussam, (b) Bafou, (c) M’muock (Source: Ho-Yan 2011a)

5.4 Installation Site Visits

Several sites of pre-existing pico hydro and small wind turbine installations were
visited in May 2011.Table 5.1 gives the sites visited, detailing the application and
technology.

In Bafoussam, the third largest city in Cameroon, two small wind turbines were
located on the street level outside of Hotel du Centre (Fig. 5.2a). The turbines were
designed and commissioned by the owner, a relatively affluent pharmacist with
interests in wind turbines and renewable energy technology, and built by two
employed metalworkers. The turbines consisted of six straight metal blades,
transmission, permanent magnet generator and tail. The turbines were operational
but inefficient. An electrician from Buea trained by GREEN STEP e.V. shared his
knowledge and experiences with the pharmacist who was open to receiving the
advice.

In Bafou, a foreign NGO donated approximately 50,000 Euros for the import
and installation of a small wind turbine system for lighting and water pumping at a
health clinic. The wind turbine system utilized two 12-bladed rotors, an electronic
controller and a 24-unit battery bank (Fig. 5.2b). Local residents reported the
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costly and elaborate system functioned for approximately a year and has not been
functioning since as early as 2008. The primary cause of the malfunction was
unknown, but it was observed that a blade and tail of one of the turbines had
disconnected, likely due to the high rotational speeds that would occur under no
electrical load and high wind conditions. Health clinic personnel have attempted to
repair the system, but they cannot access the required parts due to the lack of
availability and high costs. They have contacted the foreign NGO to request
further funding for the repair. During our visit, the health clinic and pump were
connected to the electrical grid.

GREEN STEP e.V. installed a smaller wind turbine for battery charging in
M’muock that has been in operation since 2008 (Fig. 5.2c). The wind turbine was
locally built, based on the Hugh Piggot (2010) design. This design has been
adopted by organizations in developed and developing countries including Nica-
ragua, Madagascar, and Mozambique. The design consists of three carved wooden
blades mounted on a bearing and shaft assembly and connected to a permanent
magnet generator constructed using epoxy, copper coils, and permanent magnets.
This system has experienced failures, but unlike the system in Bafou, the system
was promptly repaired. The day prior to the research team’s arrival, high winds
from a passing storm led to weld failure and the entire rotor and generator
assembly disconnected and fell to the ground. Despite the fall, there was no
damage to the rotor and generator assembly. The failed weld connection was a
repeat failure and was repaired and further reinforced by a local welder to prevent
future recurrence; electrical components were purchased from a local store to
replace damaged connections. Both the welder and storeowner were not affiliated
with GREEN STEP e.V. The turbine was fully functional by the following day.
Had the research team not been present, a service person trained by GREEN STEP
e.V. would have been sent to investigate and repair the fault. Previous failures
were both mechanical and electrical in nature and addressed by GREEN STEP
e.V. trained local personnel. Electrical related failures included ineffective dump
loads in the battery charging circuitry resulting in the overcharging of batteries and
also the improper use of batteries by end-users: the batteries were disconnected
before being sufficiently charged. Both of these failure modes diminish the life of
the batteries.

In 2008, four Firefly pico hydro turbines were locally manufactured and
installed by GREEN STEP e.V. trained technicians in Ndungweh and M’muock,
situated along water arteries near the users of power. None of the pico hydro
systems operated longer than seven months (Urban 2011). The cause of failure was
observed to be the wearing of brushes in the automotive alternators used as
generators, which resulted in damage to batteries and inverters due to the lack of
power. Once these issues were discovered, the users disconnected the pico hydro
turbines and the systems rusted as they stood stagnant. Some of the systems were
serviced and returned to use, but failed within the following two months (Urban
2011). Prior to the alternator failures, debris and siltation in the reservoirs caused
blockages at the intake. This was addressed by capping the penstock, or intake
pipe, using a steel can with punched holes in the end and porous netting to filter
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large debris from entering the penstock. Caretakers were instructed to clear the
accumulated silt and debris regularly. During rainy seasons, water levels were very
high and washed away portions of a penstock. Another failure occurred while
maintenance was being conducted on a system. As the water flow through the
turbine was shut off at the intake, the weight of the remaining water in the penstock
created a vacuum as it exited out of the turbine, causing the penstock to implode.
Locally improvised penstock modifications of cutting slits into a section of the
penstock were implemented to avoid large vacuum formation during flow shutoff
procedures. The slits would be blocked in succession allowing for a gradual
decrease in flow rate through the penstock before complete flow shutoff.

There have been cases where caretakers often did not fulfill their responsibil-
ities and GREEN STEP e.V. needed to proactively contact the caretakers for
information regarding the well-being of the pico hydro systems. Caretaker training
is an essential factor for the proper use and maintenance of pico hydro systems.
Preferred methods are to have the village members primarily identify potential
caretaker candidates and to then collaborate with the village for the final selection.
The candidates were interviewed to evaluate intentions and capability to fulfill
caretaker duties. Following the selection, the training was conducted on-site. This
was practiced by another NGO for a 10 kW communal system in Quibeku, a
village nearby Ndungweh. After the installation, the system was operational until a
bearing failure occurred. This was independently identified by the village care-
takers. The caretakers removed the faulty bearing and sent it out for repair.

To replace the inoperable GREEN STEP e.V. turbines at the Ndungweh palace,
another NGO installed an imported Turgo pico hydro turbine system. It had been
in operation for two months prior to the visit. It supplied electricity to the com-
pound used for powering ten compact fluorescent light (CFL) bulbs and for
charging mobile phones. Prior to this, light emitting diodes (LEDs) were used for
lighting as it was seen to be the least energy intensive option, however, replace-
ment LEDs were difficult to find within a reasonable proximity to the village and
the LEDs were replaced with CFLs. Limited consultation occurred with the resi-
dents of the chief’s palace as the wives of the chief (the chief was not present
during our visit) did not have much information to offer regarding the turbine. This
is a stark contrast to the process GREEN STEP e.V. had conducted prior to
installation, where local craftspeople were invited to a training session. Only males
participated in the workshop, however, one of the chief’s wives assisted with the
delivery of the training session and that led to her later successfully trouble-
shooting an issue involving a break in the penstock of the imported pico hydro
turbine. As recalled from her prior training, she shut the valve to stop the water
flow and repaired the penstock with rubber material and restarted the system.

The research team visited another imported Turgo pico hydro turbine installed
by a Canadian NGO for a health center in the remote rural village of Lewoh
intended for powering several fluorescent lights and a refrigerator for vaccine
storage. The system consisted of an imported turbine with a 275 W to 520 W
capacity permanent magnet generator, a sophisticated electronic controller, and a
large battery bank. Prior to arrival, the lighting load had been wired to bypass the
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controller and was powered directly off of the turbine. This modification was
performed by the health center doctor, whom had electrical training from college,
because he noticed the electronic controller repeatedly shut off. The research team
found that the main switch consistently turned off after 15 min in both no load and
load conditions. The electrical fault was attributed to a malfunctioning potenti-
ometer on a sub-circuit which shut off the main switch to safeguard the system and
batteries from excessive draining in the event the turbine stopped operating. This
issue was not easy to resolve without proper tooling, therefore the bypass circuit
modification wired by the doctor was kept as is and the batteries were left dis-
connected from the controller to ensure safekeeping of the batteries and longer life.
It was also observed that the 300 W to 480 W refrigerator was too large a load.
The turbine’s nominal output is 500 W but only achieved approximately 300 W at
the time of the visit. This posed a challenge for the system and it was therefore
advised to not use the refrigerator and to consider a smaller refrigerator if possible.

5.5 Work Environments

The vast majority of workshop facilities in Buea, Bafoussam, and M’ muock
ranged from permanent to semi-permanent open walled structures with compacted
soil floor surfaces. Workshops were equipped with few tools. Tool inventory
generally included an arc welder (most times home-made), vice, disc metal grinder
and assortments of small hand tools (Fig. 5.3). The workshops were connected to
the main electrical grid, which was observed to be a generally insufficient supply
with varying voltages, not ideal for welding. The workshops were mainly

Fig. 5.3 Standard metal workshop (Ho-Yan 2011b)
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Fig. 5.4 Pelton turbine cups
(Ho-Yan 2011c)

unfurnished and improvised working surfaces were used such as discarded engine
blocks or structural members. The metal workshop where the M’muock wind
turbine was repaired was typical. Despite the constrained working conditions,
adequate joint preparation practices were conducted and good quality welding was
observed during the wind turbine repair.

There were two workshops that were the exceptions to that as described above.
In Buea, there was a relatively large commercial workshop focused towards
woodworking. It was equipped with automated tools including a planer, cut saw,
table saw, belt sander, and band saw. The floor was a poured concrete pad and the
workspace was furnished with worktables. In addition, metalworking was per-
formed here as well. In Bafoussam, there was a metal workshop equipped with a
lathe, commercially-made arc welder, punch, drill press, tooling for aluminum
sand casting, metal grinders and custom tooling for jigs and patterns. Mills for
palm oil processing were fabricated and have been a long-standing business for
the craftsman. In addition, finished Pelton turbines were seen at the facility and the
production quality was observed as very high. Several units had been made in the
past and implemented in rural villages. Aluminum sand casting was used for
producing Pelton cups for 10 kW and 15 kW systems. Pelton cups can be seen in
Fig 5.4.

5.6 Build Trial

In Buea, a build trial of a propeller runner for a pico hydro turbine was conducted
with a craftsman identified as the top participant from the GREEN STEP e.V.
training. The craftsman had previous experience with wind turbines and another
version of a pico hydro turbine. A hand-sketched schematic of a propeller runner
concept design was provided three days prior to the trial to allow the craftsman to
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analyze the problem and develop independent solutions. It was explained that the
unit was to be built with minimal guidance from the design engineer, if any. The
schematic detailed a propeller runner with four circular arc curved blades with
radial outward increasing chord length. Emphasis was placed on several aspects:
the blade forming techniques, accuracy of the blade forming to the design spec-
ification, repeatability of the blade forming, assembly of the propeller. The trial
was conducted in a rented workspace of a small metal workshop equipped with a
commercial grade welder, disc grinder, assorted small hand tools and a stand-
mounted vice. The workshop was owned by a welder who employed an apprentice.
The craftsman typically rents workspace at a larger more equipped facility which
was not accessible at the time of the trial. The craftsman was accompanied by two
colleagues that were electricians by trade.

Materials were procured and consisted of mild steel pipe and thin mild steel
sheet. The pipe was held in a vice and cut with a hacksaw to length. Straightness or
level of cut was not checked. Material for the blades were measured and marked
on the metal sheet. Blade blanks were cut using hand-shears. Due to the lack of
tooling, a small I-beam was used as a makeshift mold to curve the blades
(Fig. 5.5). The four blades were to be set equally apart in a circular array sur-
rounding the circumference of the pipe. Spacing was accomplished by using a
guide fabricated from a length of wire and then cut in four equal parts. When the
blades were placed on the pipe, it was realized by the craftsmen that it did not sit
flush on the pipe: modifications were made with a disc grinder in an attempt to
achieve a closer fit (Fig. 5.6). Wire cutters were used to remove the burrs from the
ground ends.

Welding of the blades to the hub was initially performed on the compacted soil
floor, and then on a provisional stand (Fig. 5.7). Prior to the welding, care was not
taken to clean the materials. The blades were initially tack welded for placement.

Fig. 5.5 Blade forming (Ho-Yan 2011d)
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:

Fig. 5.7 Welding (Ho-Yan 2011f)

After welding, varying gap distances existed due to the insufficient grinding of the
blade hub ends, forcing the master welder to apply additional filler material to the
weld.

The build trial time duration was 3.5 h. The construction quality was poor. The
blades were inaccurately formed and imprecisely repeated. The blades were
misaligned on the hub (Fig. 5.8). The weld quality was also poor with incomplete
penetration at some locations and burn-through in either the blade material or hub
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Fig. 5.8 Final assembly
(Ho-Yan 2011g)

(Fig. 5.8). The weldments were inconsistent in length, and discontinuous along the
seams. Excessive porosity and weld splatter are seen on some portions of the
welds.

5.7 Conclusions

The field research in Cameroon reaffirmed that access to electricity has been
identified by the rural population in M’muock village as a priority. Currently there
is great reliance on fossil fuels such as petrol, diesel, and kerosene; however, this
can be substituted with renewable energy technologies to mitigate exposure to
increasing fuel costs. Rural electrification, including pico hydro turbines, can
provide social and economic benefit at the household, community, and commercial
levels.

Most required materials for local fabrication of turbine systems were accessible
in Cameroon, with general materials available in smaller cities, electronic com-
ponents only available in larger cities and specialized materials only available in
Cameroon’s financial capital, Douala. Permanent magnets could not be found,
which would be required if permanent magnet generators are to be employed.

Renewable energy systems, both imported and locally manufactured, have been
implemented in Cameroon. Imported systems tended to be significantly more
sophisticated. The imported pico hydro turbines in Ndungweh and Lewoh were
operational and able to provide consistent power for lighting. However, this was
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overshadowed by the inaccessibility of technical support and replacements parts,
with the impact more pronounced in the Bafou wind turbine installation. In
addition, it is suspected that higher costs were incurred for these imported systems
due to comparatively higher capital costs and import costs. The imported pico
hydro systems should be monitored to determine the longevity of these systems
and the actions taken in the event of a malfunction. The Ndungweh installation
demonstrates potential for imported pico hydro systems when combined with the
proper training of end-users. In contrast, the locally manufactured GREENSTEP
e.V. models were not operational after several months of use, despite the main-
tenance and repair work that was performed. This highlights the importance for a
more robust design.

Pico hydro is in its infancy stage however, interest does exist from both the
consumer and technician perspective. The beneficiaries embraced the technology
as seen in the actions taken to maintain and repair the systems. This was more
prominent in cases where education and training were provided to the end-users
and emphasizes the importance of knowledge transfer. An electrician spoke of his
livelihood transforming since being trained and working as a small wind turbine
and pico hydro system technician. He has become confident in his new craft,
providing consulting and training services in addition to maintenance and con-
struction. This was observed during an exchange with the pharmacist in Bafous-
sam as he provided technical advice. In addition, the artisan enrolled himself in a
national artisan competition to display his self-built wind turbine. By establishing
a knowledge base through training and learning-by-doing, improved efficiencies
can be achieved to the system design and the manufacturing process. In addition,
this may create work opportunities and empower artisans. Training must also
extend to the end-users and caretakers of the systems as was evident in several
pico hydro installations. Without trained individuals or end-users with prior
experience or knowledge, which is often the case, systems remained inoperable
after minor failures, additional damage often occurred and in some cases the
investment was completely lost.

Results from a build trial demonstrated that a propeller turbine could also be
built. However, the designs must be communicated in a clear manner within the
Cameroon context and incorporate the working environment. The provision of
additional artisan training, sufficient tooling and workspaces, will improve pro-
duction quality and are essential to the success of these systems.
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Chapter 6

Ensuring Appropriateness of Biogas
Sanitation Systems for Prisons: Analysis
from Rwanda, Nepal and the Philippines

Christian Riuji Lohri, Martin Gauthier, Alain Oppliger
and Christian Zurbriigg

Abstract Biogas sanitation systems are seen as a promising technology for
institutional settings of developing countries as they combine effective treatment
of human excreta and kitchen waste, while at the same time generating a
renewable fuel source for cooking and a nutrient-rich fertilizer. The Water and
Habitat Unit of the International Committee of the Red Cross (ICRC) has been
involved in the realization of biogas systems in prisons for the last 10 years to
improve the poor sanitary conditions in detention facilities. In partnership with
local organizations, ICRC has replaced the undersized and deteriorating septic
tank systems in prisons of Rwanda, Nepal and the Philippines with fixed-dome
biogas systems. After at least one year of operation, the 13 implemented systems
were assessed in terms of their technical performance, economic viability, envi-
ronmental impacts and social acceptance. For this purpose, on-site investigations
were conducted (observations, interviews, measurement of gas production and
composition, and analysis of process stability, reduction of organic load and
pathogen content). Eleven systems were in operation at the time of evaluation and
displayed satisfactory process parameters with daily biogas production ranging
between 26 L/person and 62 L/person (obtained in prisons where kitchen waste
was added to the digester). The vast majority of detainees perceived the biogas
systems positively, mainly because it provides a smoke-free source of cooking fuel
that contributes to money saving, and because it improved the hygienic conditions
in and around the prison.
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6.1 Introduction and Purpose

More than 2.5 billion people worldwide do not have access to basic sanitation
(WHO and UNICEF 2012). The poorest and most vulnerable fraction of the
world’s population is mostly affected by this dramatic situation, which severely
threatens health wellbeing and livelihoods. Prisoners are among the most dis-
criminated groups, often suffering from detrimental sanitary conditions. The
International Committee of the Red Cross (ICRC) visits people deprived of free-
dom in numerous countries and assists prison authorities in their efforts to improve
conditions of detention among which sanitation is one element. Within this scope
of activities, the Water and Habitat Unit of ICRC has been involved in the real-
ization of biogas systems in prisons of Rwanda, Nepal and the Philippines for the
past ten years. Such biogas projects have been realized in partnership with local
expertise and technical institutes, such as Kigali Institute of Science and Tech-
nology (KIST) and EREP SA for the case of Rwanda (2009), Biogas Sector
Partnership Nepal (BSP-N) for Nepal (2009), and Practical Action Consulting for
the Philippines (2011). Main reason for this intervention was to substitute the
undersized and deteriorating septic tanks with biogas systems and hereby improve
the sanitary conditions, reduce the health risks of the detainees and provide a
renewable and smoke-free source of cooking fuel.

This paper aims at identifying the key questions to address so that biogas
systems are appropriate technologies for the prison context of developing countries
from a sustainable development perspective. It relies on results from different field
studies conducted by ICRC and partner organization, which assessed the technical
performance, economic viability, environmental impacts and social acceptance of
the implemented systems after at least one year of operation. Key lessons, best
practices and recommendations in terms of performance, impacts and acceptance
of the biogas systems are highlighted.

6.2 Design and Methods

The main findings are derived from three studies conducted between 2009 and
2011 (Devkota 2011; Lohri 2009; Mottet 2009), which involved on-field investi-
gations on 13 biogas systems in 11 prisons of Rwanda (Muhanga, Gikongoro,
Cyangugu), Nepal (Kaski, Chitwan, Kanchanpur) and the Philippines (Cagayan de
Oro, Davao, Sultan Kuradat, Manila, Cradle). The results are synthetized by using
a conceptual framework that groups the various issues according to the different
sustainability aspects: Technical, operation and maintenance, economic, environ-
mental and socio-cultural aspects. The methods used to assess these various issues
are:

e Observations of the state of the biogas systems (functionality of complete
system including inlet, digester, gas utilization devices, outlet) and operational
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procedures (handling and use of waste, water, gas and effluent, hygiene, and
allocation of responsibilities).
e On-site measurements such as:

— Daily gas production and biogas composition such as Methane (CH,), Carbon
Dioxide (CO,) and rest gases;

— Analysis of process stability and physico—chemical characterization of in- and
outflow: pH, temperature, Redox potential, electrical conductivity, Chemical
Oxygen Demand (COD), Ammonium-—nitrogen (NH4—N), Phosphorus (P);

— Measurement of pathogen contamination of digested effluent (E.coli as
indicator).

e Sampling and laboratory analysis of Total Solids/Total Suspended Solids (TS/
TSS), Volatile Solids (VS) and helminth egg count.

e Semi-structured interviews with a wide range of stakeholders at each prison site
(prison staff, detainees, surrounding population, authorities, ICRC Water and
Habitat staff) to find out:

— Acceptance and perceived impacts (including benefits and burdens) of the
biogas systems in comparison with previous septic tank systems;

— Investment, operational and maintenance costs;

— Fuel or wood savings by using biogas for cooking.

6.3 Results and Discussion
6.3.1 Technical Aspects

6.3.1.1 General

Table 6.1 provides an overview of all 13 biogas systems studied. Results show that
the anaerobic digestion (AD) systems in operation all have satisfactory process
stability, i.e., favorable conditions for AD are prevailing: The range of pH
(7.1-8.4), digester temperature (mesophilic range 22.2-36 °C) and negative Redox
potential all indicate a suitable environment for AD. The comparison of the
hydraulic retention time (HRT) needs to be interpreted with caution as calculations
were not done in a coherent way. In Rwanda the total digester volume was used for
the calculation (a) while, in Nepal only the active slurry volume in the digester was
considered (b) and in the Philippines the combined volume of digester and com-
pensation chamber (c) was used for calculation. Considering this, the HRT results
of the Philippines are strikingly low, which means either that the daily inserted
waste quantity (including flush water) is much higher than planned or that the plant
is simply under-dimensioned. Such low HRT results in a low hygenization and
methanization rate of organic matter and should thus be avoided.
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6.3.1.2 Inputs

The studies revealed that the total amount of human waste input from sanitation
facilities in the prisons can be anticipated in the range of 3.3—4.9 L/person/day
(human feces per adult person and day between 0.25 and 0.4 kg and between 1 and
1.5 L of urine per person plus 2—-3 L/person/day water used for anal cleansing and
flushing). This is the amount per person that flows into the biogas reactor. Gen-
erally, it is advised to ensure that the digester is fed regularly with a homogeneous
substrate input in terms of quantity and quality. Changes in quantities can hardly
be prevented (see Sect. 6.3.1.3 for technical solutions to adapt to changes in input
quantity). Due to the uniformity of daily diet observed in all prisons, relevant
changes in excreta quality are not likely to occur. Kitchen waste (such as vegetable
and fruit peelings, residuals in cooking pots, food leftovers) is a highly suitable
additional feedstock and leads to considerable increase of biogas production
(discussed in Sects. 6.3.1.4 and 6.3.3).

6.3.1.3 AD Technology, Design and Site Selection

External heating of the digester is hardly ever an option due to an unfavorable
institutional setting as well as an unfavorable energy balance and associated
financial issues. Suitable average local temperature is thus crucial and should not
go below 15 °C, as this would slow down microbial activity too much. When
deciding about the site for the digester, the criteria should include suitable ground
conditions for construction work, possibly an unshaded location as close as pos-
sible to the toilets and kitchen to minimize pipe lengths. In addition, the site needs
to be inspected beforehand during rainy season to identify potential areas of
stagnant water and to ensure sufficient gradient to enable discharge of the effluent
by gravity. Fixed dome underground digesters which have been adapted to local
circumstances, (e.g., the stone or brick masonry model GGC2047 for Nepal, see
Fig. 6.1) are considered to be most suitable for the prison context in developing
countries as the technology is well known and widespread, cost-effective, and the
required components locally available. Depending on the availability of materials,
digester walls can either be built with bricks, stones or concrete hollow blocks
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Fig. 6.1 Side view and aerial view of typical fixed dome underground digester (GGC2047); I:
Inlet chamber with inlet pipe, 2: Digester, 3: Dome (gas storage), 4: Gas outlet, 5: Compensation
chamber with overflow point, 6: Storage/compost pit
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instead of using concrete. Figure 6.1 presents a schematic overview of a fixed
dome underground digester with its relevant components.

Major technical problems of the evaluated systems included insufficient slope
(less than 5 %) of the inlet pipe which led to frequent blockage (Chitwan 10 m?,
Chitwan 35 m®) or which made operation impossible (Manila 24 m?). Absence of
downward gradient between compensation chamber and storage pits resulted in a
backflow of rainwater into the digester, thereby diluting the active slurry content
(Kaski 10 m?). Lack of water condensation traps (all systems in the Philippines)
also leads to blockage of gas pipes. The reasons of failure in the biogas reactor
called Cradle (12 m?) was attributed to irregular feeding, and lack of operation and
maintenance. Underlying causes for this is the lack of a proper transfer of technical
knowledge and skills during the change of personnel responsible for operation.
Furthermore, the reluctance of specific personnel to take charge in the operation
was mentioned as additional reason for failure.

A rule of thumb for digester volume calculation is 100 L of digester volume
required per person, (e.g., a prison with 200 detainees needs a 20 m® digester).
This is based on the estimation that 3.3 L/person of diluted substrate (feces, urine,
flush water) is added and a HRT of 30 days is envisaged. The design of fixed dome
underground digesters normally considers gas storage volume to be 25-30 % of
the total digester volume and the volume of the compensation chambers between
55 and 60 % of the dome volume. Digesters should not exceed a total volume of
100 m? else static reasons demand expensive structural reinforcements.

Construction of multiple digesters in series as observed in Rwanda (Fig. 6.2) is
preferable to one single larger digester. On one hand, it facilitates maintenance
work (e.g., internal re-coating with acrylic emulsion paint) as the digester under
repair can be by-passed); on the other hand it is considered as an appropriate
method to compensate for fluctuation in number of detainees (and the corre-
sponding change in substrate quantity). The total volume of the digesters built in
series needs to be appropriate for treatment of all the waste when the prison is
occupied to its maximum. If the number in detainees declines, this does not affect

Fig. 6.2 100 m® digesters in
series (Rwanda; Reprinted
here with kind permission
EREP 2004)
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Fig. 6.3 Internal baffle wall
(Reprinted here with kind
permission KfW 2009)

the performance as the HRT increases, leading to better degradation of organic
material and better hygenization of the feedstock.

For prisons with a single digester (capacity of 500 detainees and less), the
inclusion of an internal baffle wall in the digester (Fig. 6.3) or the ‘non-straight’
line layout of digester and compensation chamber is an option to increase the Solid
Retention Time (SRT) without increasing the size of the digester (thus not
increasing construction costs). Gas tightness of the dome is imperative and can be
ensured by applying layers of acrylic emulsion paint. No concluding statements
can be given regarding lifespan of the system as all evaluated biogas plants were
relatively new: Literature findings (KfW 2009) indicate a digester lifespan of
20 years, piping lifetime of seven years and the renewal of acrylic emulsion paint
inside the dome every 4-6 years.

It is advantageous to use a standardized design (digester models, diameter of
pipes) for all biogas systems in one country as it simplifies knowledge transfer,
provision of training and uniformity of spare parts needed. Reinforcement rods
constitute a considerable element of expenditure, thus should only be installed
where necessary (slabs of compensation chambers, possibly in large domes, but
not in walls, inlet and outlet chambers). The outlet gas pipe needs to be properly
fixed in a turret. In colder climates, sufficient soil backfilling on top of the digester
is important (e.g., recommended minimal depth underground on top of the reactor
in Nepal is 40 cm) not only to ensure protection of the dome, but also to reach
adequate counter-pressure and to minimize the temperature change between sea-
sons and day/night, which is preferred for consistent microbial activity. In year-
round warm climates (e.g., in the Philippines) a dome that is exposed to sunlight is
considered beneficial as it helps increase the temperature of the digester, thus
promoting gas production.

The gas pipes need to be installed as direct as possible, avoiding unnecessary
elbows as this leads to reduction of gas pressure. It is absolutely essential to install
condensation traps at the lowest points of the gas pipe. Vapor, a natural component
of biogas, condenses in the pipe and eventually leads to blockage of the pipeline so
that the gas does not reach the kitchen anymore. Regular emptying of these water
traps is crucial (see Sect. 6.3.2.1).

Regarding biogas stoves, the following points need to be taken into account:
The approximate average biogas consumption rate per (household-sized) stove is
400 L/h. If liquefied petroleum gas (LPG) stoves are used, modifications are
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required to ensure proper burning. For this purpose, the nozzle hole needs to be
enlarged to 3 mm diameter as methane has larger particles than LPG, explaining
the need for a larger opening to attain the needed volume flow. The burner holes
need to be enlarged to 4 mm diameter. The air intake ports needs to be provided
with a regulating flap behind the nozzle to balance the needed volume for proper
burning of the gas.

As hydrogen sulphide (H,S), a natural component of biogas, is extremely
reactive with most metals, kitchen equipment such as stoves and stovepipes are
prone to corrosion. It is therefore advised by some experts to install a H,S trap
(Mottet 2009): Two columns (one for desulphurization, one for regeneration) filled
with iron oxide for absorption of H,S; the H,S reacts with the iron oxide to form
iron sulphide and water. Addition of sufficient air converts the iron sulphide back
to the oxide and leads to precipitation of elemental sulphur.

6.3.1.4 Outputs

The reduction of COD serves as an indication of the digester performance and can
be calculated by comparing the COD of the input with that of the effluent. The
larger the reduction, the more organic matter have been degraded and transformed
into biogas. With the exemption of the Davao system, where most likely a mistake
in sampling or analysis occurred, the COD reduction in all reactors in Nepal and
the Philippines show very satisfactory ranges between 89.6 and 98.4 %. The study
in Rwanda compared the COD content of the effluent after digestion to the same
effluent after post-treatment in the septic tanks.

The daily gas production per person was measured in the prisons of Nepal and
partly in Rwanda. It ranges from 25.9 L/person/day (Chitwan 10 m®) to 61.9 L/
person/day (Kaski 20 m?) (see Fig. 6.4). The large variations can be explained by
the fact that in some reactors kitchen waste was also added, which considerably
increases the gas yield. The measurements of the methane (CH,) fraction in biogas
presented in Fig. 6.5 reveals results between 57 % (Kaski 20 m®) and 78 %

Fig. 6.4 Comparison of Daily gas production per person
daily biogas production per
person

Liter biogas/person/day
=3
(=]
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Fig. 6.5 Comparison of biogas composition in AD systems of Philippines [PH], Nepal [NP] and
Rwanda [RW]

(Chitwan 35 m’ ). The low CH,4 content in Kaski can also be explained by kitchen
waste feedstock (rich in carbohydrates), which substantially increases the gas
production while at the same time lowering the methane content, as kitchen waste
releases high quantities of CO,. The average CH4 content in all evaluated oper-
ational systems is 70 %.

The World Health Organization (WHO) lists two indicator organisms for safe
agricultural use of greywater, excreta and fecal sludge (WHO 2006): E.Coli and
helminth eggs. The quality of the effluent directly after the anaerobic digestion
process was found not to be acceptable for restricted irrigation (crops that are not
eaten raw) as particularly helminth eggs were not eliminated during the anaerobic
digestion process. An adequate form of post-treatment is therefore required. Apart
from using the old septic tanks for settlement of solids and therefore partial
elimination of pathogens, the reports advise an additional composting step (mix of
effluent with fresh agricultural waste) or a soak-pit/drying bed (as practiced in
Rwanda) as pathogens normally cannot survive in a dry environment. However, as
helminth eggs are very resistant, this method first needs to be tested, properly
analyzed and proven. In any case, it has to be emphasized to only apply the effluent
to products that are not eaten raw or need peeling (e.g., banana).

On this aspect, the biogas systems in Rwanda are considered as example of best
practice and, if space availability does not constitute a problem, can be seen as a
model for replication. First of all, the digester installation in series leads to a higher
HRT with a consequential higher reduction of pathogens (HRT 30-40 days; 0.5
log units). The digested effluent is further directed into the previously used septic
tanks where sedimentation of remaining organic matter, helminth eggs and para-
sites takes place (SRT 15 years; maximum pathogen reduction). From there, the
post-treated effluent flows in mud canals to a soak-away pit where liquid infiltrates
into the soil (HRT some days, weak pathogen reduction) and the remaining
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Fig. 6.6 Post-treatment in Rwanda: Septic tanks; canal for post-treated effluent; soak-away pits
and dried residuals; entrenched manure in banana field; use of manure for pepper breeding (/eft to
right; reprinted here with kind permission Mottet 2009)

organic matter accumulates, dries out and can finally be used as organic fertilizer.
In Rwandese prisons, the organic manure is entrenched between banana trees or
added as fertilizing mix to pepper seedlings (Fig. 6.6).

It is important to note that the digested effluent needs to be diluted with water
before application on the plants to reduce the osmotic pressure (high salt content
measured as electrical conductivity), and to dilute the high nitrogen content. This
Rwandese method of post-treatment in septic tanks not only results in additional
reduction of pathogens, but also to further COD reduction between 55 and 89 %
compared to the digested effluent.

Another option is to mix the digested effluent with raw material (e.g., agri-
cultural waste) in covered compost pits. In the resulting exothermic aerobic
digestion process, high temperatures (70 °C) are generated that lead to elimination
of remaining pathogens. However, this option requires more regular working
efforts (turning of compost) as it has to be ensured that sufficient oxygen reaches
the organic matter to be composted.

6.3.2 Operation and Maintenance

6.3.2.1 Stakeholders’ Responsibilities

Prior to the construction of a biogas system, a set of relevant points need to be
discussed and agreed upon with the prison authority and the detainees. By means
of user trainings/workshops, the detainees have to be informed about the biogas
system, including:

e Water for anal cleansing and flushing toilets: Regulation of maximum quantity
of water used per flush (3 L).

e Use of detergents: No chlorinated substances but only easily biodegradable
detergents should be used for toilet cleaning to avoid inhibition of the anaerobic
digestion process. If chlorinated products must be used for the general disin-
fection of the toilet area (floors, walls, etc.), in case of epidemics for example, it
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should be avoided that the cleaning liquids enter the toilet opening and reach the
AD to avoid inhibition of the anaerobic digestion process.

Management of greywater: Greywater from washing hands, food, clothes and
dishware as well as from showering is not a suitable feedstock for AD systems
as it is highly diluted, i.e., low organic content leads only to minimal increase of
biogas generation while requiring a large digester size to ensure sufficient HRT.
Kitchen waste: Importance of adding kitchen waste to the digester (to increase
gas production and to meet design requirements). Be aware of existing kitchen
waste handling and ‘competitors’ (e.g., pig farmers in the vicinity who pick up
kitchen waste and possibly pay for it).

Particle size of kitchen waste: The size of particles needs to be reduced (as a
general rule: pieces of max 5 cm, but this has to be seen in correspondence to
diameter of inlet pipe) before feeding kitchen waste into the digester in order to
prevent blockage and to facilitate microbial biodegradation.

Blockages: Counter-measures in case of blockages (mixing with water, stirring,
de-blocking with long tube).

Gas consumption: Necessity of total gas consumption produced every day to
prevent overpressure with consequential methane slips through compensation
chamber (greenhouse gas emission) or slurry overflow.

Expectations: It is important that the prison authorities and detainees have
realistic ideas about what can be expected from the biogas system (it needs to be
explained that biogas will only substitute a certain amount of previously used
cooking fuel and the amount can be influenced by following the agreements
such as kitchen waste feeding, minimized water flushing, etc.). Additional
changes/benefits will be a reduction in cooking time (e.g., 25-33 % in Rwanda)
compared to use of fire wood, less pot cleaning due to less soot, and absence of
smoke.

Biogas flame: Adjustment of nozzle and burner holes, regular cleaning of stoves
is required.

User committee for O&M: A user committee needs to be appointed which is
responsible for smooth operation (e.g., ensuring that all gas is consumed by
using it between meal-preparing times for water cooking, bread baking or
simply burning it) and maintenance (the reasons behind regular check-ups need
to be explained, e.g., that gas leakages in the kitchen threatens the health of
kitchen staff; instructions for basic repair work).

Maintenance tool kit: A set of spare parts with tools has to be provided. It has to
be pointed out that even relatively small problems (e.g., forgotten condensed
water drainage, leakage of biogas in kitchen or blockage of inlet pipe) can lead
to adverse consequences such as risk to human health (biogas leakage in
kitchen), overflowing toilets with cumbersome repair work or even to a system
standstill (blockage of inlet pipe).

Incentives: The incentives (money, better conditions, kind) of the persons with
assigned tasks (e.g., kitchen waste feeding, emptying of water traps, cleaning of
stoves, leakage checks, etc.) needs to be jointly negotiated and a controlling
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body has to be appointed which is responsible to check if tasks have been
properly conducted.

e Continuity of AD knowledge and skill: It is crucial that the number of members
in the O&M group remains constant. This will prevent loss of knowledge and
skills when AD-competent detainees are released.

e Transfer of well-informed and influential personnel: The frequent transfer of jail
personnel also implies a risk that relevant knowledge is lost. Often even more
critical is the departure of the ‘head of detainees’ (the person within the
detention area with most influence). It was observed that the functionality of the
AD system often correlated with the personal motivation and involvement of
this person. In case of succession, significant attention needs to be dedicated to
transfer the required knowledge and organizational understanding to ensure
continued smooth AD operation.

e Effluent handling: The associated risks with effluent handling needs to be
mentioned and methods shown to minimize health hazards. Protection clothes
such as rubber gloves and boots should be worn and persons with open wounds
should not be allowed to handle effluent. Directives need to be given that
thorough hand washing with soap is required after every activity involving
effluent contact.

e Application of effluent/digestate: Proper application of digestate needs training
(e.g., post-composting, entrenchment of manure, dilution of effluent).

6.3.2.2 Health Risks and Mitigation Measures

If a biogas system is properly designed, constructed, operated and maintained, the
risks to human health can be kept within reasonable limits.

Although from a technical and economic point of view, reduced flushing water
inflow is desirable (higher HRT, smaller dimensioning of digester, i.e., lower
costs), it needs to be in balance with the demand for sound hygiene. A compromise
has to be found to avoid excessive water use and to still keep up the level of
hygiene required to avoid transmission of diseases.

The compensation chambers need to be covered with reinforced slabs
(detainees were reported to have fallen inside the chambers (EREP 2004). Fur-
thermore, gas leakage has to be avoided, especially in areas of human activity
(e.g., kitchen). To minimize the risk of leaks, exposed gas pipes (prone to stumble
over) need to be properly covered and vulnerable plastic pipes in the kitchen
(connected to the stoves) should be protected from mechanical and thermal
damages. As H,S is a highly toxic and flammable gas that is heavier than air, it
tends to accumulate at the bottom of poorly ventilated spaces. However, due to its
smell (similar to rotten eggs), it helps to detect leakages (methane and carbon
dioxide are both odorless). Still, if the kitchen environment cannot be properly
ventilated, the installation of a H,S-trap as recommended by Mottet (2009) is
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advisable. Another safety device recommended is the installation of a simple
gravel filter in the gas pipe to prevent back-flow of the flame (EREP 2004). There
is a theoretical risk of explosion if 6-12 % of CH,4 is mixed with air (Deublein and
Steinhauser 2011). The knowledge of the detainees regarding AD and in particular
the potential misuse of biogas as explosive device is considered a minor risk.

When manually desludging the digester, a prior ventilation of the digester is
indispensable to avoid exposure to toxic gases and suffocation. In addition, as a
result of the explosion issue mentioned above, open fire or smoking has to be
prohibited when working in the digester. As mentioned above (Sect. 6.3.2.1),
special attention needs to be dedicated to any handling of effluent.

6.3.3 Economic Aspects

In Rwanda and Nepal, the overhead of the implementing biogas company
amounted to 50 % of the total costs (i.e., material and labor account for 50 % of
the total costs, whereas the other 50 % was charged by the company for their
planning and supervision work). The average cost of a biogas system per cubic
meter was found to be 230 US$ in the Philippines, 250 US$ in Nepal and 300 US$
in Rwanda. It has to be noted that the evaluations in Rwanda and Nepal used the
total digester volumes for this calculation, while the Philippines-report based the
cost/m> on the total system volume (digester + compensation chamber).

Based on the country reports, the savings from substitution of cooking fuel are
as follows: In Rwanda, the savings resulting from reduced consumption of fire
wood amount to 26-53 US$/day. For Muhanga, a reduction of money spending
was reported to be 40 %. The financial savings in Nepal amount to 17 % (Chit-
wan), 22 % (Kanchanpur) and 41 % (Kaski due to kitchen waste addition) com-
pared to the time before using the biogas system. In the evaluation of the
Philippines, monthly savings of 5 % is reported (Cagayan de Oro prison). Future
operational costs need to be envisaged for replacement of damaged parts, repairing
and desludging (every 5-10 years, EREP 2004), but budget for it is context-
dependent. Approximate payback periods were only calculated in Nepal. The
results of the calculations, which did not consider price fluctuations and eventual
costs of repairing and digester desludging, were 1.5 years (Kaski), 5.4 years
(Chitwan) and 3.7 years (Kanchanpur).

6.3.4 Environmental Aspects

As mentioned above, a substantial amount of firewood is saved by using biogas,
leading to reduced deforestation in the vicinity of the prisons.

Table 6.2 presents the results taken from the evaluation reports, emphasizing
the total annual saving of firewood per prison.
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Table 6.2 Overview of firewood savings per prison

Location Digester size (m°) No. of detainees Total firewood saving
(tons/year)
RW*  Muhanga 500 (5*100) 7604 3.50
Gikongoro 300 (3*100) 3385 1.75
Cyangugu 400 (4*100) 3499 1.1-2.1
NP® Kaski 10 65 3800 L kerosene*
Kaski 12 135
Chitwan 10 115 10
Chitwan 35 155
Kanchanpur 10 106 4
PH® Cagayan de Oro 25 1112 18.25
Davao 10 1142 13.14
Sultan Kuradat 10 270 9.13
Manila 24 519 n/a
Cradle 12 220 n/a

RW* Rwanda; NP® Nepal; PH® Philippines *Equivalent to 8.5 t of fire wood (Kerosene:
46 MJ/kg; 3800 L = 3040 kg kerosene [1 kg = 1.25 L]) = 139’840 MJ = 8.48 t of wood
[16.5 MJ/kg])

Large differences between the countries were found which can to some extent be
explained: Some of the detention facilities used improved cooking stoves but others
use conventional method of cooking with open stoves, which explains the large
consumption of wood. Furthermore, in the Philippines, hard wood such as pine,
oak, beech hardly exists. For cooking purposes, almost exclusively lightwood is
used with a lower heating value and often the wood is still moist. If (imported)
hardwood is available, this expensive and exclusive wood type is predominately
used for construction of buildings. Although the absolute number of firewood
savings in Rwanda is small compared to the other prisons, the reduction of firewood
consumption is reported to be between 25 and 40 % in reference to wood volume.

6.3.5 Socio-Cultural Aspects

The biogas systems are nowadays, after an initial phase of slight hesitation,
favorably perceived by the vast majority of detainees. The initial fears included
risk of disease transmission and bad taste of food that was prepared with biogas (as
it is generated from human waste). However, as no negative effects were observed,
these concerns gradually faded away. The main advantages in comparison with the
previous (septic tank) system were mentioned to be the improved hygiene in the
toilets combined with the absence of overflowing toilets and especially the gen-
erated energy. The reports also state a change of perception of the detainees: from
excreta that was seen as waste, towards considering it as a valuable resource of
energy. It was observed that the biogas systems are perceived as energy systems
rather than as sanitary treatment systems.
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Nighty-eight percent (98 %) of the interviewed detainees in Nepal and 100 %
in Rwanda reported that the living conditions have improved since the installation
of the biogas system (the report from the Philippines lacks this information). The
following underlining arguments were given:

Less smoke in the kitchen;

Improved sanitation and hygiene (also less insects);

Cleaner environment (jail in general and kitchen);

Time saving through cooking with biogas;

Money saving (substitution of expenses for previous cooking fuel);

Assurance of being able to cook and eat (no more shortages of cooking fuel, i.e.,
firewood);

e Fewer outbreaks of diseases.

In some prisons where neighbors had previously complained about the odor and
the overflowing feces, jail staff nowadays face much fewer complaints from the
neighborhood.

6.4 Conclusions

As a technology is only as appropriate and good as its design, acceptance, oper-
ation and maintenance, these points deserve the main attention of any performance
evaluation. The evaluation conducted in Rwanda, Nepal and the Philippines
showed that satisfactory operation of a biogas system can be achieved if adequate
attention is given to the site selection, dimensioning and managerial aspects of the
system. For this, it is crucial to understand the local climatic and geotechnical
conditions, sanitary habits, waste flows and power relations in the prisons. It is
particularly important to ensure support and active involvement of the head of
detainee as he/she has the privilege to allow and command the detainees to leave
the prison walls for regular maintenance work. Kitchen waste addition can boost
(even double) the biogas production, but its use might be in conflict with potential
competitors (e.g., local farmers who use it as animal feed). To deal with high
fluctuation in detainee numbers, it is advised to install digesters in series instead of
a single large one. This ensures sufficient HRT satisfactory reduction of organic
matter, increased pathogen reduction and at the same time enhances biogas cap-
ture. This paper listed relevant points that have to be discussed with detainees and
prison authorities prior to the digester installation. It is absolutely essential to give
proper training for the users in order for them to get an understanding of the
requirements of a well-functioning system. In addition, a maintenance strategy
needs to be in place that includes clear allocation of responsibilities, a task
schedule and control mechanisms to check if duties have been conducted properly.
Biogas systems are favorably perceived by the vast majority of the detainees as
they have led to improved living conditions and reveal more benefits compared to
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the previously installed septic tanks. Rather than being regarded as sanitation
system, the biogas technology is considered as an energy system. However, while
a biogas system can be an appropriate treatment technology for blackwater (feces,
urine, flush water) and kitchen waste, it does not present a suitable solution for
treatment of the highly diluted greywater (shower water, kitchen water).

Overall, experiences in Rwanda, Nepal and the Philippines revealed that the
systems could run successfully and thereby improve the conditions of detention if
the discussed set of relevant issues is considered right from the beginning. Key for
this is the availability of AD knowledge, skills and experiences of the constructing
company and the involvement of detainees at every stage. It has to be ensured that
the AD knowledge is kept within the prison walls despite frequent turnover of
people (detainees and prisons’ staff) in charge of the system. The evaluations form
an essential and integral part of assessing the appropriateness of the biogas sys-
tems, as they provide a reality-check, help to make weaknesses apparent and lead
to adaptations of the system according to local needs and capacities.
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Chapter 7

Technologies for Smallholder Irrigation
Appropriate for Whom: Promoters

or Beneficiaries?

R. P. S. Malik, C. de Fraiture and Dhananjay Ray

Abstract Fifteen years after the successful introduction of treadle pumps for
small farm irrigation in the North Bengal region of India, the socio-economic and
technological landscape has changed dramatically. However, donors have con-
tinued to support treadle pump programs. Revisiting the factors that contributed to
its initial success, the authors in this paper examine whether the use of treadle
pumps continues to be an appropriate technology for smallholder irrigation. The
results suggest that treadle pumps, when introduced during the mid-1990s, were
successful because of a near technological vacuum at that time. Over the years,
with the advent of small affordable diesel engines, motorized pumps have become
widely available and a large rental market for water and pumping equipment has
emerged. The farmers started abandoning the treadle pumps. Growing labor
scarcity, rising labor wages, and increasing concerns over drudgery also dissuaded
farmers from using the labor-intensive treadle pumps. The study reaffirms that the
adoption of a technology is a dynamic process and that a technology that was
appropriate at one point in time will not necessarily remain so at other times. It
underlines the need for regularly revisiting technology choices and independent
monitoring to understand better the changing landscapes of smallholder irrigation.
This will ensure that the technologies desired most by beneficiaries—not just by
promoters—get the support and promotional backing of the donors and govern-
ments for effective poverty reduction.
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7.1 Introduction and Purpose

The treadle pump is an elegant, foot operated water lifting device which, by using
suction force, lifts water from rivers, swamps, reservoirs, and shallow wells (hand
dug) over a depth ranging from 0 to 8 m to the ground surface where it is intended
to be used by farmers for irrigation, livestock, domestic, and other purposes.
Invented by Gunnar Barnes in the 1970s, the treadle pump was first introduced in
Bangladesh by the non-governmental organization (NGO) Rangpur—Dinajpur
Rural Service (Orr et al. 1991). Treadle pumps appeared to be an ideal technology
for smallholders at the time because they were cheap, running costs were close to
zero, pumps could be manufactured and repaired locally, and they could be easily
transported between fragmented landholdings. Using body weight and leg muscles
to push down the treadles, they were also less tiring than other manual water lifting
devices available using arm muscles (Chancellor and O’Neill 2000; Lambert and
Faulkner 1991; DTU 1991). The manufacturing price of US$ 15 for the simplest
treadle pump model made of bamboo compared very favorably to the nearest
alternative manual pump available in Bangladesh in the 1980s. The alternative
irrigation technology, a heavy 5 Horse Power (HP) diesel pump costing around
US$ 500 in 1990, was largely out of reach for all but the richest smallholders
(Polak and Yoder 2006). These factors contributed to successful marketing and
uptake of treadle pumps by the smallholder farmers in Bangladesh in the 1980s
and the 1990s. According to some estimates, over 1.3 million treadle pumps were
sold to smallholder farmers in Bangladesh alone (Polak n.d.). The positive impact
of the treadle pump on incomes and poverty reduction in Bangladesh was
impressive. Several studies linked the adoption of the treadle pump to increased
annual incomes varying from US$ 50 to US$ 500 (with a modal value of US$ 100)
per year (Shah et al. 2000), and most smallholders were able to earn back their
investment in less than a year (Polak and Yoder 2006).

Building on the positive outcomes in Bangladesh, International Development
Enterprise (IDE), an international NGO, and other local NGOs started programs to
disseminate treadle pumps in India from the mid-1990s onwards in areas where
shallow groundwater was abundant and easily accessible (Rao 1996). One of these
areas was the northern part of West Bengal in India, bordering Bangladesh, where
conditions were similar to those in Bangladesh: high density of poor smallholders,
surplus family labor, and ubiquitous shallow groundwater. The North Bengal Terai
Development Project (NBTDP), one of the first projects promoting treadle pumps
in India, sold 11,500 treadle pumps between 1995 and 2000 in Cooch Behar,
Jalpaipuri, and Silipuri, the three districts in the northern part of West Bengal (van
Steenbergen 2003). Several studies show positive impacts of these projects on
farmers’ income (Kumar 2000; Shah et al. 2000) and pumping and energy effi-
ciency (Srinivas and Jalajakshi 2004). The treadle pump market potential in India
as a whole was estimated to be between seven million (Indicus Analytics 2003)
and ten million (Shah et al. 2000). Achieving this potential would mean over one
billion US dollars per year in the hands of the poor (Shah et al. 2000).
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Encouraged by the initial success in North Bengal, the NGOs increased their
promotional efforts of the treadle pumps—with substantial financial backing from
international donors—citing an increasing number of treadle pump sales to sub-
stantiate their assertion of the high demand for treadle pumps. The available
estimates of potential demand for the technology only helped further substantiate
their argument. At the same time, some evidence started to emerge that small-
holder farmers had lost interest in this manual technology (Naik 2002) and had
started accessing water through other means, such as renting diesel pumping sets
(Polak n.d.). This, however, neither dampened the enthusiasm of NGOs in pro-
moting the technology, nor of the donors in providing financial support.

Fifteen years after the first introduction of treadle pumps, the socio-economic
and technological landscape in India has changed dramatically. Revisiting factors
that contributed to its initial success, this study assesses if treadle pumps are an
appropriate irrigation technology choice for smallholder farmers to adopt and for
donors to support in the changed settings.

7.2 Study Area, Survey Design, and Methods

The study was carried out in the Cooch Behar district located in the state of West
Bengal, India. The Cooch Behar district shares India’s land locked international
border with Bangladesh. The study area was chosen based on a number of con-
siderations. First, marginal and smallholder farmers dominate the Cooch Behar
district. According to the 2000/2001 agricultural census, 93 % of the total 309,371
holdings are below 2 ha. Groundwater is abundant and easily accessible (the
groundwater table is between 2 and 5 m during pre-monsoon). These are ideal
circumstances for both human operated and motorized pumping technologies.
Second, the Cooch Behar district has a long—and still ongoing—experience in
treadle pump promotion and use. The farmers in the district were among the
earliest adopters of treadle pumps in India. In the early 1990s, treadle pumps were
illegally brought in from neighboring Bangladesh, where this technology was first
introduced (van Steenbergen 2003). Subsequently, donor supported programs to
promote the use of treadle pumps were implemented, mainly by IDE through
NBTDP (1995-2000), as described above. With the exception of a few interrup-
tions due to donor funding, IDE-India has remained active in the area until recently
and is reported to have sold over 8,000 pumps in the Cooch Behar district during
the period from 2005 and 2009. Third, in the 1990s, the study district was one of
the first areas to witness the influx of relatively cheap and lightweight Chinese
motor pumps, unofficially brought in from Bangladesh and Nepal. With the
electrification of the district, electrical pumps also became popular. Finally, the
proliferation of motorized pumping (both electric and diesel) led to the emergence
of a thriving water and pump rental market in Cooch Behar. In summary, the area
has seen an evolution in pumping technologies and therefore is a good case to
study treadle pump adoption and dynamics.
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Table 7.1 Composition of

Irrigation equipment Number of respondents %
the survey sample

Owns or owned treadle pump 60 22

Owns or owned motorized pump 120 44

Never owned pumping equipment 91 34

Total sample size 271 100

For this study, a survey was taken among a sample of 271 farmers from three
blocks in the Cooch Behar district (Mathabanga I, Cooch Behar I, and Sitalkuchi)
and examined treadle pump adoption over the period from 1990 to 2010. The
blocks selected are locations where treadle pumps have been—or still are—being
promoted. The breakdown of the sample of 271 farmers selected is given in
Table 7.1. The sample is comprised of farmers who had either previously owned or
still own a treadle pump (22 %), farmers who have invested in motorized pumps
(44 %), and farmers who never owned any pumping equipment and depend either
on the rental markets or practice rainfed farming (34 %). The survey addressed
questions on the adoption dynamics and farmers’ awareness, as well as preferences
for and opinions of, various pumping technologies. In addition to the farmer
survey, data was collected from observations during field visits, and semi-struc-
tured discussions with key informants (lead farmers, agricultural equipment sup-
pliers and sellers, grass root level officials, mechanics (mistris), and other
stakeholders). Primary data was cross checked and complemented from published
and unpublished secondary data sources.

7.3 Results
7.3.1 Current Status of Use and Disuse of Treadle Pumps

Out of the 60 sampled farmers who once bought a treadle pump, only five (8 %)
are still using them as the main source of irrigation. The vast majority (55 farmers
or 92 %) have stopped using them for irrigation, though a few use their treadle
pump occasionally as a standby arrangement (e.g., for priming diesel pumps or for
drinking water purposes after dismantling one of the barrels). Table 7.2 gives the
frequency distribution of farmers according to number of active years of use of
treadle pumps. The results indicate that about 13 % of the farmers discontinued the
use of treadle pumps after just 1 year and more than 50 % after 4 years. On the
other hand, 19 % of the farmers surveyed maintained their pumps for irrigation
purposes for 8 years or more. Overall, the average period for treadle pump use was
just under five years.

In the survey site, a pattern of dis-adoption of treadle pumps became noticeable
beginning in 2003, and by 2006, almost 53 % of treadle pump owners either had
stopped using their treadle pumps or used them only occasionally (Table 7.3). The
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Table 7.2 Number of years of use of treadle pump as a main source of irrigation

Total number of sampled farmers 60
Number of farmers who are still using treadle pumps as the main source of irrigation 5 (8 %)
Number of farmers who stopped using treadle pumps or relegated treadle pump to 55 (92 %)
secondary position

Number of years of use Number of farmers %
1 7 13
2 5 9
3 9 16
4 7 13
5 7 12
6 6 11
7 4 7
8 2 4
>8 8 15
Total 55 100

&
I
&

Weighted average years of active use

Table 7.3 Temporal pattern of disuse of treadle pumps

Year stopped using treadle pump as the main source of irrigation ~ Number of farmers %

Before and up to 1994 2 4
1995-2002 7 13
2003-2006 20 36
2007-2010 26 47
Total 55 100

pace of abandonment further accelerated between 2007 and 2010 with approxi-
mately 47 % of sampled treadle pump owners dis-adopting the technology during
that period. Additionally, out of the nine persons who purchased a treadle pump
between 2007 and 2010, 3 persons (or 33 %) also abandoned the technology
during that period.

Two main factors have contributed to the observed pattern of dis-adoption:
availability of affordable motor pumps (including rental markets) and the increased
costs of labor. These factors are described in more detail below.

First, before 2002, diesel or electric pumps—though present in the region—were
not common due to the lack of availability in the market, high purchase price, high
operational cost (fuel), and the small fragmented landholdings of the majority of
households. Electricity connections for irrigation pumping were few and if avail-
able, reliability of electricity supply often was problematic. Only a handful of large
farmers could afford owning motor pumps. Rental markets for diesel pumps and
water markets did not exist, in part due to the heavy weight of diesel engines,
making it difficult to transport them for rental. Small farmers, therefore, had little or
no choice other than using manual water lifting methods, such as treadle pumps, or
practicing pure rainfed farming. From around 2002 onwards, the area saw a large
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influx of mechanized pumps. Small, cheap, and lightweight Chinese-made petrol/
diesel pumping sets started making inroads in the Cooch Behar district, initially
smuggled over the Bangladesh border, later legally imported. At the same time, the
expansion of electricity connections to rural areas encouraged investments in
electrical pumps. Indian manufacturers of diesel engines facing competition from
imported Chinese diesel engines developed lighter weight, better quality, and rel-
atively cheaper versions of diesel engines to regain part of the market share. A
market for secondhand pumps and spares for Indian pumps is now emerging. As a
result, a variety of affordable, lightweight, and easily transportable motor pumps
became widely available and as a spin-off, informal—but competitive—pump
rental markets emerged. Through these markets, motorized pumping became
accessible to smallholders who could not afford to invest in their own pump.

Second, because of increasing prospects for employment, both within the
agriculture sector (due to increased availability of irrigation) and outside agri-
culture sectors (in services such as rickshaw pulling), labor became scarce and
expensive. This trend was accelerated by the implementation of an employment-
generating program—Mahatma Gandhi National Rural Employment Guarantee
Act (MGNREGA) of Government of India." Opportunity cost of family labor and
costs of hired labor increased, making labor-intensive technologies such as treadle
pumps less attractive.

Both trends are clearly reflected in our study results. However, when asked
about the reasons for disuse of treadle pumps, a majority of the dis-adopters
mentioned issues related to unavailability or high price of labor (Table 7.4).
Nearly all of those who stopped using treadle pumps (53 out of 55, or 96 %) now
have access to water by renting motorized pumping equipment. Only two of them
stopped using irrigation water entirely and switched to rainfed farming. None of
them bought a motor pump. However, given the opportunity, about 77 % of the
former and present treadle pump owners indicated that they would aspire to
purchase a motorized pump (diesel or electricity operated), but the high purchase
and running costs combined with the lack of access to finance are the main
obstacles (Table 7.5).

7.3.2 Uptake Potential of Treadle Pump Technology

Given the pace at which the owners of treadle pumps have been abandoning the
technology, do treadle pumps hold any promise in the future? The potential
demand for treadle pumps can come from two groups of farmers: (i) those that
have used this technology in the past but abandoned it subsequently, as discussed
above; and (ii) those who have not so far invested in any irrigation technology.

' The MGNREGA is a poverty alleviation program in which the Indian government guarantees
100 days of paid labor for those willing to do unskilled work.
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Table 7.4 Factors that have contributed towards disuse of treadle pumps

Total number of sampled farmers 60
Number of farmers who have stopped using treadle pumps 55
Number of farmers who are still using treadle pumps 5
Factors that contributed to decision on discontinuing use of treadle pumps as Number %
primary source of irrigation
Treadle pump related After purchase realized treadle pump is useless 6 11
technological factors technology so stopped using it
My treadle pump had lived its life and had become 3 5
unserviceable
Lack of spares and service facility/high cost of repair 0 0
Water output Water output is very low—insufficient for my size of 18 33
land holding and/or cropping pattern
Water level Water table has gone down—treadle pump unable to 5 9
lift water
Labor Not enough family labor, family refuses to treadle, 34 62

hired labor for treading not available or expensive

Note Totals may not tally due to multiple answers

Table 7.5 Factors dissuading farmers from investing in motorized technology

Total number of farmers 60

Number of farmers willing to invest in a motorized technology 46

Reasons for not investing Number of %o

farmers

High cost of technology 20 43

Quality of technology (quality, life of equipment, lack of dealer guarantee 8 17
on equipment)

O&M cost (spare parts not available, cost of repair high, mechanics not 4 9
available for repair)

Availability (of equipment, diesel) a problem 2 4

Lack of access to finance for meeting the cost 23 50

Any other 2 4

Note Totals may not tally due to multiple answers

We asked the 60 farmers, who have had experience in treadle pump ownership
and use, if the technology holds any promise for the future and if so, what can be
done to improve and rejuvenate the treadle pumps technology. All but three
respondents indicated that given the technology options available currently, there
is no hope for revival. The three more optimistic farmers thought that if the treadle
pump could be re-engineered and motorized, some farmers might return to using
them. However, technical challenges aside, motorizing treadle pumps would
defeat many of the benefits originally gained from the treadle pump (e.g., fuel-free
technology).
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Table 7.6 Non-ownership of irrigation equipment and methods of irrigation

Number %o
Total number of sampled households 91
Number of households who do not irrigate their crops 13 14
Number of households who irrigate their crop 78 86
Sources of irrigation used by farmers who irrigate their crops
Rented treadle pump 0 0
Rented diesel pump 65 83
Rented electric motor 13 17
Buy water from others 0 0

Our sample comprised of farmers, one-third (91 out of 271) of whom have
never owned pumping equipment (human operated or motorized) and could
therefore be potential users of treadle pump technology. Currently, this group of
farmers either rents irrigation equipment (86 %) or undertakes rainfed farming
(14 %). Of the renters, a large majority (83 %) rents diesel pumps; none of them
rents treadle pumps. Table 7.6 provides details.

With increasing sales of diesel pumping sets in the region and the fast devel-
oping rental markets, the availability of equipment for rent has improved, rental
rates have become competitive, and rental of equipment has become an affordable
and economically attractive option. Some of those who rent equipment do so as a
deliberate choice; others may want to buy their own equipment but face obstacles
to do so. When asked why they did not buy their own pumping equipment, more
than two-thirds of the non-owners indicated that lack of finances kept them from
buying equipment. Nearly one-third explained that they could rent equipment from
neighbors or the market (Table 7.7). Note that awareness about technology choice
was not perceived as a problem.

Of the 91 non-owners, 13 % indicated that they were not even interested in
buying equipment, even if some of the above concerns were addressed (Table 7.8).
Of the remaining 87 % willing to invest, all farmers expressed their preference for
motorized pumps. A small majority expressed their preference for electric pumps
(as opposed to diesel pumps), while few farmers would like to invest in both. This
is not surprising, given the comparative economics of electricity as compared to
diesel pumping.” The preference for diesel is due to the non-availability of elec-
tricity connections and the fact that diesel pumps are easier to transport.

None of the sampled households gave preference to treadle pumps. This is
remarkable given the low price of treadle pumps and the lack of finances to
purchase motorized pumps. Treadle pumps are specifically designed for this group
of poor smallholders. Farmers gave many reasons for their unwillingness to invest
in treadle pumps (Table 7.9). The most important of these relates to labor, either

2 It is a common finding that electricity is a preferred source of energy for pumping because it is
cheaper than diesel and electric pumps are better quality and more efficient (see among others
Shah 2009).
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Table 7.7 Factors constraining investment in irrigation equipment by non-owners
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Total number of sampled households 91
Reasons for non-investment
Factor group Specific factors Number % of non-owners
Physical Small size of land holding 19 21
Water access/  Enough rainfall—irrigation not required 0 0
availability
No surface water in the vicinity 1 1
Irrigate using gravity flow of surface water 0 0
Groundwater table very deep 1 1
Cultivate low water using crops 1 1
Irrigate using buckets etc. 1 1
Water market Equipment available for rent from 28 31
neighbors/market
Water available from neighbors for 7 8
purchase
Financial No money to invest 62 70
Credit facilities not available 14 16
Technological ~ Lack of awareness about different 3 3

technologies

Note Totals may not tally due to multiple responses in some cases

Table 7.8 Willingness to invest in irrigation and favored choice of irrigation technology

Number %
Total number of sampled households 91
Number of households who would not like to invest in an irrigation technology 12 13
Number of households who would like to invest in an irrigation technology 79 87
Preferred irrigation technology
Treadle pumps 0 0
Rope and washer pumps 0 0
Diesel pumping sets 38 48
Electric tubewell 45 57

Any other

Note Totals may not tally due to multiple choices

non-availability or the high cost of labor and health related problems of treading.
Part of this may be due to demonstration effect. Some of these farmers have seen
and discussed the use of treadle pumps with neighboring treadle pump owners.
Based on their neighbors’ experience they made their own assessment and decided
against investing in this technology. In fact, 56 % of the farmers dubbed the
treadle pump as a “technology without future”.
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Table 7.9 Factors inhibiting the choice of investment in treadle pump

Total number of sampled farmers 91
Number of farmers willing to invest in irrigation technology 79
Number of farmers indicating treadle pump as their most preferred choice 0
Factors inhibiting treadle pump as a favored choice Number %
Demonstration Neighbors/friends purchased treadle pump but are not happy 37 47
effect using treadle pump
Technological Useless technology—has no future 44 56
factors
Irrigating with treadle pump is very time consuming and slow 35 44
process
Concerns relating to poor quality of treadle pump available, 15 19
problems of spare parts availability, after sales services
etc.
Cannot draw water from greater depth 3 4
Water output Water output is very low—insufficient for my size of land 45 57
holding, not suitable for water intensive crops
Labor Not enough family labor, family refuses to treadle, hired labor 70 89
for treading not available or expensive
Health Treading causes pain in joints 51 65
Cost and access to Expensive, not enough money to invest, lack of access to 4 5
credit credit
Renting out Limited scope for renting out 13 16
Availability No treadle pump dealer in the vicinity 0 0
Gender Not gender friendly—women find it difficult to treadle, 7 9
women resent investment in treadle pump
Economic and Uneconomic to invest in treadle pump—cost of irrigating with 5 6
social prestige treadle pump is more than the revenue it generates through
increased crop yields
Others 0 0

Note Totals may not tally due to multiple answers

7.4 Conclusions and Lessons Learned

The treadle pump is a useful and affordable technology and offers great potential
for raising incomes of resource poor farmers through provisioning of water for
irrigation at a nominal cost. The evolution and dynamics of pump adoption in the
Cooch Behar district holds some important lessons that are relevant beyond the
study area as well.

While not undermining the immense utility of treadle pumps, it has to be kept in
view that the choice of technology is not a once for all decision. Technology
adoption is a dynamic process, and the success of a technology in one location at
one point in time does not guarantee its uptake in another location at another point
in time, even if the physical and social environment is similar. Circumstances and
conditions to successful adoption change over time. Treadle pumps were hugely
popular among smallholders in Bangladesh in the late 1980s and 1990s, but rising
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wages and the increasing availability of alternative options made treadle pumps
the least preferred option among smallholders in West Bengal 20 years later.

The adoption of irrigation technology does not necessarily follow a linear path
from ‘simple’ manual methods to ‘advanced’ motorized technologies. This linear
path is sometimes referred to as the ‘technology ladder,” which implies that hand
watering with buckets followed by treadle pumps are necessary stepping stones in
the adoption process of motor pumps because they allow smallholders to amass
sufficient irrigation experience and monetary means to be able to buy a motor
pump. In our study, we did not find evidence of the technology ladder, nor for
treadle pumps as a stepping stone technology. In fact, most o