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 PREFACE

This report is the result of an intensive effort by the Bureau
for Africa of the United States Agency for International Development
(AID) to examine field experience with renewable energy systems in
Africa. In late 1982, multi-disciplinary teams visited projects
financed by AID and other donors in seven countries - Botswana,
Kenya, Lesotho, Mali, Rwanda, Senegal and Upper Volta. Team members
were drawn from several sources:

The Bureau for Africa, AID

Bernadette Bundy, Energy Officer (Botswana and Kenya)
Mark Ward, Energy Advisor (Rwanda and Upper Volta)

The Bureau for Science and Technology, AID

Eric Peterson, Engineering (Botswana and Kenya)

Tﬁe Bureau for Program and Policy Coordination, AID |

Ron D. White, Economist (Botswana and Kenya)

: The Regional Economic Development Support Office for Wes/~‘) B
- Central Africa, AlD - ‘ L ' ‘*%qA

Clarence Kooli, Regional Energy Advisor (Senegal_and Lesotho)

wfor Eastland

The Regional Economxic Development Support Offic”
Southern Africa, AID / B i

Weston Fisher, Regional EnergyLAdvieoréiSenegal

Argonne National Laboratory

(Rwanda

Shirley Burchfield, Energy Information Specialis
and Lesotho) G R TR

‘Associates in Rural Development, Inc.

George Burrill, Energy Evaluation Expert (Senegal d
John Ashworth, Energy Evaluation Expert (Upper Volt
Martin Wulfe, Engineer (Rwanda and Lesotho

fPurdue University

‘Wallace Tyner, Economist (Senegal and Mali)
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Data on renewable energy projects national energy projects, and "
national energy profiles were gathered in Washington by Janine =
Finnell and Michael Zak of AID, Ted Jonas of Cornell University, and
Ed Harvey of Associates in Rural Development, Inc. B o

The major authors of this report are John Ashworth and George
Burrill with the assistance of all those listed above as well as
Richard Cirillo of Argonne National Laboratory and Molly Hageboeck
of AID's Office of Evaluation, both of whom contributed greatly with
suggestions and criticism .of form and content.

This report is neither exhaustive nor definitive. It is the
result of an effort to draw conclusions from a brief examination of
selected renewable energy activities. We Lelieve that both the
observations and the conclusions will be useful for planning further
energy activities in Afriica. If they are of value, it will be '
thanks in large part to the assistance and cooperation extended to
the field teams by the many individuals whom they visited and who
were generous enough tolshare their experiences and their views.

— Mark Ward ‘

+ Division of Special Development Programs
Office of Technical Resources - -

Bureau of Africa o

. Agency for International Development
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Agencies/Organizations

u.S. Agency for International Development

Division of Special Development Programs, Office of
Technical Resources, Bureau for Africa, A.I.D.

Botswana Technology Center

Centre d'Etudes et d'Application de 1l'Energie au Rwanda
Centre d'Etudes et de Recherches sur les Energies . -
Renouvables

Commissariat a l'Energie Solaire

Communaute Financiere Africaine

Canadian International Development Agency

Centre Interafricain d'Etudes Hydrauliques

Compagnie Malienne De Textile

Energy Development International, Inc.

Fonds d'Aide et de Cooperation

Food and Agriculture Organization of the United Nations
Institut Senegalais de Recherche Agricole

Institut de Technologie Alimentaire

Intermediate Technology Development Group

Lay Volunteer International Association

Miaistry of Cooperatiwves and Rural Development
Ministere de 1'Hydraulique et d'Equipement Rural
Ministry of Mineral Resources and Water Affairs
Ministry of Transport and Communications

National Aeronautics and Space Administration

Office Rwandais de Tourisme et Parcs Nationaux

Office of Evaluation, Bureau for Program and Policy
Coordination, Agency for Internmational Development
Regional Economic Development Support Office/East and
South Africa

Regional Economic Development Support Office/West and
Central Africa

Rural Industries Innovation Center
Republic of South Africa R
Office of Energy, Bureau for Science and Technology,
A.I.D. :

Swedish International Development Agency -
Societe Industrielle pour l'Application de l'Energie
Solaire ,
Societe Francais d'Etudes Thermiques et d'Energie
Solaire .

United Nations Development Program

Volunteers in Technical Assistance
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EXECUTIVE SUMMARY

1.0 Intfoduction

The lack of reliable, affordable energy has come to be consi-
dered one of the primary constraints to sustained economic and
social development in the Third World. African nations have been
particularly affected by rising energy costs and fuel shortages, and
are beset by one or more of the following energy related problems:

[ dependence on high cost petroleum imports with major impact
on balance of payments and foreign exchange earnings;

[ rapid rates of biomass depletion/natural resource degrada-
Cion primarily associated with agricultural clearing and
use of blomass to meet cooking fuel needs;

N low agricultural productivity and insufficient improvement .
in the quality of life for low-income rural and urban
populations due in part to the absence of tools, equipment
and systems which could make more effective use of energy,
including human energy, animal motive power, fossil fuels,
and to a more limited extent, wind, solar, hydropower, and
biomass fuels.

- In response to these problems, AID's Bureau for Africa in 1977
initiated an effort to test new_ sustainable energy sources and tech-
nologies. By 1982 AID funding for energy activities in Africa
(including fuelwood projects) was $30 million. This was used to
finance 24 renewable energy projects in 15 countries and 15 fuelwood
and forestry projects in 12 countries.

Similarly a wide range of renewable energy technologies were
introduced by a number of other donors. Now that some experience has
been gained, questions have begun to emerge concerning the extent to
which these technologies actually address the energy-related
problems described above. There are promising developments .
including the private sector marketing of improved metal stoves; the
expanding private sector markets for photovoltaics applications in
remote areas including communication, battery charging, emergency
lighting, vaccine storage, and shallow well pumping; the design of
more effective wind water pumping systems and programs; and the
incorporation of passive solar cooling and heating principles in
middle and low-income housing design. Nevertheless, renewable
energy development has been restrained by certain problems among
which the following have been noted frequently:
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?; jm§ﬁ;hKffiééh 6buﬁEf;é§ insufficient information exists |

,ché7nature and magnitude of energy-related probleméwfy
+and the potential contribution of renewable energy =
~ -systems toward solving priority problems;

- the human, physical, and financial resources availablé
for energy planning and management, including renew- .-
able energy development activity. s

f??  the relationship of these resources to overall |
B government priorities and national planning, or to .
training and technical assistance needs. o

- the performance and cost-effectiveness of renewable -
' energy systems and technologies; and R

'\f “ the social and ecconomic acceptability of téchndlogies_
and systems to meet end-user needs. '

72}1 Renewab1e energy technologies, systems and related profes-
- sional and technical training appear to be inadequately
matched to national energy requirements and end-user needs.

3. Production, maintenance and repair capability for renewable
: energy equipment and systems is limited throughout much of
Africa. :

&4, The marketing/dissemination of renewable energy systems and
equipment for agricultural and rural development is
currently ineffective. B
5. Effective project-level donor coordination on el
‘ energy-related assistance to LDC's, including renewable
energy is generally lacking. Cen

6.  Exchange of useful information between projects and
: countries is insufficient on 1) successful program
activity, 2) eccnomical energy systems, 3) successful
commercial ventures, or 4) experience gained.

- In early 1982, at the request of AID's Assistant Administrator
for Africa, the Bureau for Africa began an effort to determine what
had been learned about the prospects for extensive use of:particular
renewable energy technologies in Africa from the projects undertaken
by AID's African missions. Although many AID-financed projects were
in the research and development stage, with significant dissemina-
tion and consequent impact well in the future, it was nevertheless
hoped that certain lessons could be learned that would improve the
design and implementation of energy activities elsewhere. Conse-
quently a multi-disciplinary assessment team was engaged for the
purpose of examining renewable energy projects and activities in
seven African countries.
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2.0 SCope of the Assessment

The field assessment did not address all of the issues identi-
fied above, but instead was limited mainly to an investigation of
the performance and cost-effectiveness of renewable energy systems
and technologies and the social and economic acceptability of
technologies and systems to meet end-user needs. The scope of work
for the assessment team was therefore narrowed to address the
following five questionms: -

o What has been the observed technical performance of
renewable energy systems?

0 What problems have emerged with social acceptance, °
Institutional compatability and delivery~systems?

() How have renewable energy systems pefformed‘in'ptovidihéfﬁﬂ
energy for agricultural, domestic and small-scale .~ .~ =
industrial use? o -

) What is being done to monitor, evaluate, and 1eatn4ffoﬁﬁ*ffﬂ
renewable energy activities? o ol el P

® . What poténtial do renewable energy systems have for meéting
African energy needs in the next 10-15 years? B

The findings and recommendations which emerged from the assess-
ment reflect this emphasis on technology transfer questions. Policy
reform, institutional development, and many private sector issues
were outside the scope of the assessment, .

The evaluation teams -visited projects in late 1982 in Botswana,
Kenya, Lesotho, Mali, Rwanda, Senegal and Upper Volta. They
observed 242 installations (half of which were woodstoves) at 75
project sites, using 15 renewable energy technologies. They used a
methodological approach designed to permit them to compare different
technologies applied to the same and different end-uses.

3.0 Limitations

The results of this study are based on observation of a limited
number of installed systems in Africa. They do not pretend to be
definitive. Renewable energy systems are inherently site-specific
in their performance, and their local acceptance is
culture-specific. Nevertheless, significaat patterns have emerged
in the field assessment which may be instructive in orienting future
energy activities.

Some preliminary observations on the current and potential
contribution of renewable energy systems toward solving these
problems are provided below.
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4.0 Findings and Conclusions

Findings and conclusions are presented in five sections.
Section 4.1 describes observations relating to the four problem
areas previously outlined. Section 4.2 responds to the specific
evaluation questions addressed by this assessment. Section 4.3
presents findings for agricultural applications. Section 4.4 .
discusses non-agricultural applications. The findings concerning
the role of the private sector are found in Section 4.5, '

4.1 General Findings

4.1.1 Reducing Petroleunm Import Dependency

The use of solar water heaters in urban areas, and.
perhaps the eventual use of photovoltaic and wind-electric systems
could make modest contributions to reducing demand for oil-fired
electrical power generation. Widespread economical production of
biomass as a substitute for petroleum fuels is unlikely. Photovol- -
taic and wind systems can provide cost-effective substitutes for
diesel pumping systems where petroleum fuels are either expensive or
unavailable. However, larger petroleum savings will probably be
realized through improvements in energy efficiency and energ
management, particularly in transportation, the commercial/indus-
trial sector, and the electric power sector.

4.1.2 Reducing Biomass Depletion

The biomass depletion problem is complex, and may
best be addressed through strategies not examined in this assessment
such as: 1) agroforestry progrims for small farmers, and 2) the use
of effective tax, regulatory and enforcement programs to govern land
clearing for agriculture, and fuelwood/charcoal production and
marketing practices. '

The contribution of improved woodstoves to slowing
rates of biomass depletion may be more limited than originally
thought. Stationary sand and clay stoves rely on the use cf
extension programs for dissemination. Given the inefficiencies of
current government extension programs (e.g. constraints on staff and
transportation), this process could take decades to reach large
numbers of people in Africa. Improved portable stoves appear to
have greater likelihood of spreading rapidly by introducing them
into existing markets for traditional portable stoves. They also
appear to demonstrate more uniform and higher energy efficiencies
than massive sand and clay stoves. Improved charcoal production
methods including improved traditional kilning or use of beehive
brick kilns could be of measurable benefit in several African
countries. Other approaches not examined may hold promise such as
the direct use, briquetting, or production of charcoal from other
biomass materials (e.g., papyrus, coffee husk, peanut shells).

Field demonstrations of biogas systems for produc-
tion of cooking fuels have generally been unsuccessful in Africa for
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one or more of the following reasons: high system first-costs, .~
limited animal confinement in Africa, limited water supplies, lack '
of methane gas-using appliances, insufficient training in operation

and maintenance, and taboos against the handling of human and liquid
animal wastes. i

4.1.3 1Increasing Agricultural Productivity and Im roving
Quality of Life Tor Low-Income Rural and Urban Fopufat{ons i

Increasing Agricultural Productivity

The potential contribution of renewable energy -
systems to increasing agricultural productivity is limited since
roughly 70 percent of all farming in Africa is done by hand on small
holdings and the costs of most renewable energy systems are prohi-
bitive. The systems which appear to be most needed are those which
are both affordable and which raise the level of current agricul-
tural productivity by making more effective use of human energy,
animal motive power, and petroleum fuels. Photovoltaics, wind,
hydropower (and perhaps biomass fuel systems) have a potential role
to play in water-lifting and grain grinding (where animal power or
diesel fuels are either unavailable or not economically -
competitive). Photovoltaics, hydropower, and to a lesser extent
wind or biomass fuels may also provide economical alternatives for
producing electrical power in remote settings.

—

Improving Quality of Life

o Renewable energy systems can provide some
improve~ ment to the quality of life of low-income rural and urban
populations. A major need throughout Africa is to reduce the time
and effort required to obtain domestic water for people and

animals. Photovoltaics, wind systems (and perhaps biomass fueled
systems) may be important in situations where water demand is high,
and the source is too deep for use of handpumps or footpumps; where
system size and demand are well-matched; and where diesel fueled
systems or animal motive power is either unavailable or not competi-
tive. Experience with wind systems in Africa has been generally
poor for one or more of the following reasons:

- wind regime amd groundwater data have not been collected
systematically at potential sites;

"f‘/- - 1improper design or sizing of systems‘Eq¥meet:usef]g;;;
o requirements; and RS Lty

fe basic infrastructure for the maintenance éhd répaif‘of
equipment has been lacking.

The result has been a extensive history of system
abandonments in Africa. Current water pumping windmill activities
are centered on improving the long-term performance of various
windmill designs, and on improving host-country servicing capability.
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~ Other potentially economic renewable energy
}1“%this category include: s

«"sﬁbstitution of photovoltaic systems for eméfgency
~electrical power generation, medical vaccine storage,
communication and lighting in remote health centers;

ff§_4‘ incorporation of economic passive solar heating and

~cooling designs into low-cost housing projects; and

}fo’ methane gas production in conjunction with urban

sewage treatment/sanitation programs.

Response to the Assessment's Five Questions

Question 1: What has been the observed techﬁiﬁél?ﬁéf;g“3
formance of renewable energy systems currently installed in
selected AID supported African countries? Lo

Many of the renewable energy systems being field-tested in
the countries visited have been shown to be both
technically reliable and cost-effective in a number of
applications. These include photovoltaic arrays,
factory-~built windmills, low-cost efficient portable or
chimneyless stoves, and small decentralized hydroelectric
units. Other systems, such as low-cost wind water pumps
and efficient metal stoves are currently undergoing adapta-
tion to increace reliability, durability, and consumer
acceptance. More technical data on field performance for
these systems should be available within two years.

However, available data now indicate that while several
renewable energy technologies (RET's) perform well tech-
nically, overall system cost-effectiveness and social
acceptability limits the number of renewable energy
technology options for consideration as candidates for
widespread application in Africa. Some technologies, such
as anaerobic digesters and solar thermal pumps, have
encountered serlous operational and maintenance problems,
and may be appropriate only under particularly favorable
conditions.

Question 2: What problems have been observed for

renewable energy systems installed in the field in Africa,
in terms of soclal acceptance, institutional compatibility,
and required technology delivery systems?

Renewable energy technologies and systems under development
may not address end-user priority needs. For example,
renewable energy systems do not appear to be able to
provide low-cost and economical energy alternatives to
reduce labor constraints during soil preparation or to
provide low-cost intermediate equipment for rural

Cransportation-- requirements which in the more immediate
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 fﬁﬁﬁfé‘may bést}be met through widespread introduction of
~tools, equipment and systems which make more effective use
of human energy, animal motive power or fossil fuel energy.

The identification and promotion of these kinds of energy
systems deserve greater attention. Considering the impor-
tance of making optimal use of scarce host country and
donor resources it is important to examine the degree to
which emphasis on renewable energy systems may have been at
the expense of efforts to make more effective use of other
sources of energy available to rural populations. However,
such an examination was not possible within the scope of
the field assessment.

A number of renewable energy systems are just now entering
field dissemination, having undergone laboratory testing
and adaptation during the past three years. Data on field -
acceptance are therefore limited. -

Non-governmental organizations have frequently been the
most successful at demonstrating the technical feasibility
of various systems, although in general they have not been
concerned with overall system cost-effectiveness and
economic performance.

The question of cast and affordability to consumers has
only recently begun to be addressed by many AID and non-AID
funded projects.

The field teams also determined that the widespread appli-
cation of many renewable energy technologies in Africa is
hampered by the lack of local repair facilities, supplies,
spare parts, and trained operation and maintenance
personnel. In part, this is due to insufficient develop-
ment of private sector equipment production and/or
servicing to serve the rural economy, lack of foreign
exchange to purchase spare parts, and limited manpower
resources and operating budgets of local counterpart
agencies given responsibility for systems after they have
been installed. Training of operation and repair staff has
been neglected in many projects, as has the provision of
spare parts and routine maintenance items.

Question 3: What has been the comparative performance of
alternative renewable energy systems in providing usable
cost-effective energy for specific African end-use
applications in the areas of agricultural production,
domestic consumption, agricultural processing and food
preservation, and small-scale commercial and industria

operations? '

The data being collected on economic feasibility and
performance for most renewable energy systems has been"
spotty at best. Most attention thus far has focused on
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technical performance and local adaption. Most renewable
energy systems are highly capital intensive and will remain
so at least over the near term. Even for the lowest cost .
systems (chimneyless stoves, site-built water pumping
windmills) the first to adopt renewable energy technologies-
will probably be relatively affluent rural and urban
dwellers, medium to large-scale entrepreneurs and social
service organizations rather than lower income populations.

Commercial channels are being developed for certain renewable
energy systems, notably photovoltaic arrays and wind powered water
pumps, but these are largely serving the needs of foreign assistance
or social service organizations rather than private sector demand.
Thus far, not enough attention has been paid to providing assistance
which leads to private sector local production and/or marketing of
renewable energy systems or to the development of credit systems and
financial incentives. . ‘ '

Question 4: What mechanisms currently exist within
ongoing AID and non-~AID African development projects that
allow for accurate monitoring of installed renewable energy
systems and modifications of technologies or project
elements to take advantage of lessons learned from
technology monitoring?

Little sharing of -lessons learned from field-testing has
occurred among projects and donors, even in the same
country. Information being collected from technology
monitoring is often not available to other practitioners
addressing similar problems. Little financial .data or
market acceptance information has been collected in
conjunction with renewable energy field demonstrations at
the sites visited.

Those energy laboratories and prototype development
‘workshops making the most progress in technology
development, also appear to have carried on the most
extensive monitoring and evaluation of technology
performance.

Laboratories which have good working relationships with
field-oriented organizations have had the highest
percentage of successful demonstrations.

Most projects used only ad hoc financial/economic
information assessments, not formal financial or market
evaluations, in making decisions about technologies.

Question 5: What is the potential of renewable energy
systems now installed in Africa to provide significant
portions of the energy consumption projected for the
countries examined and the whole sub-Saharan region by 1990
- 19957

In order to answer this question with any assurance it
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~would be necessary to have data on: (1) local energy . . -
resources, (2) current energy use patterns, (3) need.for
' services renewable energy systems can provide, (4) P
potential impact on critical fuels (firewood, diesel fuel),
. (5) potential impact on natiunal development objectives, -
"and (6) potential contributicn to national energy .
supplies. During the short period of this study,
assessment teams collected readily available national
energy information, but in-depth analysis was not possible.:-

In many countries reliable data on oil import cost trends,
biomass depletion rates and indigenous energy resource
potential were not available, pointing to the need for
national energy supply and demand data gathering and
analysis as the first step toward having accurate
information for energy policy analysis, planning and
management. o

In the near term, renewable energy systems appear to have
only a modest capacity for meeting energy requirements in
the African countries visited. This is particularly true
for a number of the energy-intensive agricultural '
applications: cultivation, plowing, farm-to-market
Cransportation, and large-scale water pumping. However,
renewable energy systems do appear to have potential to
supplement or replace stand-alone fossil fuel systems in
the delivery of rural services (health, communications,
education, etc.). Renewable energy systems also may have a .
role to play in moderating the use of biomass fuels),
thereby lowering the rate of deforestation of rural areas.
This will largely depend on the development and widespread
dissemination of low-cost, durable wood and charcoal cook
stoves, and charcoal kilns. T

4.3 Findings on Agricultural Applicationsvtv'

Assessment teams examined the current and potential roles
of renewable energy systems in both agricultural production and the
subsequent processing and preservation of. produce. Detailed find-
ings for several key agricultural end uses are presented in Section -
4.3 of the report and in Appendix B. . In brief the teams found:

-- _ Renewable energy systems have been experimentally applied
to a wide variety of agricultural production and processing
steps-—irrigation, watering livestock; drying grains and fruits,
processing organic fertilizer, and for grinding grain and other
foodstuffs. o -

-- 'Wind and photovoltaic systems have performed well in
pumping water for human and livestock consumption, as well as/ -
small;scale irrigation of high-value plants (vegetables and cash.
crops). L A ’ ST
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few near-term‘applicationsjforﬁsgygrglﬁbfgagricplturéEs ma jor »
energy-consuming sectors--farm-to-market transportation, plowing and.
cultivation, el e T T T . e

4.4 Findings on th4Agfiéﬁ1tural>Applicatitha

o - Non-agricultural applications account for the bulk of - = -
~current energy use in all the countries visited and will continue to
do so for the foreseeable future. Cooking alone accounts for 90
percent or more of total energy consumption in many African v
countries. Other domestic applications--lighting and water heating,
in particular--consume small amounts of the total, but are important
because they use fossil fuels or electricity directly. They also
afford opportunities for early, cost-effectlve renewable energy
system applications. Detailed findings on non-agricultural
applications are described in Sec. 4.4 of this report and in
Appendix B. )

4.5 The Role of the Private Sector

Two important issues arose in considering the potential role
of the private sector in establishing renewable energy systems --
economic viability and financing. As indicated in the discussion on
project monitoring and evaluation, these aspects were clearly the
weakest part of monitoring and evaluation efforts. However, without
some indication of profitability for a specific system, it will be
impossible, in most cases, to increase private-sector participation
in that technology. 'Clearly, demonstrating profitability will
enhance the likelihood of private-sector .participation, and proven
economic viability is a prerequisite.

In the countries visited, other serious gaps included a) the
absence of incentives and policies which would foster indigenous
private sector manufacturing, marketing or maintenance capability,
and b) a lack of individuals with small enterprise development
expertise. ‘

. The majority of donor projects have been aimed at demon-
strating technologies with minimal emphasis on commercialization.
For those technologies which have demonstrated economic viability
~and social acceptance, assistance in small enterprise development
and marketing could be of significant benefit.

-‘5.0 Issues and Recommendations

Issue: Energy technologies and systems appear to be inadequately
matched to national energy requirements and end-user needs.

Discussion: Given limited development resources, AID support for
energy technologies and systems development, application and
dissemination should be directed at meeting Africa's priority
energy-related problenms.
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Recommendation 1: The Bureau for Afrtca’s reﬁéwébieyenéfgyf:
activities should be focused to better address . the following
priority energy-related problems: B S R

- dependence on high-cost‘petroleum_iﬁﬁbfts;f"fHQ W
- rapid rates of biomass depletion/natgral;reSOgt¢g5

degradation; co e T L R T v
- low agricultural productivity and insufficient improvement:

in the quality of life for low income rural and urban

populations. . : ‘ -

Recommendation 2: The Bureau for Africa and Missions should support
design, field-testing and marketing/dissemination of energy systems
which best address priority energy-related problems, e.g. where ,
applicable, more effective use of human energy, animal motive power,
fossil fuels, or renewable energy. -

Recommendation 3: 1In the design of agriculture, rural/urban
development, irrigation, water development, health, housing,
transportation and energy projects, Missions should consider using
REDSOs, Energy Initiatives for Africa field specialists in Abidjan
and Nairobi, or Science and Techhology Bureau (ST/EY) services to
assist in evaluating and selecting cost-effective and appropriate
energy systems to reduce project ‘operating expenses and recurrent
costs. .

Recommendation 4: The Bureau and Missions should reduce support for
renewable energy systems which show only limited potential for
solving priority energy-related problems, e.g. family scale biogas
digesters, solar cookers, small solar dryers. Support should be
continued for development and marketing/ dissemination of economic
renewible energy systems for water-pumping and lifting,
grain-grinding, fuelwood conservation, water heating, remote
electrical power generation, battery charging, lighting and medical
refrigeration. .

Issue: Insufficient informatioun exists on the performance and.
cost-effectiveness of systems and technologies.

Discussion: Field observations in African countries have demon-
strated the inherent difficulty of trying to establish accurate
performance monitoring and cost/benefit analysis programs in
locations with scarce trained human resources. The following
generalizations emerged from the assessment: :

1) Very few technologies were actually being effectively
monitored in the field.

- 2) In general, methodologies used for monitoring specific -
technologies are not uniform among projects, making it difficult to
share experience and results. : ,
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3) To determine equipment and system economic effectiveness
requires reasonably accurate information on initial manufacturing
and purchase costs, product or system lifetime, and associated
repalr and maintenance costs. Estimates of maintenance requirements.
and system life can be obtained either through user field surveys or
by conducting accelerated use tests under controlled conditions. 1In
general, this type of information is not being gathered in a R
systematic manner from actual users in the field, nor has attention -
been paid to the value of performing durability tests on newly . -
introduced equipment or systems. '

User assessments of durability and performance, and results
from independent controlled testing, can provide reasonably reliable
estimates of system lifetime and costs. Information of this kind 1is
can help a) improve the quality of equipment and systems procured
for development programs, b) stimulate private sector marketing and
manufacture of quality products, c) improve buyer and user
confidence, and d) increase consumer demand.

Field monitoring and evaluation requires a commitment of human
and financial resources that was not observed at most of the sites
visited in Africa, perhaps because the difficulties in providing
useful performance and cost-benefit information were not fully
anticipated. The experience gained from current efforts should
prove useful in more accurately estimating the full human resource
requirements and financial costs for future field monitoring of
those technologies which appear_to have potential for meeting
priority agriculture and rural/urban needs.

Recommendation 5: Where appropriate, Missions and S&T/EY should
support surveys of user experience with systems, equipment and tools
under field conditions in order to estimate maintenance costs and
durability for systems and technologies which most closely match
end-use priorities in African countries. :

Recommendation 6: AID should encourage independent system testing
programs that are self-financed (e.g. through equipment
certification fees), for systems, equipment and tools which mos
closely match end-use priorities in African countries. a

Recommendation 7: S&T/EY and the Bureau for Africa should support
development of uniform methodologies for determining technical and
economic performance of the systems identified above so that results
can be easily interpreted and shared among researchers and potential
users in different countries. Where appropriate, S&T/EY and
Missions should support efforts to strengthen existing institutions
with experience in performing comparative technical and economic
performance tests. :

Recommendation 8: Mission and S&T/EY support for the development
and difrusion of renewable or appropriate energy systems should
re-emphasize determining economic performance and user acceptance of
systems prior to promoting their marketing/dissemination. :
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Recommendation 9: Using REDSO, Energy Initiatives for Africa and
S&T/EY services, Missions should ensure in project design that
adequate resources are provided to allow field project management - to
keep track of recurrent costs, operation and maintenance expendi-
tures and system outputs so that benefits and costs can be
calculated and the cost-effectiveness of installed systems compared
with alternatives. Similarly, Missions should ensure that these
costs and outputs are actually being recorded during project
implementation.

Issue: Information on the social and economic acceptability of
technologies and systems to meet end user needs is frequently
limited.

Discussion: Once technical and economic performance has been
reasonably established for energy systems, field-testing or
test-marketing should be performed to determine potential
acceptability and user demand. Agriculture and rural energy needs .
assessments of small representative sample populations are useful
for determining initial energy system needs and demands.
Unfortunately, statistical sampling techniques normally applied in
test marketing of products have not been a part of most efforts to
date to determine the acceptability of proposed energy systems at
the local level.

Recommendation 10: The Bureau for Africa, Missions and S&T/EY
should promote the incorporation of statistical sampling techniques
into sociological observations,. rural energy assessments and market-
surveys for energy systems designed to meet priority energy-related
needs, including renewable energy systems, in order to more effec-
tively determine the existing and potential demand for these systems.

Recommendation 1l: For projects in the field, Missions should seek
REDSO, Energy Initiatives for Africa, and ST&EY assistance to ensure
the design and implementation of systematic programs for collecting
information about the social acceptability, financial setting
(including credit institutions), and marketing environment.

Issue: Exchange of useful information among projects and countries
is insufficient on: 1) successful program activity, 2) economical
energy systems, 3) successiul commercial ventures, or 4) experience

gained.

Discussion: A number of organizations are engaged in exchanging
information on potential solutions to energy-related problems, but ~
more systematic and analytical approach is needed. The lack of
effective exchange of useful information is a major problem which
deserves immediate attention.

Recommendation 12: The Bureau for Africa should analyze, and
subsequently recommend and implement, system(s) to improve the
manner Ln which AID, AID contractors and other organizations gather,
coordinate, and deliver information on successful activities,
lessons learned, and economic energy systems, including renewable
energy systems.

\
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Issue: The marketing/dissemination of systems and equipment for
rural development, includling renewable energy is currently ‘

inetftective.

Discussion: AID renewable energy activity has been directed
primarily toward design and adaptation of equipment and dissemi-
nation through extension programs with limited attention to
systematic test marketing, use of advertising (e.g. newspapers,
radio) and small enterprise development. Most AID supported
projects have heen directed by engineers or appropriate technology
specialists who have lacked small business and marketing expertise.
These projects also have tended tc overlook possibilities for
supporting private sector marketing of cummercially available
equipment from other LDC countries and the U.S., and the advantages
gf developing and marketing energy systems to end users who pay for
uel. .

Recommendation 13: Missions should draw upon REDSO, Energy
Initiatives for Africa and S&T/EY services to increase project
emphasis on private sector development within renewable energy and
agricultural/rural deveiopment projects and on the marketing of
proven, cost-effective, and commercially available equipment from
other LDC countries and the U.S.

Issue: Production, maintenance and repair capability for equipment
and systems is limited throughout much of Africa.

Discussion: A major constraint to wider use of cost-effective
energy systems and equipment, including renewable energy systems, it
the minimal repzir and maintenance infrastructure existing through-
out much of Africa, including low levels of trained manpower in .
equipment maintenance, vepair and operation. Increased emphasis 1is
therefore needed on vocational-technicai training within most
African countries. Also, high durability and low maintenance
requirements are important factors in design and commercialization
of energy systems in Africa. '

Recommendation 14: S&T/EY and the Bureau for Africa should promote
commercialization of renewable energy systems with proven high
durability, low maintenance requirements and competitive economic

performance.

Recommendation 15: Missions should draw upon REDSO, Energy
Initiatives for Africa and S&T/EY services to design and assist in
carrying out training needs assessments. In future project design,
where appropriate, the Bureau for Africa should support
vocational-technical training facilities and the training of
vocational-technical instructors in the operation, maintenance and
repair of renewable energy systems. SR




Renewable Energy Technologies in Africa
- An Assessment of Field Experience
and Future Directions



A Note on the Report's Organization and Method

This report is intended to assist senior AID management in
examining progress to date with renewable energy technologies in
Africa and in defining future activity. It provides a brief
discussion of the issues identified by the £ield team, the
relationship of these issues to the sccpe of work for the team
assessment, and the limitations of the analysis. General findings
and the findings and conclusions which correspond to the five
questions used to guide the assessment, are distilled from data on-
specific technologies and their applications contained in Appendix B,

The report also presents broad findings on agricultural and
non-agricultural applications, and private sector prospects. The
report ends with reccmmendations for action which should be taken to
follow up on the findings from the assessment. Appendix B contains
detailed findings on (1) specific technologies (photovoltaics, wind
turbines, etc.); (2) the applications of these technologies to
particular end-use applications (pumping, food preservation,
cooking, etc.); and (3) speecific findings on the role of monitoring
and evaluation in African projects using renewable energy systcus.

The methodology used in this assessment was comparative in
nature. The data collection and analysis techniques employed "
included: B

a. examining the effectiveness of specific energy systems for
particular end-uses under differing conditions (i.e., in
different countries, institutional and economic contexts);

b. evaluating the relative merit of different energy systems

' for a given end-use, both within a specific country and
across countries; and

Ce. comparing the utility of particular energy systems applied
to various end-uses, both within and across countries.

Incorporating these types of comparisons into the assessment
design constitutes a different approach to AID evaluation practice,
in contrast to efforts where a number of individual project
evaluations, performed using different methodologies, are.reviewed
In an attempt to eriract comparable information. (It should be
noted that AID has been developing the basis £otr comparative
evaluations in some other programmatic areas e.g., the draft
guidance on evaluating cooperatives and in several other topical
fields.) The actual methodology used is described in Appendix D.



1.0

'Introductigg

A decade 2go energy was seen as a relatively ihexpensivéytnput

that, coupled with rapidly evolving agricultural research and

advances in rural health practices, would transform the developing

world. Fossil fuels were readily available and had been growing

nr gressively cheaper in real terms since the early 1960s. Ten years

later the lack of reliable, affordable energy appeared to be one of

the primary constraints on sustained economic and social development'

in the Third World. In Africa, the demand for energy has contri-

buted to deforestation, balance of payment problems for many

national governments, arrested development in agricultural produc-

tion and energy-intensive sectors, and increased domestic loads on

rural,womeﬁ'and children. Most African nations have one or more_bf

theAfdllowing ma jor energy related problems:

Dependence on high cost petroleum imports with major impact

on balance of payments and foreign exchange earnings;

Rapid rates of biomass depletion/natural resource

/
degradation primarily associated with agricultural clearing

and use of biomass to meet cooking fuel needs;

Low agricultural productivity and insufficient improvement

in the quality of life for low-income rural and urban

populations due in part to the absence of tools, 'equipment

and systems which could make more effective use of energy,
including human energy, animal motive power, fossil fuels,
and to a more iimited extent, wind, solar, hydropower, and

biomass fuels.
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The energy program of AID's Bureau for Africa was formulated i

‘fgynproblemsﬁwhich emergedb.
in the mid-l9705, AID's Bureau for Africa initiated in 1977 a

In response to the multi faceted;

effort ‘to test new, sustainable energy sources - and technologies as;r
part of an agency-wide program. Because of Africa's heavy reliance

on traditional energy sources such as fuelwood dung and

agricultural residues, strategies dnd projects to test andr e
demonstrate renewable energy technologies (RETs) were designed to
assist the poor, primarily in rural areas.', l“ | , _
During the four years from FY 1978 to 1982 AID funding for
energy activities (including fﬂelwood projects) in Africa rose from

$6 million to $30 million to finance 24 renewable energy projects in

15 countries and 15 fuelwood and forestry rojects in 12 countries.

The renewable energy projects were aimed'mainly at learning about

the future potcntial of a number of technologiesm(many still in the

prototype or development stages) " The economic‘viability of

technologies tested was usually unknown, and ques__ons concerning
preliability, durability and local acceptability were only.a 1ittle

fbetter understood.( Thus, many projects were of a pilot oryyg;,;,

‘jexpirimental nature-fto test and adapt renewable energy techno-n'

‘logies'_wokset uprlocal institutions that would participate in the
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' ment, adaptation, fieliltesting and dissemination of,fw

ystems'ﬁand%to collect baseline data‘;"

ﬂ? mall energy s

local energy consumption patternsdand resource availability.;{f%f?

of the systems examined were designed for small— cale domestic'and

*vaccine‘refrieeration, and lighting for schools and

following have been particularly notable, fﬁ

1. In many African countries insufficient information ;xists

on:-

training and technical assistance needs.

‘éll;"tnehoerformance"andfcostéeffectiveneSSfof7reneﬁable

energy systems and technologies; and




the social and .-iQ”cceptability of technologies

and systems;t meet~end-user needs.

V””iienewable energy tetnnologies, systems and related profes-a

isional andwtechnical training appear to be inadequately

Qmatched#to national energy requirements and end-user needs.

g‘ﬁ}?ffThe marketing/dissemination of renewable energy systems and
| ’fequipment for agricultural and rural development is

currently ineffective.

““commercial ventures, ) lex rience gained.
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In early 1982, at the request of AID's Assistant Administrator
for Africa, the Bureau for Africa began an effort to determine what
had been learned abouF the prospects for extensive use of particular
‘renewable energy technologies in Africa from the projects undertaken
by AID's_African missions. Although many AID-financed projects were
in the.feéearch and development stage, with significant dissemina-
tionkénd consequent impact well in the future, it was nevertheless‘
hoped that certain lessons could be learned that would improve the
design and implementation of energy activities elsewhere. Conse-
quently a multi-disciplinary assessment team was engaged for the
purpose of examining renewable energy projects and activities in

seven African countries.

2.0 Scope of the Assessment

The field assessment did not address all of the issues identi-
fied above, but instead was limited mainly to an investigation of

the performance and cost-effectiveness of renewable energy systems

and technologies and the social and economic acceptability of

technologies and systems to meet end-user needs. The scope of work

for the assessment team was therefore narrowed to address the
following five questions:
o What has been the observed technical performance of
renewable energy systems?
o What problems have emerged with sdéial acceptance,

institutional compatability and delivery systems?



| dsid~How have renewable energy systems performed in providing
’J";fenergy for agricultural domestic and small—scale fg:y) |
’industrial use? "1l
,i ‘What is being done to monitor, evaluate, and learn from ;
| _renewable energy activities’ .
= What potential do renewable energy systems have for meeting

EAfrican energy needs in the next 10-15 years?

"he”findings and recommendations which emerged from the ‘assess—

men,,reflect this emphasis on technology transfer;questions,. Policy

reform, institutional development, and many privatefsector'issues

were outside the scope of the assessment.

The evaluation teams visited projects in late 1982 “nvlotsmana,

Kenya, Lesotho, Mali, Rwanda, Senegal and Upper Volta.‘“Theywkw”
observed 242 installations (half of which were woodstoves) at 75
project sites, using 15 renewable energy technologies. They used a

pproach designed to permit them to compare different

technologies applied?to the same and different end-uses.

3.0 Limitations

The results of this stsdﬁdare based on observations ffa;limited

number of technologies installed in Africa*' ot pretend to

be definitive. Certain factors limit the extentj o which'

generalizations can be made:
a. Projects visited were limited to those concerned?mrgﬁﬂf

selected renewable energy technologies.
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scattered locations.

¢.  The brevity of field t-=ams' ViSitS*(usuall'“Z}weeks)
limited their ability to carry*f’”' L e

- searches for all relevant projectvinformation,

flﬁdf:,xThe variety of resources ‘and circumstan es in individual

ITAfrican nations will undoubtedly ma‘e for excep ions,and _

s | local variations in the general conclusions ‘
Despite these limitations, patterns emerge inithe findings‘which
may be instructive in. orienting future energy ctivitie' ‘
cases, they simply confirm what hasualreadylb 1
previous examinations of projects - in others,fthey(suggest paths

to follow or shifts of emphasis in energy projects and programs, and

in the manner in which they should be evaluated.

4.0 Findings and Conclusions

Findings and conclusions are préééﬁe&d'“n

Section 4.1 describes observations relati‘g )
areas previously outlined. Section 4.2 responds to1th‘_wr

evaluation questions addressed by this assessment.d Section 4 3
presents findings for agricultural applications.;,kif” :

discusses non-agricultural applications.} The findingsgconcerning

the role of the private sector are found in section 4 5 ?

4.1 General Findings

4.1.1 Reducing Petroleunm Import Dependency

The use of solar water heaters in urban areas, and perhaps the

eventual use of photovoltaic and wind-electric systems could reduce



are either expensive or unavailable.‘ However, 1arger pe T

4 l 2 Reducing Biomass Depletion j_= p
The biomass depletion problem is complex,»an” '

addressed through strategies not examined i:

5' 1) agroforestry programs”for small fa mers, and 2) the use;of;

effective tax, regulatorh”and enforcement programs to govern landf;

clearinggforvagriculture

and fuelwood/charcopl productio')fgiﬁ

marketing,practi es. 4 |
: '},“ b"f‘ %‘1‘ f_improved woodstoves to slowing rates of-r
biomass depletion maygbe more limited than originally thought.;,"

Stationary sand an clay stoves rely on the use of extension

programs for dissemination 1¥Given the inefficiencies of current

government extension programs*(e 8. constraints on stafc and3

transportation), thiﬁfproces ould take decades to reach large

numbers of people?:‘fngm Improved portable stoves appear to'

have greater likelihood of ’preading rapidly by introducing them :

into existing markets for traditional portable stoves. ”s
appear to demonstrate more uniform and higher energy efficiencies

than massive sand and clay stoves. Improved charcoal production -

methods including improved traditional kilning or use of beehive



the following reasons'7 high system first-costs,‘limitedfanima
conflnement in Africa, limited water supplies, lack of methane~
gas—using appliances, insufficient training in operation}andf
maintenance, and taboos against the handling of human and qt
animal wastes.i | o

4 l 3 Increasing Agricultural Productivity and Improving the

Quality of Life for Low-Income" Rural and Urban Populationsf“ ﬁf R
i i Increasing Agricultural Productivity SR

‘ J‘ij} The potential contribution of renewable energy systems

to increasing agricultural productivity is limited since roughly 70

fﬂall farming in Aftica is done byah

holdings nd the costs of most renewable energy ystemscare

prohibitive. TThe systems which appear to:be‘most neede‘vare those

wnichware both affordable and which raise:the le,el £ u e

agricultural productivity by making more effective use,of _um

energy, animal/ motive power,}and petroleum fuels.; Photovoltaics,

or diesel fuels are either unavailablevor’not)economically

competitive) Photo- voltaics, hydropower, and to a lesser extent

wind or biomass fuels may also provide economical alternatives for

producing electrical power in remote settings.
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kfImproving Quality of Lifef

;ewable energy systems can proﬂideﬁﬂu_

> improvement

be important in situations where water demand is high,randqtheyl
source is too deep for use of handpumps or footpumps, where system
size and demand are well-matched, and where diesel fueled systems or
animal motive power is either unavailable or not competitive. o :
Experience with wind systems in Africa has been generally poor,

primarily because wind regime data have not been collected

systematically at potential sites and basic,infrastructure}for:the

maintenance and repair of equipment has been lacking.vaigh priority
needs for food health care, housing and clothing may outweigh other
potential contributions from renewable energy. systems such as -

passive solar heating or cooling, lighting or medical refrigeration.



4.2 Response to the Assessment's Five Questions

QUESTION 1: WHAT HAS BEEN THE OBSERVED TECHNICAL PERFORMANCE

OF RENEWABLE ENERGY SYSTEMS CURRENTLY INSTALLED IN SELECTED AID
SUPPORTED AFRICAN COUNTRIES? |

Q,H‘IA number of renewable energy technologies function‘well

technically under field conditions in Africa.

Many of the renewable energy systems being adapted and field-
.ytested in the seven countries visited irave shown considerable
:technical reliability, durability and physical output levels. Solar
thermal pumps and anaerobic digesters are. notable exceptions == both
have serious and continual_operational and maintenance problems.
Users of certain technologies, such as’ low—cost efficient chimney-

less stoves, factory-produced windmills and PV rrays, have accepted

them primarily because of their ease of Operat n}and reliability

High‘first costs (e.g., photovoltaic ar:ay"*' windmills) or weak

dissemination (eg., woodstoves) have limited~thei";use so far.

Other systems, such as low-cost, wind water pumps and efficient
hcharcoal stoves are undergoing adaptation to increase reliability,

;ffdurability and consumer acceptance. More ‘technical data on field

?lfperformance for these systems should be available within two years.

iffFor details see:

B -12, B-21, B 26, and B-37 (Reliability of Renewable Energy

‘stsTechnolovies)7

%ffB 18 u3‘23, B;T6, and;B-37g(Cost Effectiveness) |

7”"sf?(Findings_;n”TechnologiES)
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”-?3 ‘Available data now indicate that while several renewable

energy technologies perform well technically, overall

system cost-effectiveness and social acceptability limit

the number of renewable energy system options heretofore

considered candidates for widespread application in Africa.

-In an effort to address biomass depletion and lack of low-cost
energy for basic, productive household and village activities - a

large number of technological alternatives have been tested over the;

past five years.; For different reasons, several appea1 to have veryi
limited applicability in most African settings, despite significan '

investments of time and effort by a number of research and e

development organizations._ The incl'deifamily-scale,biofgasui

digesters, solar dryers, solar cookersmand solar thermal power

generatOrs.

}pg;r“Non-governmental organizations have been the most

dsuccessful at demonstrating the technizcal feasibility of

various systems.

This statement holds true for all seven countries' however,;v

non—governmental organizations,,in general have not beebmconcerned

with overall system cost-effectiveness.
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QUESTION 2: WHAT PROBLEMS HAVE BEEN OBSERVED FOR RENEWABLE

ENERGY SYSTEMS INSTALLED IN THE FIELD IN AFRICA, IN TERMS OF SOCIAL
ACCEPTANCE, INSTITUTIONAL COMPATIBILITY, AND REQUIRED TECHNOLOGY
DELIVERY SYSTEMS?

e  Technologies and systems in many cases do not match

end-user priority needs with cost-effective alternatives. .

Renewable energy technologies and systems under development may
not address end-user priority needs. For example, renewable energy
systems do not appear to be able to provide low-cost and economical
energy alternatives to either soil preparation and cultivation or
rural transportation - requirements which in the more immediate

future may best be met through widespread introduction'of tools,‘

equipment and systems which make more effective use'of :umanqpnergy,

animal motive power or fossil fuel energy. |
This issue needs to be explored more carefully;fsinoewit was not

within the scope of the evaluation. Another issue deserving |

examination is the degree to which the emphasis on renewablevenergy

'"3more economical

systems may have been at the exp‘f

resoﬁrcess
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‘@ Many renewable energy technologies thought to be

potentially important contributors to rural developmen,,aﬂt

Africa are still at the laboratory prototype or-

field-testing stage.

A number of renewable energy systems are just now entering field
dissemination, having undergone laboratory testing and adaptation
during the past three years.: Data on field acceptance are therefore

limited.f Non-governmental organizations have - frequently been ‘the

most ":ccessful at demonstrating the technical feasibility of

with overall system cost-effectiveness

'nd eco‘omic performance.

The question of cost and affordability t_p00nsumers has onllilf’
recently begun. to be addressed bY many AID and non-AID fundedd

projects. - fs7]~[fguﬁfflf{;};

Widespread dissemi ationwo‘

renewsble energy*technologies wil]

require accurate assessment'ofﬁfield performance and cost, careful

) d-uses

they are intended to fulfilclgand design,and vxecutionfof

effective marketing strategy :»(See B-6 for discussion on’:

woodstoves )

¢  The widespread application of'many\reneuable energy'systems

in Africa is hampered by the lack of local repair

facilities, supplies of spare parts, and trained oper:

and maintenance personnel.

Inadequate maintenance and incorrect operation were two-  ma_

causes of system failure for a number of technologies examined
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this assessment. As technology adaptation and fiela-testing have

progressed, the lack of local technical skills and support

infrastructure to operate, malntain and repair installed systemsfhas

become a more pressing problem at most of the sites visited;

some cases, trained manpower was simply unavailable infthw”w
adequate provisions for in-depth training of local personnel@had not
been made. In others, adequate funds had not been budgeted for K
follow-up inspection, maintenance and parts replacement.~ This is a

particular problem when a local government extension organization or

line agency is given responsibility for equipment installed‘ithhe

field without supplemental operation and. maintenance funding

line organizations have virtually?nO'o”e atinglfunds and cannot even

afford the fuel required to visit’:emote sites periodically, much
less purchase or fabricate replacement parts._ Donor agencies seldom
give enough attention to repair and maintenance. Creating service

facilities and training individua s to repair and maintain installed

systems are frequently neglected aSpects o&fproject design._

Technical assistance can help create h onditions for effective
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QUESTION 3: WHAT HAS BEEN THE COMPARATIVE PERFORMANCE OF

ALTERNATIVE RENEWABLE ENERGY SYSTEMS IN PROVIDING COST-EFFECTIVE
ENERGY FOR SPECIFIC AFRICAN END-USE APPLICATIONS IN THE AREAS OF
AGRICULTURAL PRODUCTION, AGRICULTURAL PROCESSING AND FOOD
PRESERVATION, DOMESTIC CONSUMPTION, AND SMALL-SCALE COMMERCIAL AND
INDUSTRIAL OPERATIONS?

“Little usable cost/benefit information is being collected

to determine long-term economic viability for most

renewable energy systems examined.

The first generation of renewable energv systems 1nsta11ed in:;
Africa were viewed mainly ;; experiments. The emphasis was onv’ |
technical performance monitoring, technology adaptation and creating
institutions to conduct renewable energy technology research and
development. Capital costs were expected to change drastically as
technologies matured and/or local fabricating facilities were
created. One time extraordinary costs were not kept analytically
separate from expenses that would be required for subsequent
installations. The problem increased when assessment teams
attempted to gather cost data on systems installed by private
volunteer groups, relief organizations and some government f

agencies. Often, these institutions did not keep track of recurrent

costs, or operation and maintenance expenditures S0 that benefits

and costs could not be compared with alternatives.r (See‘B-izwand”

B-18-19)
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off ‘Thus far, not enough attention has been paid to the :f,‘

question of marketing and dissemination of renewable energy

systems accessible to potential African end-users,

particularly through private sector investment.

Technologies that appear to have a number of potential
applications are often thwarted mainly by users' lack of access to
,capital. Africa s small scale entrepreneurs and rural and urban
poor, in particular, do not have the savings or access to reasonably
priced credit to make it possible for them to invest in capital-

intensive, but fossil fuel or firewood-conserving technologies.

° ,;The first to adopt renewable energy systems will probably

ﬁnot be the rural and urban poor, but relatively affluent

-frural and urban dwellers, medium-to large-scale

pentrepreneurs and organizations providing social services

at remote sites.

Renewable energy systems are usually capital intensive compared
to. the technologies or techniques they displace, even though their
ﬁftotal life-cycle costs may be extremely favorable. The poor,
f?particularly those living outside a monetary economy and practicing'

fisubsistence agriculture, have virtually no access to capital, even

fffor basic necessities, such as seeds and tools. For example, in‘

:1some countries, people find it difficult to purchase low-cost
earthen stoves priced under $4. 00 (U.S. ) ‘In contrast, urban
v‘dwellers and medium-to large-scale energy—intensivefindustries

devote substantial portions of their monthly incomes to purchasing
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fuelwood, charcoal fossi"'fuel products and/or electricity. At‘a'

number of sites visited by

ssessment teams, these individuals and

businesses demonstrated,‘ willingness to invest in renewable energy

systems to reduce fuel expens ,if they were convinced of the ?”“

overall profitability of thes‘ systems.

Other groups which are already using renewable eneroy
technologies include government and private agencies that provide |
public services in remote areas (eg., clinics, hospitals, schools,'
community centers, irrigation pumping facilities). All require
energy to provide their services to the general populace. Since ;,
they often purchase significant amounts of fuel for their daily

operations, and interruptions caused by fuel shortages and

mechanical failures often have serious consequences for their ’,Q

clients, they are willing and saometimes financially able to invest

in renewable energy systems. -

QUESTION 4:  WHAT MECHANISMS CURRENTLY EXIST WITHIN ONGOING

AID AND NON-AID AFRICAN DEVELOPMENT PROJECTS THAT ALLOW FOR ACCURATE
MONITORING OF INSTALLED RENEWABLE ENERGY SYSTEMS AND MODIFICATIONS
OF TECHNOLOGIES OR PROJECT ELEMENTS TO TAKE ADVANTAGE OF LESSONS
LEARNED FROM TECHNOLOGY MONITORING?

Laboratories that place the greatest emphasis on experimental

method also seem to be. carrying out the:‘ost extensive, thorough?‘

analysis. However,'almost all projects
aspect of data gathering and/orpanalysi‘ﬁ

social nature.



sofflwAt‘over half the sites there was little evidence of |
| tY@technology development, and an even smaller number of the
f5projects demonstrated any type of monitoring or evaluation

vfactivity.

;qxfliEnergy laboratories and prototype developm nt morkshops,

o jmaking the most progress in rechnology development, also’
,;appear to have carried on ‘the most extensive monitoring and
gevaluation of technology performance. f", | ; '

;'of: Laboratories which have good working relationships with
‘field—oriented organization have had the highest percentage

;of successful demonstrations.

jq;;ke:,aygluarISHS, inamakingﬁdecisions about technologies.

;gi'ggLittle financial or market information has been collected

~in conjunction with renewable energy field demonstrations

- at the project sites visited.

TThis'is an area that needs immediate attention, 1f the
_ffield-testing/technology-selection process is to yield commercially
tiviable systems.

Assessment teams found wide differences in;the degree.

tovwhich
Jivarious projects,'do”' : g
”jmonitoring and evaluatio systems.

Whether the result ofwmonitoring and evaluation, institutional

competence,~or good management, the most successful technological

development and adaptation has occurred in situations that included
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formal monitoring and evaluation. For all tkose projects (both AID
and other programs) that do not appear to be learning much, the
chance for any systematic analysis of presently insiailed cystems is
rather doubtful, unless improvements are made in how data are
gathered and organized. Without such improvements, analysis in
these projects will continue in an ad hoc, informal, impressionistic’
manner, and an adequate level of learning will probably not be g

achieved.

e In general, little sharing of lessons learned from field-

testing between projects and among donors has occured, even

in the same country. Thus, information being collected in

tééhnology monitoring is not available to practitioners

addressing similar problems.

QUESTION 5: WHAT IS THE POTENTIAL OF RENEWABLE ENERGY SYSTEMS NOW"

INSTALLED IN AFRICA TO PROVIDE SIGNIFICANT PORTIONS OF THE ENERGY
CONSUMPTION PROJECTED FOR THE COUNTRIES EXAMINED AND THE WHOLE
SUB-SAHARAN REGION BY THE YEARS 1990.- 1995?

Of the five questions guiding the assessment, this proved the
most difficult to answer. To do so with any assurance would require
data on (1) local energy resources, (2) current energy use patterns,
(3)vnee§ for services renewable energy systems can provide, (4)
POEéﬁﬁiéiliﬁPé¢¢,°" critical fuels (firewood, diesel fuel), (5)
pdtgaﬁfgf,iﬁﬁééé‘on national development objectives, and (6)
potential'contribﬁtioh to national energy suppliesQ During the

short period of this study, assessment teams collected readily
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cost compared with other alternatives, an‘ﬂ‘”

which they are marketed and disseminated. Findings vary widely'fro

country to country. Tentative Jjudgements based on curren~

are outlined below, organized by end-use application

findings for several key agricultural end-uses of enefgy AT

presented in Appendix B.
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_,_v Summary on Agricultural Production
.ar ‘Processing Application Installations

o Number of Sys-
o tems Observed

| Egvsw

v‘waﬁé£f§dﬁping*f majdr: PV arrays 'Vr“eﬁ:‘:ea.”‘ w55ff~a16v:f
R - wind fan-mills and wind T U
| electric turbines - - -"wjjallgf:ﬁ

'“fﬁfiﬁiher: 'hydraulic rams, solar ther-ni?§
_— .mal, anaerobic digesters e

grinding/ _ "?i}iffa PV, anaerobic digesters,
threshing ,';;;;eig eta‘small-scale hydro e

" community-"" . ZF-e-;elarfdr?étS]ﬁ$?iﬁﬂVTV
scale’ crop/ A R LIt

fish drying

watering.
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‘p 1‘Renewab1e energy systems have been experimentally applied

to a wide variety of agricultural production and processing

steps -- irrigation, watering livestock, drying grains and

fruits, processing organic fertilizer, and grinding grain

;and other foodstuffs.

Field experience has been mixed. The potential of various

energy systems to address,specific end-uses is summarized in Table 2

TABLE 2.

Potential of Renewable Energy Systems Examined to

Address Particular African Agricultural End-Use Applications

END-USE:

Current Energy Source

Observed Renewable
Energy Alternatives

RET Potential
To 1987 To 1990-95

WATER PUMP ING :
human/animal power
small-scale diesel
grid electricity

wind fan-mill
photovoltaic

" biogas digester

solar thermal
hydraulic ram

small-scale die;el
human/animal power
grid electricity

micro hydro
photovoltaic
biogas digester
wind

DRYING/PRESERVING :
open—air, sun drying
firewood for smoking
salting

solar dryer
biomass smoker

COOLING/FREEZLNG :

small-scale diesel
grid-electricity

photovoltaic

high high
medium high
low low
low low
low low
high high
low - medium
low " low
o ?
low medium
medium medium
low ' low

Some of the more important applications

are discussed beiow.
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fef Wind and photovoltaic systems’ can perform well in pumping

water for human and livestock consumption, as well as

small-scale irrigation of high—value plants (vegetables and

cash crops).

;Wind regimes are normally quite low in equatorial Africa. f'
However, where an adequate regime prevails, fan-mill.if:dvr':;w
economic substitutes for diesel pump sets as evidencedyby commercial
salehand maintenance of fan-mill systems and existence of numerous,
low—cost, site-built units fabricated by local craftspeople.‘:?
However, servicing and credit are major constraints to their wider
application. Photovoltaic systems, with their large initial capital

cost but high reliability, are being used mainly to provide“water

for human °°“5umPtion in locations with water tables close;f"'
surface. Occasionally they may also be used to provide water for

vegetables and other high-value crops where markets exist.w Donor

agencies and private volunteer organizations continue to. show o

interest in expanding photovoltaic use for remote potable‘wa er
systems, as a substitute for small diesel generators.; However,

little effort has been made to monitor economic performance of_these

systems under real field conditions.

o fThe renewable energy systems tested thus far in Africa have

‘little near-term application for several of agriculture's

ma jor energy-consuming sectors -- farm-to-market transporta-

tion, plowing and cultivation.

' In most cases, these tasks are now performed using human and/or

animal power. For example, the possibility of increasing available



effect on fuel consumption in agricultural transportation., These o

di’where transportation;isha major“

;of;total energyv‘

. consumpt iOn S R

‘@’ For applications, such as grinding and milling, where a

substantial amount of power is required on a daily basis

for commercial operations, hydroelectric or hydro-mechani-

cei turtines may be the most economical alternative to

small-scale diesel systems.

At good sites, with year-round water flow and physical i

‘characteristics suitable for a "run-of—the-river" system (s ch- thet

hno dam or other major civil work need be undertaken);;nicrohydrh;5

‘%fﬁh ﬂergy,‘in the fOl‘ln °f eithe

iipermit operating a commercial mill on a competitive basis,withf{p

;:existing small-scale diesel units or mills with access to n
‘helectric grid._. . ‘_"‘} i U o
: Specific findings”onvwater-pumping, grinding andfmillin
'nnd fish drying arejprovided belows . =~ ¢ o
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Water Pumping

o A lack of easily obtain

| ﬁwater;levels.;v(B-l4-15 and 3-17 18 )

bV,f;:the highest reliability for pumping, ‘but overall

faccording to the type of design and - local wind regime.;y

;Many systems were poorlyydesigned¢__4;_bfwéfifw;i:;gcw >

iphotovoltaic system reliability was hampered by poorly
;matched and unreliable -pumps and motors. (B-12- 13
tReliability ) o -

1A number of u ers, donors and private volunteer organiza-

‘elt that the reliability of photovoltaics forxremote

5sites offsets their higher capital cost (relative to diesel
funits) for small, critical electrical loads, such as
;telecommunications, lighting and potable water pumping.,
1(3—19 ) ,,' P ; i
tWind system reliability and durability varies‘widely,

-high winds and' storms. '



application of hydraulic rams. is severely 1imited Y-
of appropriate sites. (B-14 3'171;iv.na |
Field teams found that the normal distinctionJin7development

p1anning between potable and irrigationxwate

apply in the countriesavisited;"(Despite similar needs these two
applications do require some dfstinction, due to different water
requirements and other factors ) Regardless of the water S end—use,

the pumping_systems examined were medium-to high-head (15 to 60

meters),ip;




Lenergy systems,g (B-22)

‘andlthe mill's ability to grind a varietJio foodstuffs,

;It is difficult ‘to. assess the economic viability of the

iCommercial millers in Africa are experiﬂnced in machine
loperation and maintenance, and have no. difficulty |

ftransferring these skills to mills powered by renewable

“Non-economic;factors, such as fineness of the flour output

”1&d as much to. do with high utiliz"tionﬁo,c fﬂ

observed as prices for milling. x.fﬁ»

systems observed for two reasons--the renewable energy

1systems were usually gifts from outside donors, so capital

costs were not considered in local financial calculations,

and prices for milling services were often.established

arbitrarily by local leaders or prOJect managers, without
regard to capital costs, operating expenses or the need fo
future system replacement.j (Bf23), | D

Crop and Fish Drying

- Solar drying of crops, grains and fish has been

successfully tested in a number of locations, but has yet

to prove economically feasible or attractive to small-scale

farmers and food processors.

"There are two reasons for this. First, the traditional drying

;,ﬁtechnique being displaced--sun-drying--has a very low initial

investment cost and no operating‘expenses,':No3fossil fuel has to be

purchased and no firewood collected orabought, except when food: is

also smoked. Second, improvements offered by solar dryers--reduced

spoilage, less insect infestation and more complete drying-—are not
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yet,directly»reflected in the*marketivalue*ofithe&final product.;-”’

occur in time.
f§,’~As solar drYers ar ?f;it ff,? 1f?2;f_;f;¥:f70f prototYpe.‘
i <development in Africa, insufficientyinformation_exists oni
| _"ffuture economic viability, durability or even’ acceptance by
fﬁlffpotential users. ‘(B-25-26) S N

1oggiLaboratory testing—and initial demonstrations of solar

I

aEis

| dryer prototypes in Africa indicat; potential economic

Mif“viabi]ity 1ﬁ“ rojects designedlto 'roduce cash crops, L

3chiefly dried fish”and fruit, C ;mercial markets.l

fo?f;Many research prototype solar dryers were developed with
;little effort to define potential users or consult them on
:important limiting factors, e&g.‘allowable investment

fcosts, market product differentiation, and consumer taste

jcharacteristics“

productCis/often as

fpiportant as?the unit's,technical?'erformance. mg,jﬂ;f5
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fofi”Higher market value, increased marketable yie1d and?lowet

insect infestation are the maJor be“efitsaperceived by”
users of successful prototypes. B e

'@ Since the traditional a1ternative drying»technique--open-“

L&air, sun drying--has no capita.“costs, so ar-drying systems,
;fmust either be very low-cost or perceived by users to have:@

;'substantial economic and/or social benefits.g

4.4 Findings on Non-Agricultural Applications

‘Non-agricultural épplications account for che‘buikfdfléﬁéféﬁf

~or more of total energy consumption in many African countries.i'
Other domestic applications--lighting ‘and water heating, in
~ﬁparticu1ar--consume small amounts of the total, but are important
because they use fossil fuels or electricity directly. They also,
afford opportunities for early, cost-effective substitution with
renewable energy technologies. A summary of the range of
non-agricultural applications is given in Table 3, along with
technologies being applied to each end—use. The most important

non—agricultural applications and the performance of selectedaih

non—-agricultural systems are described in Appendix B._f,gfﬂr__ff'
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_TABLE 3. Sumiary of Non-Agricultural Application Installations

L ‘Number of Systems
EndéUsev“;yj Energy System 1; - . Observed
cooking fﬁ‘ lfbiogas, metal/earthen‘stoves - 156
water heating J}active and thermosiphon'solar systems 22
lightingx:'<‘ biogas, photoyoltaicﬁunitsli'“ 3
food_drying,: family—scale solar food dryer
space heating passive solar construction fl

Most of the AID renewable energy projects visited‘im |
assessment place heavy emphasis on domestic applications--chiefly
cooking and water heating--and other basic human needs particularly
in rural areas. However, the assessment's findings can be directly
applied to systems supplying energy for use in urban areas and rural
market towns. Certain commercial energy requirements, such as
process heat for small entrepreneurs, can also be met with renewable

energy’ svstems.i"'"”

Specific findings on cooking, water he
cooling, and lighting are Pf°Vided below,, PR e
4. 4 l Cooking

:»”o'v;gIn rural areas. where theyhhave been introduced

) ver“\

’ ‘ ys.are more
often accepted b\caus_,of»their low cost, eas"f |

construction and insensitivity to minor fabrication errors.



‘1?d¥ﬁ§e conditions. It alsorappears that users may be
i@interested in stoves for other reasons—-freedom from smoke,
;decreased cooking time, child safety, or as a symbol of

ffmodernity.- .

?Qog'°;People who purchase, rather than gather, fuel are‘morek
nlikely to invest in a fuel-conserving cooking device.‘ The
~more they spend on fuel each month, the more likely they
zare to seek an energy-conserving unit. (B-34)

e  Small-scale entrepreneurs and businesses that purchase fuel

are among the first to adopt fuel-efficient wood and

PR A 1 —_——

Individual entrepreneurs who use wood, charcoal, dung or
,agricultural residues--beer and bread makers, street food vendors,
small restauranteurs, brickmakers, potters, laundry operators—-
require large amounts of fuel on a daily basis. They usually

purchase this fuel, rather than gather it.i“With cash incomes, they

have the capital to invest in efficient stoves,‘ovens or kilns, and
being substantial fuel consumers, their use of a fuel-efficient
devices will produce an immediate, measurable saving in local

firewood, charcoal or fossil fuel use. Since they serve the;public

‘directly, the involvement of small—scale entrepreneurs also

Jtory demonstration effect in that other potential userS¢canN



observe the costs and benefits‘of new designs.; For these reasons;j

xh?gibeing cooked manner‘o; preparation, fuelsvavailable and
customary location of cooking chores. | (B—30)
. Earthen and metal cookstoves have been adapted and

disseminated on a small scale in a number of locadﬁ‘

;them prohibitively jf”%“‘

T(B—34)

‘ dw;ﬂhSince current cooking systemsﬁin‘allithe_countries’visited-_
%:"three-stone" Cooking fires or stoves made of recycled
;fmetal food containers--have littlgl g'_" g al cc |
‘ffuel-efficient stoves must have obvious fuel and time_

k savings or other advantages in order to gain wide
,acceptance.,v,g | i | i» | ‘Mdig“ -
f oﬁggglm roved portable stov s'skld :ﬁﬁough normal market

«?channelswmay;be disseminate,i 1apid1y than mud and clay
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;stoves requiring broad training and extension efforts. For
Lboth portable and stationary devices, replicability and
{rates of diffusion appear to improve with simpler
‘approaches to design and construction. Trying to achieve
’maximum energy efficiency with complex or more ‘costly
designs may slw the dissemination process.

Estimates of economic payback&on;stoves‘vary, ‘but they are
generally considered to be gapid;iin‘some cases as short as three
months. However, payback periods?for sand and clay stoves used in
rural areas have been difficultito'determine because of: (1)

variations in design and end-use performance, (2) the difficulty of

assigning costs for 'free wood labor, and locally available
'materials, and'(3) the difficulty of incorporating extension service
dissemination costs into economic payback calculations. For these
reasons and oecause systematic“field-monitoring is both costly and
time-consuming, very little information is available on the overall
economic performance of sand and clay stoves. On the other hand,
payback calculations for improved portable stoves marketed in urban
centers are easier to estimate and probably more accurate since the
price of fuel and the price of the stove are known, and average
stove performance under actual end-use conditions can be established

with some precision.
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Water Heating

Solar water heating could have an impact on electrical‘ﬁru

power demand in urban centers) of particular importance;

where petroleum fuels are used for power generation;

However, significant market penetration for solar wate‘
heaters has not occurred to date, sales have been limit
primarily to commercial/institutional applications,
high-income local households, government officiais,$and35f
expatriate workers. (B-36, ' B£37) o
Independently derived inforLaFion oa durabii{ty"andfﬁ"
economic payback for available solar water heating'systems
1s almost completzly absent in Africa. Such information
would be useful in building.cansumer interest and market
demand. - |

Locally produced solar water heating systems have
ftequently'been unable to comﬁete with imported systems
elther in cost or quality. (B-36)

Large-scale, commercial/institutional hot water users
(e.g., schools, hospitals, clinics and hotels) are
interested in purchasing solar systems but require ease of
operation and reliability equivalent to current water
heating systems, which are primarily electrical.

In low-income households, waté; is typically heated on ﬁhe4

same stoves used for cooking. These stoves generally
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‘produce less hot water than do solar heaters, since water heating is

only a secondary result of °°°king,;””'“”

The issues surroundinglthe use of'traditional‘cookinﬂwdevices

:“gathering fuel etc.--exceptyt at_the economic andjsocial value of
‘domestic hot water 1is- lower than‘those associated with the provision

fof cooked food.

4.4.3.  Space Heating and Cooling

*f{iﬂt7_1n the areas where space heacingfahd{k&bfsaaé"éifehf"“

informed that such space heating is becoming more prevalent. Rural

residents use dung or wood for heating at certain times of the ;-Z;

year. Stores carry South Africanvcoal 5 ¢
by local people to be high., Due tf! ‘: k. adily e
'traditional fuels or money to buy commercial fuels;{few#urban or
rural residents presently have space heating. However, recent
survey data from both countries indicate that people strongly

perceive a need for space heating and would prefer to have warmer



living spaces during the winter.%fsqhﬁerﬁoooifhéiisghot:eﬁoreeeed

a strongly felt need.
In both LesothoqandABotsw”n Al

'and Botswana._ Initial calcu al

percent, with a much higher comfort level (anwimportant benefit in

vitself) : Estimated payback periods for the additional costs of

;depending on the*design. Buildings are""
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cooling techniques.

4.4.4, Lighting

systems arexcomf rcially viable and cost-effective in

:»virtually allwthe cOuntries visited particularly for small
ifinstitutional users and high incomt households in remote

'ﬂareas who are not connected to an electrical grid when

?other alternatives are either diesel generators or storage.

fbatteries. (B-39)

fsystens have records of power availability that approach
flOO percent. Their record for reliability is being used as
ia ma jor marketing tool-by private sector photovoltaic
‘distributors and manufacturing representatives.

e In7remote locations, photovoltaic lighting systems are more
{reliable and trouble-free than other options, despite the

Jneed‘for batteries and control devices. For this reason

ftheyflre frequentLy the system of choice for health

tclinics and other emergency services.::

"'Energy for,lighting is considered a second?order need by most

income rurals:esidents in the seven. count; s visiteda Light is

rovided primarily as’ .a byproduct of the evening“cooking fire,

although kerosene4lamps‘and candles are‘used to}some extent in more

S.. Urban residents, expatriate:workers, government



lighting systems. R

lighting equipment so theyf;”h

*1asses in the evenings-‘-F”R*%g:;::vxfﬁ
Assessment teams found that photovoltaic systems are already

commerciaiiy available throughout Africa for a number of low-demand

remote, electrical applications, including telecommunications,

cathodic protection of structures_and‘”ipelines, microwave ~*75‘

repeaters, medical refrigeratioanand lighting.‘ Purchasersfofww

photovoltaic 1ighting system “ere‘enthusiastic about the

P“rCh351n8 d301510ns we_ ;based’on one or more of the followingwg

factors: (1) prohibitive operating costs for small-scale dieSel

generators or kerosene 1amps, (2) unreliable 1ocal supplies of 5,

petroleum products,; /quiring expensive stockpiling to ensure

lighting availabilityam(B) difficulty in providing maintenancewf

W_spar partsyfor lamps and generators at remote s tes{

RRuralband,urbf' low-income populations benefit only,Jnf‘ﬂectly

from phonovoltaic 1ighting installations.

fThisymill;remaindtrue for'

,the foreseeable future because of the high initial capital

investment‘required.
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';Major U.S. and European photovoltaic manufacturers have set up

‘commercial distribution networks in virtually all the countries

visited for this assessment.

In these countries, local distributors are aggressively"f‘f

,marketing photovoltaic systems for a variety o' small-scale

applications besides lighting-—telecommunications d
refrigeration, potable water pumping, navigational buoys,“and
cathodic protection for structures and pipelines. Local dealers;

normally offer assistance in system design,:knstallation and

follow-up maintenance or repair._ All these end-uses are very;ff'

important in the development of rural areas and market tow Jnd'
,under certain circumstances can be economic, technically,soundfft

?applications of photovoltaIc systems. -

:4,5, The»Role of the Private Sector

The private sector is cur:ently involved_in"ﬁf

‘f;renewable energy technology use in eachvolithe seven'countriestﬂ,

:\3implies that there are commercial markets for at least some of
:h:the renewable systems, and the demand generated by that market can
jrﬁbe met, atrleast in part by private entrepreneurs._ The role of

in the successful marketing of various technologies was

5ffnot systematically evaluated by the assessment teams, although it

f{fwas‘evidentwthat various mechanisms,(e g., subsidies, direct

1l,g“vern‘;nt‘purchase, regulatory'po;icies) were sometimes being used

]ffto enhance market penetration._


http:part,.by
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Two important issues':rose in considering the,potential,role of

,--economic viability and financing. ,

ymany'renewable energy technologies such as windmills, photovoltaic

‘systemifand equipment using biomass fuels, some sort of external
;financing will be necessary for successful dissemination._ For

fnf‘even 1f 1arge, photovoltaic water-pumping systems prove

ieconomicalv;the probability of commercial developmen"of these G

?iystems isalow without adequate financing;¥ Typically, individuals

ior villages‘in Africa simply do not have th"capa‘ ﬁ‘atoreither save

pthe capital investment required or. borrow»itbfrom xisting financial

‘o, if photovoltaic water}fumping systems (and ‘other

finstitutions.“a’
asimilar expensive, capital intensive technologies) are to become

commercialized policy changes will be needed‘in ‘ost:countries.,

“3"ffdpyconomi,4benefits and access to cre“it will largely



policies can have an important impact‘on,both factors

instance, if it is perceived that a government subsid 7ofﬁlimited

duration would help establish private companies that cou:_;continue;
without the subsidy after it expired, something like the solar _
energy subsidies in the5U S.Ymight be useful.’ Also, programs for

low-interest or guaranteedfloans, such as. the rural electric
cooperative program or Federal Land Bank in the United States, mightg
be considered. Clearly, there are many government policy optio' ”
which could facilitate private-sector involvement in renewable

energy development, and future examination of these options should

focus on the two key issues identified by thiswassessment--proven

As‘various renewable energy}systems are used more widely in
each of the seven countries, there will be increasing opportunties
for business development. However, in the countries visited, there
are currently few programs oriented toward indigeneous manufactur-
ing. Rather, the majority of projects were aimed at demonstrating
technologies with minimal emphasis on commercialization., For those

technologies which have demonstrated economic viability and social

acceptance, assistance in_small“‘nterprise development and marketing

could be of significant ben,fi‘q
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5.0 Issues and Recommendations

Issue: Energy technologies and systems appear to be inadequately

matched to national energy requirements and end-user needs.

Discussion: Given limited development resources, AID support for

energy technologies and systems development, application and |
dissemination should be directed at meeting Africa's priorityfo

energy-related problems.‘

Recommendation 1: The Bureau for Africa 's renewable energy¥;

activities should be focused to better address the‘folgmwlihi
priority energy-related problems: |
- dependence on high-cost petroleum imports"
- rapid rates of -biomass depletion/natural resource
degradation,

= low agricultural produc'i”ity3and inf"fficienﬁ&improvement

ncome ruralgand urban

in the quality of lifewfor lo%w
populations. o

Recommendation 2: The Bureau forgAfrica and Missions should support

design, field-testing and marketingydissemination of energy systems
which best address priority energyerelated problems, e.g. where

applicable, more effective use of human energy, animal motive power,
fossil fuels, or renewable energy. '

:Iir

Recommendation 3: In the design of agriculture, rural/urban A

development, irrigation, water development health, housing,

transportation and energy projects, Missions should consider using
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REDSOs, Energy Initiatives for Africa field specialists in Abidjan

-renewable energy systems for water-pumping‘and lifting,

7grain—grinding, fuelwood conservation watef;heating, remote

'electrical ‘power generation;“b tte.y charging, lighting and medical

refrigeration. , -

Issue: Insufficient informatidn exists on the performancefandéf

cost-effectiveness of systems and technologies.

Discussion: Field observations in African countriesfhame

strated the inherent difficulty of trying to establish iccurat L

performance monitoring and cost/benefit analysis programs_.,Jﬁt
locations with scarce trained human resources, The fOllowing‘L

generalizations emerged from the assessment:s

1) Very few technologies were actually beih8f§ffect;¥¢¥&“}g
monitored in the field. Pk

2) In general methodologies used for monitoring specificmf_

technologies are not unif‘ “1among ProJeCtsg,o@-fm,w

share experience and results.;*7fi:r



“"A3) Tofdetermine equipment and system economic effectiveness
requires reasonably accurate information on initial manufacturing

and purchase costs, product or system lifetime, and associated

repair and maintenance cos*s.v Estimates ‘of maintenance requirements
and system life ca&“bemobtained either through user ‘field surveys or

by conducting accelerated use tests under controlled conditions. In

estim es'of system lifetime and costs.‘ Information of thisﬂkind.is

“‘i'

can help a) improve the quality of equipment and systems procured

for development programs, b) stimulate private sector marketing{and

manufacture of quality products, c) improve buyer and user
confidence, and d) increase consumer demand._,fngff“ L

Field monitoring and evaluation requires a commitment of human

land financial resources that was not observed at most of thefsites‘
jvisited in Africa, perhaps because the difficulties in providing
‘fuseful performance and cost-benefit information were not fully
',anticipated. The experience gained from current efforts-should
}prove useful in more accurately estimating the full human resource

requirements and financial costs for future field monitoring of

those technologies_which appear to have potential for meeting E,,

priority agriculture and rural/urban needs.
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Recommendation 5: Where appropriate, Missions and S&T/EY should

end-use priorities in African countries.?z

Recommendation 6: AID should encourage inde;ende

programs that are self-financed (e g. through:equipment
certification fees), for systems, equipment and tools which most
closely match end-use priorities in. African countries.-~‘

Recommendation 7: S&T/EY and the Bureau,;or’Africa shouldﬁs‘pport

development of uniform methodologies for determining technicalzand
economic performance of the systems identified above so that results
can be easily interpreted and shared among researchers and potential
users in different countries. Where appropriate, S&T/EY and
Missions .should support efforts-to strengthen existing institutions
with experience in performing comparative technical and economic
iPerformance tests. E e

' Recommendation 8: Mission and S&T/EY support for the development

and difiusion of renewable or appropriate energy systems should
re-emphasize determining economic performance and user acceptance of-

systems prior to promoting their marketing/dissemination.

Recommendation 9' Using REDSO, Energy Initiatives for Africa and‘

S&T/EY services, Missions should ensure in projecthdesigd’that

adequate resources are providi *to allow field proje t_migwﬁﬂ entfto

keep track of recurrent’costs,loperation'and’maintenance_.mh_%it1p
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tures and system outputs so that benefits and costs can'b‘

‘calculated and ‘the cost-effectiveness*of installed systems ‘§mpare

with alternatives. Similarly, Missions should ensure that‘ hese
costs and outputs are actually being recorded;during t | '
implementation. e R e

Issue: Information on the social and economic acceptability of

technologies and systems to meet end user needs is frequently

limited.

assessments of small represen ‘t_ve :hmple populations are useful

for determining initial energy system'needs and demands. |
- Unfortunately, statistical sampling techniques normally applied in
test marketing of products have not been a part of most efforts to

date to determine th

cceptability of proposed energy systems at
the local level. B ‘ .

- Recommendation 10: The Bureau{for AfricaalMissions and S&T/EY

should promote the incorp‘, onuof statistical sampling techniques
into sociological observations, rural energy ‘assessments and market

surveys for energy systems designed to meet priority energy-related

:;needs, including renewablf, ,ng systems, in order to more effec-

'ftively determine the existing and potential demand for these systems.



- 49 -

Recommendation 11: For projects in the fielq,.Missions should seek

REDSO, Energy Initiatives for Africa, and ST&EY assistance to ensure
the design and implementation of systematic programs for collecting
information about the social acceptability, financial setting

(including credit institutions), and marketing environment.

Issue: Exchange of useful information among préjects and countries

1s insufficient on: 1) successful program acti?ity, 2) economical

energy systems, 3) successful commercial ventures, or 4) experience

gained.

Discussion: A number of organizations are enéaéed in exchanging
l

information on potential solutions to energy-feiated problems, but a
more systematic and analytical approach is neéded. The lack of
effective exchange of qsede information is a mejor problem which
deserves immediate attention.

Recommendation 12: The Bureau for Africa should analyze, and

subsequently recommend and implement, system(s) to improve the
manner in which AID, AID contractors and other érganizations gather,
coordinate, and deliver information on successful activities,
iessons learned, and economic energy systems, including renewable
energy systems.

Issue: The marketing/dissemination of systems and equipment for

ru-al development, including renewable energy is currently

ineffective.

Discussion: AID renewable energy activity has been directed

primarily toward design and adaptation of equipment and dissemi-

nation through extension programs with limited attention to
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systematic test marketing, use ef advertising (e.g. “eWSPéperg,L»7‘
radio) and small enterprir. development. Most AID supported
projects have been directed by engineers or appropriate technologyn;
specialists who have lacked small business and marketing expert;eegﬁ
These projects also have tended to overlook possibilities for' St

supporting private sector marketing of commercially available

equipment from other LDC countries and the U. S., and thewadvantagesé

agricultural/rural development projects and on?nhe marketing of@’»}'
proven, cost-effective, and commercially available“equipment ffom

other LDC countries and the U.S.

Issue: Production, maintenance and repair capability for ‘equipment

and systems is limited throughout much of Africa.

Discussion: A major constraint to wider use of cost-effeetime

energy systems and equipment, including renewable energy systems, is
the minimal repair and maintenance infrastructure existing through-
out much of Africa, including low levels of trained manpower in
equipment maintenriance, repair and operation. Increased emphasis is
therefore needed on vocational-technical training within most
African countries. Also, high durability and low maintenance
requirements are important factors in design and commercialization‘

of energy systems in Africa.
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Recommendation 14: S&T/EY and the Bureau for Africa should promote

commercialization of renewable energy systems with provenyhighﬁ

durability, low maintenance requirements and competitiveﬁ,

performance.

Recommendation 15: Missions should draw upon RED'"
Initiatives for Africa and S&T/E i vfd”‘ Ler |
carrying out training needs&assessments.tﬁin future projeot design,
where appropriate, the Burea nforvAfrica should support
vocational-technical training f.,iiities and the training of
vocational technical instruotor:{in’_he operation, maintenance and

repair of renewable ‘energy systems.?f]f?f'g°‘



—APPENDIX A

. - ..



'llll‘lll PROZECY NATRIX
M

Mriculturs}l
Production Proceasing

COUITRY 3 nntnw.m.\ e

_PROILCTY WAME AGINCY S e
[ windming el

hevelnpment " : A

dlan/Chinese st I

NMao-diqgantora I L] Ly
—:u-uh-nl-nrlvnn T I B H 3

. . x ‘ ¢ X

ump pLIC R TN T

T P pe [ FRUAT, mt '.-~" x 4 x x

: rovjec & APD, Tne. H Y]

Phatovalitalc Taurus Ratter . x x X x X X
Water tumping les, Arca snl.dr

Sonlar ot Solar power ) « X x
Hater Systems | Inc., Gabarone ’

.

' purat !ridqntlflg’s;ﬁ]_qﬁnim(lnn{(‘nntor. Gahornne ’ Ministry of Mineral Renourcea & Water Affalrn, Gaborona ¢ Rotawana Renewahle Fnerqgy

Intermadiate Technoloqy Nevelopment "-l’mll: * Rotawnna Technology Center, Gahorone

Technaloay Praject (RPFTI

~ Best Availabhle Document



" MABSTER PROJECT MATRINX

| ENERGY StETEMS

Agricultural Commercial/
Production  Processin Tndusteial

.

& & .
3/ /3 <
3 &l |3 <
2 g 5" ? [- N\
(53 3 5 - O
COUNTRY s Kenya ; ‘_? S8 & o/ O 2/
é 8 IR ETETINETE
- &8 E /3]
INPLENENTING $ L3318 5]3 j S
PROJECT NANK acency DOHOR < (S [3[3[d]E]8 F4
Puplvirbla ) HNin. of Env, & l. % X
I'rovject tlat. Resouroces .
Benew, Fnerqgy Min. of Enexgy, x
tvvel. project [Ent! ¢ 1mG? USAID X x|x ¥ |
- - ~ RES - "
Hiwngu Water |French Cul- . t
TR I T tural Center ¥ b ot B X X X w
Fitul Bioqgas better Living | v, s, x M . . -
Faos et Institute tmbansy
Waned Watep- il\nln llarries
poEge i) tng'ng Ltd, l_ x x X X
Wl Flectrice - —f—
W Saealiet font Antmatics 1td, : X X X
Lo akey tlarcnal rllu . leakey x x X
Uxpaer iment {1uivate indy,) .
-—e . - --._—_“:_ o -— ¢ —
Yoty teveligment iuteruﬂ&hl,‘ijn '

hetvimediate Technology n.f'.]q‘nt Gronp

=



nasrenm
PROJFCT TYPES ENERGY BVSTENS

PROJECT MATRIX

Induatrlal

Comnercisl/

coumyays __ lasotho
INPLENFNTING

PROJECT NAME AGENCY DONOR
Blogas Hatl, Unfv, )
Prajrct of lasotho Utes ’ .
Fural Technol. | c1DA? [
mit (T.7.)° | siea® x X x X X

- I B -
T.T. Solar tiot | Parry Schonol,| Government xix|x : , x X X 1
Water Projects | Cat®lic Misn.| of Lesotho )
[ 3
RET Project® [ HORN. ARD & 4 X x|x x x x|x x x x
Peace Corps

W for Lighting]| MTC? & Panish X‘ X
& Communications| Vol. Sarvice
Waler-pusping | many private x X x xl
Windmilla owncrs

Vimilied Natinns Development Program $ Lesotho Renewahle Energy Technology Project

? wpural Technology tinit (Thaba Teeka) Ministry of Cooperativas & Rural Developsent

: Canadian International Development Agency ? Ministry of Transportation & Communicationa

fwedish International bDevelopment Agency * hea)t§ cllnlc llvlqhtllnql' . m_l'c"un,"'



coumtry:  Mall (page 1)

MASTER PROJECT HATRIX

Produotion

Agricultural
roosusing

INPLENENTING
PROJECT HAME AGENCY DONOR

Mali Renewable | sheladia Asact USAID
Fnergy Project f Mali Solar Lab
Sahores Wind- | Catholic X x x x -
mill Project Rellef Serv,
"Fourneau Eco- | Catholic N
nomique” Proj. Reliaf Serv. x x .
Windmill for Peace Corps & ' e
Gardening Mal} solar Lab USAID X X Xt X
Photovoltaic Hall Aqua _ |
Water Pumps Viva X |x X X X
Rural Blogas [C,d'A.r.” & T 1 -1
Project Min. of R.D.? LR R X X
Snlar Rfgr'tn, Sun~lloe|‘l al,
LL'tng, rumping|Fac® & cES LR X X X X
Saherzes wind- [CHDT Village s -
mills/Pumping jAssociation x|x X X X X
Improved Wood- ] N
stoves Peace Corps x l x I x

]

Sheladis Asacciatas, Inc., [ormerly Solar Energy Rasearch Institute
Centre 3°'Animation Rural

Hiniatry of Rural Development

' Fonds d*Alde et de Cooparstlon

$ Commissariat a 1'Enerqle Solaire
‘ Compagnie Hallenne de Textile

Best Available Document




END-USES

. PROJECT HATRIX

-ENERGY SYSTEMS

 ———— e .

HASTER

PROJECT TYPES

a9

Agricultural
Processi

Product ion

Mt mng g,
L Man

Kolokani Hospi-jeilf

Maching:a.,
Aquicesls

-

mall fpamr sy

PROJECT MAME

tal PV Project Aquit.ine

8logas
Project

comTay,




MASTER PROJECT MHMATRIZX

ENERGY SYSTEMS

Agricultural
production Processin

.o
& c & -l \:
COUNTRY s gwanda KR T ES 5‘ ofe
TN RTINS
N INEINEIYE
INPLENENTING t/21s5/& 23 2/&
PROJECT NAME AGENCY DOKOR [2{3]&]4 £/8 /3
Muruntta Mission | Belgian Hian. X x .
small lHydro Catholique X ‘I*
Lake Ihema - ORTPN! and x | x x : I
Fishery Project | Belglan T.A. X X
Akagara Hotel pelgian Tech- x -
X ' X X 1
Salar Water litr.| nical Assat. . -
Ssmall Llvestock N 1t e
X1 X i
Development UNDP/FAO ok . X x
0 3 —]—
Renewable Energy| VITA , CEAER x [x]x X . x
Woodstoves & USAID .
Renewable Energy| CEAER & x x . - . ]
Rlogas USAID
—f—]
PV Refrigeration] Hercuria ot x x x x
e Lighting Rwanda (pvt.)
} office Rwandais de Tourisme et Parcs Nationaux ) % yolunteers in Technical Assiatance & various electrical uses

! peigian Technical Assistance $ Centre d'Etudas et d'Application do 1°Energie au Rwanda
’ aited Natlons Development Srogram .
and U. N.. Food and Agrigulture Organization

Ve



NASTER PROJECT HWATRIX

ENERGY SYSTENS

/ Agrlcultural
Production  Processing

BLULILE

PROJECT NAME L Mamyo (RN
Renewahle Sy . ' .
Enargy 1 o
Ban ak Suf-Pro-[Matmm Vary X x -
gramde Dif'slon |1 lada, virry f | *
Agrl./village o ’ A
(o X . b
wWater Project CARITA: ) X X x x cla
Riogas -l T - * - —
Dlgeaters CARITA: : ) x x . X x
liotel Palm Bch. . l ° .
solar Hot Water SIHAL ! X Xy X
Windmill Water-| o & 4 - —
‘| pamping Project| * x X . x x X
Soffretes Solar |SINAES & Vil- ‘e _':“ [~
Thermal Pumps |lage Councila =ik x : x X
Improved Coumla fiveyr, . ) - — . -
Cookstovea Peace Corps X b . x
- 1]

Station Solalre g
de Rt. Roland i _ X x X x x

i - _

! fnstitut de Technologle Alire:® e
? Contre d°'Etudes et da Roches-i- . sur les Energles Menouvables

} Soclata Industrielle pour 1'Application de 1'Energie Solaire
® ray Voluntary International Amsociatfon



PROJECT MATRIX

RASTYTER

rocessing

Agricultural
Production

x |
uuou.f x
ouou\.udww.«ooo
bhcw#-.é
b¢w- 5A&VQO L
g\bcwvnqa
9 _
¥o.
oy )
“03“0&“ .uhﬂq »
cOwooaw ON_ _
| g |
‘.
|
»
|
|
— _ _
|
_
L
! | .
i | |
b b
I R S |
I e
T L
il R R S R e
[ : i ' ' m |
Iow ! ' i ! | _
b b
i I o
P |
] [ ' joon
z .. ERN
-._ﬂ 0 ’ ! ’ ' g
< 4] ' .
A o
- 1
[ ] . ! . X
g 50 3 ! I3 .
£ S Z3 i :
3 M M.m - Wn.u.
- m xt = M. 2: "
E i w8 27,32 e
5 Eiiir:: m
m_ 2=, s ) !

A=¢

— e,
.

Inatitut Senegalaia de lechcrcho leflcolo. _



HASTER PROJEBCT MATAIX

ENERCY SYSTEMS

Agricultural
Production

rocessing

K-
4 -
: “3 e/ & i o/ n .:{" >,
HEEEEBEEHAEE
couTay:  Upper Volta { :'9 P $ 69 5. ;9 B I
SN EEHER
INPLENENTING g $/3 5:”‘7b""£“:~5&
PROJECT WAME AGENCY DONOR (335 (S S =G 5{I[E(&
vrl Fuel-eff1-] save the
cient Stoves Children J‘ — —
Faya thood xix b X
“tove Project Peaca Corps . VITA ?
— : 1 -
tannaye Solar MUFER® and x x b X X X by
temanstration HASA? USAID —
R
Apl. of Rlogas S x X
!ln ticro-teeigt O o ) _ _
a1 private x P X
Haalting individual - —
i R
[}
: -
I . - S

' Min’stere de 1'itydraul ique et d'Fquipement Rural
Natlonal Aeronautics and Space Administration

0\

:Appl lcatlon of Riogas to Micro-frrigation
Centre Interafricain d'Btudes Hydeaullques



B=-1

APPENDIX B
DETAILED FINDINGS

1.0 BACKGROUND ON ASSESSMENT VISITS

. Central to the development of this assessment's findings
were the visits of teams of AID/Washington, AID/REDSO and
contractor staff to the seven countries sampled--Kenya, Botswana,
Rwanda, Lesotho, Upper Volta, Senegal and Mali. To ensure that
teams asked the same questions of individuals contacted at
different projects in different countries, a comprehensive data
workbook and field inquiry methodology were developed by the
cecntractor, Assocliates in: Rural Development, Inc. (ARD). An
abbreviatad version of the field data collection and analysis
methodology is presented in Appendix D and the field data
collection data guide in Appendix E. A training session on the
assessment methodoicgy and use of the data collection workbook
was held in Abidjan, Ivory Coast from October 25 to 26, 1982,
prior to the first field visits.

During the two-week visit to each country, two- to tnree-
person teams-examined a wide range of installed renewable energy
Systems, as well as energy technology development laboratories.
The number and types of systems seen in each country are
presented in Figure 1. At all times, an effort was made to focus
on the performance, durability, -reliability and economic
viability of systems installed in the field, as well as social,
cultural and institutional factors affecting their use and
acceptability. As Figure 1 shows, the number of systems ‘visited
varied widely from country to country. Senegal and Mali account
for over 70 percent of all observations, primarily because of
their large wood stove dissemination progrcm. Unforseen
circumstances, such as a coup d'etat in Upper Volta, and the
amount of travel required accounted for the smaller number of
observations for some of the other countries. 1In one or two
cases, such as Lesotho, the use and testing of most RETs is Just
beginning, so there were few systems, or even prototypes, to
examine.

In zll cases, teams focused first on AID-funded
installations and then examined projects that complemented °
AID-financed renewable energy systems. Using the project
selection prccess outlined in Anpendix D, each team sought to
ensure a distribution of technologies weighted first toward
agricultural applications and then non-agricultural (mainly
domestic) uses of renewable energy systems. A complete listing
of the projects visited, along with the distribution of end-use
applications and technologies seen at each is provided in
Appendix A.
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Figure 1. 'Summary of the Number of Renawable Energy Systems

Observed by Fiald Team in Each Country

ENERGY SYSTEMS

-oa&.
Q
COUNTRY 5 £ ‘4}\?,&;90&00&»00 3 & b‘;\PO»& (¥
.0006 4 v ¢ 3 g % / oY ;‘{\bﬁ b‘)\}o / ‘&0{ { QO g r,o'\r. % 9‘ 000 g 6;,‘\
> y . > . Yy
'o’b A Q"ob Q‘*"b » Q:‘b‘ » q;*oqo & v‘f' oy “ iy 22 rornrs
Botswana 1 ) 2 2 1 1 ] 8
Kenya 11111 1 |1 ._1'= 1 {1 9
Lesotho 12 ' 1l 23] 4 w|1]3]a1 36
Mali a4 | 6 16 | 10 3 79
Rwanda . 4 2 1 4 1 1 13
Senegal 57 3 2 6 5 7 G 86
.—U-ppel’ Volta 8 _ 2 1 11
TOTALS 126 | 1 1 111 | 2142 |31] 2711 1 22| 2] 3] e 242

Note: Figures represent the number of systems observed,
A total of 342 systems were observed at 75 project

not the number of project sites.
sites,
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As emphasized by the senior management of the Bureau for
Africa from the initiation of this assessment, field visits were
not designed to serve as either formal or informal pro ject
evaluations. Teams were instructed to focus on renewable energy
Sys*.ms--their performance, problems and potential contribution
to the energy needs of ,each of the severn countries visited.
Projects themselves were examined primarily to establish their
relationship to the technologies, technology performance and
evolution of technologies to better serve local energy
requirements. Field teams also considered projects' capacities
to learn from their experience, and the results on project
monitoring, evaluation and management are presented in Appendix

2.0 GENERAL FINDINGS ON TECHNOLOGIES

The detailed findings presented in this section have btean
organized by end-use application. Since the renewable energy
systems examined were installed to provide energy for par‘icular
end-uses and a variety of technologies were being tested to meet
especially crucial energy needs (cooking, water pumping, etec.),
this organization seemed to fit the information needs of
decision-makers best. We will first summarize (1) how particular
technologies have fared in the field, regardless of end-use; and
(2) which applications appear most promising, cost-effective or
best received by local consumers. This section therefore first
presents information by technology for the four
multi-application, renewable energy systems most commonly
installed in Africa-<PV arrays, -wind energy conversion devices,
anaerobic digesters (bio-gas units) and solar thermal water
heaters. In addition, findings on fuel-efficient ‘wood and
charcoal stoves are discussed, as this was the moaf rnrevalent RET
examined by field teams. In each case, the teams' findings on
technology performanne will be explained briefly along with
trends in assessment, and applications that appear particularly
promising in African settings. It should be noted that a number
of RETs are not discussed in this section because (1) some were
never observed by field teams and so were not part of this
assessment; and (2) there were too few instances of other
technologies (see Figure 1) visited by teams to provide adequate
information for firm performance conclusions.

2.1 PV Arrays

PV panels instalied in Africa have excellent records of
field reliability, even in hostile environments, Teams observed
that the servicing required by PV cells is minimal, although
frequent washing does improve energy output, especially in
locations with a lot of air-borne dust. There were some problems
reported with failure of the plastic protective coating covering
the PV panels and peeling apart of the laminated PV cells
themselves, generally for systems installed before 1980. In e: -
case, the manufacturer or installer replaced defective units wiui .
newer ones, \
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However, PV-powered systems have not been without problems
rimarily in the failure of auxiliar equipment that uses the
array's ener output. Small-scale, surface-mounted, DC pumps
frequently neede repair or replacement because of problems
ranging from premature brush wear to burn-out of water-lubricated
shaft bearings. 1In one or two cases, the electronic control box
malfunctioned, interrupting system output. Surprisingly, there

was little discussion at the sites visited of problems with
storage batteries.

Most PV system development in the past five years has been
in matching auxiliary equipment to array output. As-a result,
commercial firms are now producing and selling pre-packaged,
modular units for most applications and a range of energy
demands. This development work has greatly lowered tne need for
a professional engineer's services when making procurement
decisions, so PV systems are accessible to a wider clientele.

Toda PV sysioms are commercially competitive with storage
batteries and diesel generator sets for a variety of remote,
small scale applications in Africa. Chief among these are
telephone communications, microwave repeaters, cathodic
protection for pipelines and _structures, medical refrigeration,
lighting for-private dwellings and clinics, and educational
"televisiun. PV units for these end-uses have been distributed
primarily by commercial sales from local African representatives
of U.S. or European manufacturers. In addition, teams collected
secondary data on more than 30 P¥ water-pumping installations,
mostly in Mali and Senegal, and a few large-scale systems
applied to grinding, village lighting and other larger loads.
These systems have been installed by foreign assistance groups or
private voluntary organizations for testing and are generally not

economically cempetitive with other technologies, such as diesel-
generator sets.

The future of PV systems for remote, small-scale use in
Africa looks bright for three reasons:

o the quality and quantity of solar radiation

o the lack of reliable centralized electrical‘gniﬁsglhi |
many location, and R N S R

o the small, but hignly valued, electrical loads found at
remote sites.

In recognition of this fact, PV firms are satting up substantial
distribution rnd instxllation networks, and are agressively
marketing systsms to private individuals, philanthropic and
foreign assistance organizations, and local government agencies,

| \¢
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2.2 Wind Energy Conversion Devicesz

Of the 13 wind systems examined in the severn countries, 11
were installed primarily to pump water for human and animal
consumption, while two were to generate electricity. Excepting
Lesotho, Botswana, and other scattered locations along Senegal's
coast or in mountainous regions, wind regimes are usually not
sufficiently strong and reliable for most comwercial, high-speed,
wind-electric generating systems. Low-cost, site-built
wind-pumping systems have been promoted and distributed in Mali,
but because of problems encountered in keeping these systems
operating, it is uncertain whether they will achieve widespread
dissemination without improvements in their underlying design and
construction materials. The Kenyan "Kijito" wind water pump is a
local adaptation of a proven European design. Produced at a
factory in Kenya and locally maintained, it has great promise if
marketing and financing can be arranged, Fartory-built, imported
fan-mills have also been installed, mainly through the
intervention of PVOs but it 1s not clear whether the price of
these units can be reduced enough for them to be cost-effective,
given the moderate wind regimes in much of Africa. There are
more interesting possibilities for wind pumps in southern Afrieca,
particularly Lesotho and Botswana, and prototype development is
underway for low-cost machines that can be mass-produced in these
countries. -

2.3 Anaerobic Digesters

Anaerobic dige ters (bilo-gas generators) have not been
Successfully operal .d on a continuous basis for significant
periods of time, much less disseminated, in the countries
visited. For the amount of energy produced, anaerobic digesters
are inherently complex and capital-intensive, particularly for
small-scale applications, such as a single family's cooking.

Even without the high capital cost, the daily inputs of water and
dung required for continuous operation are scarce in many :
African locations, and the daily filling of the digester and
effluent removal are time-consuming.

Most initial experimentation was done with Indian-deaigned
digesters. Recently, under the guidance of technical experts
provided by AID and other foreign assistance donors, successful
experimental systems have been built, as well as Taiwanese bag
digesters. These new systems may overcowme some of the major
problems cf the Indian design, including corrosion of the metal
gas-holder and scarcity of materials (e.g. steél) needed for
corutruction.

Anaerobic digesters are of great interest to laboratory
scientists and specialists, but have yot to be gonpled with
end-users who fin~ the system's output worth the capital expenase
and operating difriculties, The problem is partly one of sScalgw-=
laboratories and universities have been experimenting with small

\¢
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systems to learn how to build and operate them within capital
constraints, while the few African organizations or individuals
with money to invest and access to required feedstocks would bde
interested in large, commercial units. A digester may make
economic sense for large-scale farmers, livestock raisers or
feedlot operators, but there is no information available on how
many individuals in these categories would be willing to invest
the necessary capital and manpower to build and operate a system.

2.4 Solar Thermal Water Heaters

Active and thermo-siphon solar water heating systems have
been installed throughout Africa-~field teams observed examples
in Botswana, Lesotho, Mali, Rwanda and Senegal. Svstem
performance and reliability varied widely, depending on the
quality of design, fabrication and installation. While many
initial installations were domestic water heating systems for
expatriate workers and government officials, there are now
large-scale installations on hotels and hospitals that ecan
displace significant quantities of electricity.

One positive trend is that solar water heating is becoming a
commercial operation at a number of locations visited. Rather
than systems being built one at a time by university researchers
or government laboratory technicians, commercial installations
are factory-built and are guaranteed. More importantly, private
firms' installation crews are better trained and available for
follow-up visits in the event of breakdowns. One major complaint
about initial systems installed by government laboratories, even
when 3ystems were sold, is the lack of subsequent service.

2.5 Fuelwood and Charcoal Stoves

The findings on fuelwood and charcoal stoves have been
reviewed at length in the section on cooking (B-28-34), so only
the main points will be highlighted here. Fuelmefficient.stoves
have functioned well in both laboratory and village settings,
showing fuel savings of 20 to 40 percent. Actual field results
generally tended toward the lower end of this range, depending on
what was cooked, how {t was cooked, who cooked, and other
exogencus factors (See B-28-31). The main problem i{s that the
traditional cooking devices being displaced, while relatively
inefficient, have no purchase price and require little or no
maintenance. In additionm, cooking practices are adapted to the
traditional, "three-stone," cooking pit. Thus, to be readily
accepted, new units must offer the same conveniences, be lowe
cost, durable, save fuel or possess other advantages (less smoke,
plea?lng appearance, status symbol, less dangerous for ghildren,
eta.). :
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Some initial designs were derived from units built and
disseminated in other developing countries, the best examples
being the "Lorena" high-mass stove borrowed from Guatemala and
Hyderabad "chulas" from India. While offering significant fuel
savings, as well as secondary benefits such as external smoke
venting, these units have had mixed success in Africa. Some are
time-consuming to construct and require materials such as cement
that are beyond the means of rural families. Field teams also
found that subsequent follow-up is essential to ensure that
Stoves are being operated correctly and repaired when they crack
from cooking heat.

Widespread experimentation is now underway in Africa on
simple wood and charcoal stoves without chimneys. The modified
Jiko charcoal stove in Kenya is an indigenous design that is
starting to be mass-produced. The "Ban Ak Suuf" design from
Senegal and low-cost units developed by AID-sponsored proleets in
Upper Volta are fuelwood stoves that offer moderate fuel savings
with a lower capital investment and easy construction. At least
as important as the design, however, ia the diszemiration program
that introduces these units to acnsumers.. If the units work well
and women perceive immediate bonefs s vithout a great deal of
. additional work, dissemination can be quite rapid in a village or
neighborhood, according to experience reported so far. :

It is worth noting that there appear to be two types of
successful, efficient fuelwood stoves evolving in Africa. The
first, Jjust described, is aimed at low-income, rural consumers,
primarily village women who gather their fuelwood. The second is
2 more expensive, but far more durable, stove with a chimney,
constructed of materials such as concrete and steel reinforcing
bars by skilled masoas. Despite the higher initial cost, these
units are being sold to urban households and small businesses
that use wood to generate process heat (beer-makers in
particular). Purchasers of these stoves normally buy their
fuelwood and can finance the initial cost with savings from
reduced fuel consumption.

3.0 AGRICULTURAL PRODUCTION AND PROCESSING END-USES

While teams sought to ldentify the whole range of energy
systems being applied to agricultural applications, only three
distinct end-uses were actually observed--water pumping, milling
and crop drying. These are listed in Table B.1, along with the

technologies used in these applications and the number of
projects observed or visited by the teams.

M,



e

Table B.1. Summary of Agricultural Production
and Processing Application Installations

End-Use. ; . Energy System Number of Sys-

tems Observed
water ~ major: PV arrays 16
pumping®

wind fan-mills and wind 11
electric turbinae B

minor: hydraulic rams, selar . . 6
thermal, anaerobic digesters:

oo/ PV, anaerobic digesters, small-scale
threshing - hydro

community- | |

scale crop/ solar dryers

fish dr.ing o

#Includes irrigation, provision of potable water and livestock
watering. .
Because this assessment only included RETs, many foreign

donor-~-sponsored agricultural projects using small-scale diesel
pumps. mills, cultivators and threshers were excluded from consi-
deration. Consequently, this analysis places greater emphasis on
domestic applications, such as cooking. Nonetheless, a number of
valuable lessons were learned about the field performance of
certain technologies and the "fit" between individual power

" Sources, auxiliary equipment and the final need for energy in
these three end-use applications. Each end-use is discussed in
turn, and an effort is made to compare and contrast technologies
in terms of their reiiability, durability, matech of output with
demand pattern and cost-effectiveness.

3.1 Water Pumping

3.1.1 Major Technical rindings of the Field Teams

o A lack of easily obtained spare parts and train~d
repair personnel contributed to long periods of none
operation or system abandonment for all pumping
Systems, both wind and PV, (B-11 Rate of U''lization)
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(-} Insufficient attention to routine maintenance and
operator training were the chief causes of pumping
system failure for all technologies, closely followed
by poor matching of system components and lack of pump
protection from low water levels. (B-14) :

o Of the energy systems examined, PV arrays have the

- highest reliability for pumping, but overall PV system
reliability was hampered by poorly matched and
unreliable pumps and motors. (B-12-13 Reliability)

0. A number of users, donors and PVOs felt that the relia-
billty of PV for remote sites offsets its higher capi-
tal cost (relative to diesel units) for small, eriti-
cal, electrical loads, such as telecommunications,
lighting and potable water pumping. (B-19)

o Wind system reliability and durability varies widely,
according to the type of design and local wind regime.
Many systems were poorly designéd to withstand periodic
high winds and storms. (B=13)

o For irrigation pumping, only locally manufactured, site.
built, wind fan-mill pumps have a capital investment
-G0St as low or lover than small-sccale, diesel
generator sets, but both require constant repair and
maintenance. The wind units also have low water flow
rates at many sites. ]

©  Anaerobic digesters appear to be ill-suited for most
small-scale agricultural applications, but may hoi-?
promise for the provision of power for irrigation
"pumping and stationary power for large-scale farms and
feedlots. The application of hydraulic rams is severe-
ly limited by a lack of appropriate sites. (B-14,
B-17 .

3.1.2 Nature of tbz End-Use

Fleld teams found that the normal distinetion in
develooment planning betwcen potable and irrigation water
supplies simply does not apply in the countries visited.
Regardless of the water's end-use, wr. pumping systems examined
were medium- to high-head (15 to 6( usiers), low-volume tuba-
wells. Only one example of pumping large amount (over 100 cubie
meters) of inexpensive water from surface or shallow underground
Sourcea was seen, though this is common in parts of' Asia and
Latin America. Except for traditional, rain-dependent grain
production, the planting of cash crons by small farmers is
Planned only after a supply of irrigation water has been assured
through the digging of a well. For all these reasons, water
pumping for irrigation, livestock and human consumption is being
treated as a single subject in this swetion. If the ptmping
aystem was designed to funetion only during the growing season,
rather than year-round, this will be noted in the tuoxt,.
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Africans do not consider all water sources to be of
equal value. In a number of the seven countries visited, the
value attached to the source (whether for potable water or
irrigation) was reported to be dependent on three factors:

o Year-Round Availability -~ This is a highly prized
feature. It is, in turn, dependent a number of inter=-
related factors, ineluding seasonal fluctuations in
well depth, the aquifer's recharge characteristics,
daily and seasonal demand for water, reliability of the
pump's power source, pump durability, cost and availa-
bility of any fuel required, and amount of water
storage.

o Geographical Location -- What is important here is not
only how close the well is to users, but also where it
i1s located relative to other water sources. People
will use shallow wells close to their homes for potable
water until those sources are exhausted and then will
walk the extra distance to the diesel pump for their
daily supplies. Thus, even wells with mechanical
pumps, if located in areas with dispersed populations
and numerous shallow wells, are often used only
seasonally. -

o Water Quality -~ There is a value attached to water's
cleanliness and taste, but consumer preferences are
difficult to measure. Deep tube-wells, particularly
when they are cased and have a tight-fitting cover,
normally provide much cleaner and more sanitary
drinking water than shallow wells, which often suffer
from animal fecal contamination and serve as a breeding
ground for insects and parasites. There is often a
clear trade-off in the minds of water-bearers betwec i 2
hand-dug well nearby and a distant borehole--it may

‘require more time and effort to obtain cleaner water.

At most of the 33 pumping installations examined for
this study, water was of high quality, centrally located and
available year-round. These characteristics make the water very
valuable to local users, although it is difficult to assign a
monetary value to it, particularly when it i3 used for human
consumption. 1In Africa, water is usually a ma jor constraint on
all aspects of life--population growth, health services or
agriculture.

3.1.3 Technologies Applied to Water Pumping

The most common conventional systems encountered in the
seven African countries visited were: small-scale diesel engines
powering surface-mounted mechanical pumps, diesel generator sets
driving surfare-mounted or submersible electrical pumps, and grid

A
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electricity powéring a variety of electical pumps. All these
Systems tend to be quite small by world standards, rarely toppin
20 horsepower, due to the limited recharge capacity of many
African wells, which results in a drop in water level during
pumping. 1In addition, there have been significant efforts in the
countries visited to install, test and distribute small-scale,
renewable energy-powered systems, both for irrigation and potable
water applications. Of the 33 renewable energy-powared pumping
units examined,® the range of technologies used in the field or
laboratory tests include:

-

o] 16 EViarrays of French, Belgian and U.S. manufacture

o 11 wind turbines of the site-built, fan-mill type or
importgd, manufactured variety

© . 3 anaerobic digesters, being tested tdrpowgpthditiédl
gasoline or diesel pumps S e T

o) 1 hidraulic ram

o 2 'solar » thermal, flat-plate collectorsrpowéring

Rankine-cycle engines

Three summary notes should be made about pumping system
Sizes and configurations before discussing lessons learned from
the field visits. First, the systems examined, whether applied
to irrigation or providing potable water, are small in size and
limited in output. Of 33 systems, only two produced more than
S0 cubic meters per day (50 eubiec meters being 13,200 gallons).
The average daily output for the typiecal, 1300-watt, "Mali Aqua
Viva"™ PV system was 40 cubie meters when pumping a 20-meter
head. The average water output of the wind fan-mills observed in
Senegal and Mali is believed to range from two to eight cubie
meters per day, although it was not directly measured.

#It is important to note that field teams did not see all, or
eéven a representative sample, of renewable energy systems in the
countries visited. For e¥ample, one report noted that 30 wind
pumps were installed in Senegal, but the team only had time to
visit five. More than 35 PV-powered pumps have been installed
in Mali, but the team had time to examine only eight. This
problem of partial coverage applies .to all end-use applications.
A listing of the technologies to be found at each project is
given in Appendix A.
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Second, mcst of the renewable ener umping systems have
been in place for only a short while, relative to _their expected
life. Three PV pumps were installed between 1976 and 1978, nine
from 1979 to 1980 and the remainder from 1981 to 1982. Virtually
all the wind pumps examined were installed between 1979 and 1982,
although some commercial sales may have occurred before then in
Lesotho. All the anaerobic digesters are laboratory prototypes,
still under development, while the single hydraulic ram was
installed in 1982. The only exception is the ill-fated, French
SOFRETES solar thermal pumps, which were installed in West Africa
(primarily Senegal, Upper Volta and Mali) from 1974 to 1980.

Most of these are now broken down and abandoned, although some
did function reasonably well for three to five years. For the PV
and wind systems, many more hours of operation are required to
provide the needed information on System reliability and
durability. Nevertheless, some of the problems encountered thus
far and possible solutions are discussed below.

Third, many installations were undertaken without an
attempt, or even intent, to calculate costs or social viability.
In a number of instances, systems examined by the teams had been
installed as experiments, designed to try out a new technology
under field conditions--as a philanthropic service, missionary
outreach program or some combination of these activities. Even
where feasible, cost and performance data collection had a low
priority at most ot the projects visited. Thus, information
was not always available on the real cost of installations,
including design, labor, site acquisition, ete. While some
preliminary economic analysis appears in a subsequent section,
the limitations of the data should be kept in mind.

3.1.4 Reliability of Technologies

The sustained delivery of water from a field pumping
installation is a function of the reliability of two different
systems: \

o \ B
0-.. energy production technology--does it produce electri=-
. .cal or mechanical power output when required; and

‘«ffjjdf auxiliary power-conditioning and power-consuming o
L equipment--whether pumps, controls and motors funetion
when the power is delivered to them. J

Because field experience with these two system components is so
different, they will be treated separately below. Also, the
following section will examine whether the combined outages or
failures of the energy and auxiliary systems have affected water
availability when it 1s needed,. or if the reliability of the
water supply, inecluding water and electricity storage, has been
adequately matched to local requirements.

A
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As previously noted, three different energy
technologies were being tested or utilized for pumping water in
the countries visited--PV arrays, wind fan-mills and anaerobic
digesters. In general, PV arrays ex erienced the fewest problems
and had the highest percentage of energy availability. The
reliability of PV arrays was superior to other available
decentralized power Systems, including diesel generator sets and
batteries. This is not surprising, given that PV power systems
are basically manufactured, solid-state devices, with no moving
parts and limited local field adaptation. There were three
instances of preformance degradation reported, all in systems
installed between 1976 and 1979, but these appear to be problems
with early production runs and inferior-grade encapsultants that
have largely been corrected in arrays manufactured since 1980.
Even these degradation problems did not lead to an interruption
of power, but rather a reduction in systems' electrical output.
Energy availability from arrays observed in the field was
reported as five to eight hours per day (except in the rainy
seasons), with uninterrupted pumping of four to six hours per
day. The AID-sponsored project in Tangaye, Upper Volta, reported
that the pump was available for operation 97 percent of the time
when the sun was shining during the first two years of operation,
and a similar level was achieved in the 18 months following
alteration and doubling of array size.

Hind systems had a more mixed reliability record than
PV arrays. They ranged from factory-produced systems usually
from South Africa, Italy, Australia or France, although units are .
now produced in Kenya and assembled in Senegal) to low-cost, site-
assembled units fabricated from wood, recycled machine parts and
other local materials. Factory-built, "Kijito" wind water pumps
produced in Kenya using a local adaptation of the ITDG model,
appear to be reliable and virtually maintenance-free. Site-built
systems require frequent attention and often ingenious local .
improvisations to keep them- operating. Examination of the daily
log kept by a cooperating PCV on a series of locally fabricated
"Sahores" windmills in Mali showed weekly or even daily repairs
that had to be made to the windmill/pump assembly, usually due to
breaking, cracking, or bending of differcent wooden and iron
pleces of the drive-train assembly. The same log noted that many
of the required repairs for the transmission and power train
could be made on the spot by local mechanics and operators, or at
most, required service by a nearby welding shop.

A second problem with the wind systems examined was
faulty design, often due to inexperienced staff and a lack of
accurate, site-specific, wind data gathered prior to installation
of the unit. While this led to some difficulties caused by
insufficient wind speeds, a much more serious problem is the lack
of adequate built-in protection against periodic storms and high
winds. 1In two instances, it was reported that towers were
damaged or knocked over by wind gusts. In addition, systems to
feather the :lades and brake the turbine during period of high
wind were sometimes ineffective in preventing damage to the drive - d\
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system. At one site, the windmill was taken down during the
rainy season to prevent damage from storms. While designs have
been altered in the field to accommodate these conditions, many
are still in a phase of adaptive research and development rather
than being widely disseminated, despite some favorable economic
indications from early installations. '

Experimental anaerobic digesters (bio-gas generators)
were being tested for water pumping in Botswana, Upper Volta and
Mali. 1In all cases, there were more prototyne development
exercises than field demonstrations. No data on the amount of
water pumped could be found for any of these installations, and
little can be said about the long-term reliability of the
systems, either in terms of the amount of gas produced, its
availability when pumping is required or qualiity as a fuel for a
modified diesel of gasoline engine. It should be noted that
Indian-style bio-gas systems seem to have very limited
application for any end-use in colder regions of Africa,
particularly mountainous regions, as in Lesotho. It has been
observed at these sites that cold evening temperatures year-round
and low daytime temperatures during the winter months strongly
inhibit gas production, even with good design and operation.
Chinese-style digesters may have greater success, if they can be
buried in the ground or insulated in some other way. High-cost
construction and operation would probably be raquired for
success., '

The overall performance and durabllity of the water
pumping systems examined was high, given adequate maintenance.
In all the irrigation and potable water pumping systems observed,
pumps and motors (if electric) were the weakest system
components, Just as they are for diesel systems. There appeared
©o be four different reasons for pump degradation or failure, the
most lmportant being the use of inferior components or units not
originally designed for the particular renewable energy
technology. For example, from 1976 to 1979, existing pumps were
often coupled to early PV arrays although the motor/pump's
technical characteristics were not well-suited to the daily
fluctuations in input current from the array, peak ampeérage,
etc. Certain European systems had particularly unfor*unate
matches between the PV array's output characteristics and motor's
operating requirements. 4s a result, pumps failed wit  less than
2,000 hours of operation. Even when these early pump-sets did
not completely fail, they were less efficient and/or durable than
other commercially available units, thus reducing the amount of
energy produced by expensive PV arrays that was actually
available and used for water pumping.
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Sacond, spare parts and routine maintenance materials
were often not provided by the manufacturer, resulting in long
outages in water supply even for minor problems (seals, brushes,
etc.?. Some pumps were out for two to three months awaiting a
replacement pump or part, and waits as long as six months were
reported. :

Third, routine maintenance for pump and motor is
essential if the system is expected to last, whether it is
powered by PV, wind or bio-gas. Many moving parts of surface-
mounted motors require weekly greasing or oiling, while seals,
belts and mechanical connections require adjustment and checking
on a semi-monthly or monthly basis. The most successful pump
installation programs--such as Mali Aqua Viva or the CARITAS
program in Senegal--have professional installation and
maintenance teams plus trained local operators who perform
routine cleaning and lubrication. The Sahores windmill program
in Mali carries this one step further by teaching future owners
not only how to operate the System, but also how to construect
them and fabricate spare par:s. Without this attention, small
problems quickly lead to excessive wear and pump failure,

Lastly, three pumps failed prematurely because the
water level in the well fell below the pump, leading to a loss of
. lubrication and overheating of the pump. This was due to either
poor system design (not allowing for annual fluctuations in well
levels) or over-puamping of the aquifer when too large a motor/
pump set was installed. With the exception of the PV
installation at Tangaye, ‘Upper Volta, early pumping systems
examined had no low-water, shut-off mechanism to automatically
stop the flow of power to the pump when the water fell below safe
levels. In fact, one French firm threatened to void it, warranty
if the user in Mali installed his own low-water, sk t-off sensor,
despite the fact that none was provided with the unit.

While pumps were the major cause of system failure,
there were also material and component problems for each of the
energy technologies. As already noted, early PV arrays,
manufactured before 19380, had problems with discoloration of the
encapsulant surrounding the cells and, in consequence, loss of
light transmission and powsr. Most ma jor manufacturers have now
substituted glass for the earlier resin and polymer encapsulants,
solving this problem.. One major U.S. manufacturer had difficulty
with a loss of power from arrays due to thermal stressing within
the modules and a subsequent lack of electrical contact. This
was rectified in subsequent production runs by using a different
substrate material.

Wind systems naturally have problems of frictional wear
and heat-induced degradation since they derive power from moving
air via spinning and rotating parts. Bearings, rotor blades and
drive shafts appear to be particularly susceptible to early
fatigue and failure. However, these problems are well under-
stood, and wind turbines built today have long life expectancies,
if care is taken in design and installation.

A
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Bio~gas plants, examined in Mall, Senegal and Botswana,
displayed a number of problems even when installed in a labora-
tory setting. Indian-style digesters, with floating steel gas-
holders, show rapid corrosion of the steel and subsequent gas
leakage, if the holder is not sealed initially with a heavy,
asphaltie, rust inhibitor or Scraped and repainted every year.
Chinese digesters have other problems--principally gas leakage,
1f the dome is not carefully constructed and tightly sealed.

3.1.5 Matching Qutput to Demand

For irrigation, the ideal pumping system uses the water
as it is lifted by the pump, thus eliminating any storage of
electricity or water and the costs associated with such storage.
With diesel and small, grid-powered, electrical pumps, matching
can be achieved simply by operating the unit during the morning
hours. The total elimination of storage was rarely attempted
with the renewable energy systems examined.

For PV systems, particularly deep-well models, some
battery storage is normally included to generate the initial
power required to start the pump in the morning. As many
analysts noted, the inecidence of Sunshine in most arid Afriecan
countries corresponds quite closely to the period when irrigation
is needed most. Barring a breakdown in the pumping system or a
loss of power from the PV array, there appears to be an excellent
match between the amount of water needed for irrigation and the
output of this energy technology. Nonetheless, storage tanks or
ponds are often installed to ensure continuously available water,
despite system failure, cloudiness or abnormally high dcmand.

For PV-powered, potable water pumping systems, a good
fit between demand pattern and water availability can usually be
ensured by using an "on-demand" supply system, as was installed
at the AID-sponsored unit in Tangaye, Upper Volta. People draw
water, normally from a supply tap connected to a storage tank,
and the pump or battery is activated to refill the tank when the
water falls below a preset level. Water 1s available to
consumers whenever they want it. There is also some flexibility
in expanding or contracting the available supply on a daily or
seasonal basis, within limits imposed by the well's recovery rate
and the maximum daily power output of the PV system. .

For wind pumping systems, matching the amount of water
produced to the demand pattern, whether for irrigation or human/
livestock consumption, is much more Site-specific than for PV or
diesel systems. In addition to being governed by characteristics
that affect all pumping installations--total statiec head, pipe
diameter, well recovery rate, ete., output depends greatly on the
daily and seasonal pattern of the local wind regime. If wind is

\/\



consistently available each day, or even several days a week at a |

sufficient velocity, a combination of water storage and direct
pumping can provide the water required for irrigated agriculture.
S8ecause of the critical nature of water avallability in potable
applications, wind installations often combine water storage for
a day or more with a back-up unit, such as a hand pump. This
assures a ready supply even if there is an extended calm period
or failure of the wind turbine or pump.

Normally, continuous feed bib-gas digesters (such as
the laboratory medels observed in Botswana and Mali) have enough
stored gas, accumulated in the gas-holder over 24 hours or
longer, to permit several hours of operation of an irrigation
pump upon demand. However, this is dependent on a continuous
supply of fresh manure and water, commodities that are often in
short supply in African farming districts. Since most bio=-gas
driven pumps run on a mixture of diesel fuel and bio-gas, less
fossil fuel is displaced than with wind or PV units. All the
Systems observed were still in the prototype development stage,
aad thus, were not actually pumping water on a regular basis.
Batch digesters, such as the French prototype installation
observed in Upper Volta, have the additional problem of large
variations in gas output during the course nf producing each
batch, normally a period of 50 days. This requires substantial
storage capacity for either gas, as in the Upper Volta case, or
pumped water to smooth out the dramatic changes in gas prod=-
uction. Either storage solution, employed to make gas available
when needed for irrigation, is very capital-intensive and
'nereases the system's cost and-complexity drastically,

3.1.86 Rate of Utilization

' Regardless of technical performance and durability,
technologies cannot be considered disseminated if they are not
being actively used, maintained and repaired. Technology
implants ,"parachuted" in by government agencies or foreign
donors witin no local involvement, local capital investment and
trained operators in the area, last only so long as the donor
provides the required maintenance, spare parts and fuel, if any.
The system is used until the first problem arises and then
abandoned, if outside assistance is not continued. To avoid this
problem, some organizations, such as CARITAS in Senegal and Aqua
Viva in Mali, provide all the maintenance and repair staff
required for their PV and wind units. The most famous examples
in West Africa of the problems created by a lack of attention to
repair and maintenance are the French SOFRETES solar thermal
pumps. Inherently complex and difficult to k2ep in operation,
they were also plagued by a lack of in-country spare parts and
training for local repair personnel. Six of the seven systems in
Upper Volta were not functioning, and many had been out of
commission for periods of three months to two years.
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Second, an energy system can function admirably and be -
well-maintained, but still not produce a service considered B
~necessary or valuable by local users. In such cases, the system
will probably be under-utilized relative to its potential

output. Water is an extremely valuable commodity in most of
Africa, and pumping systems are kept running and in heavy use.
Some wells received two to three time the estimated demand during
the dry season, although there was no evidence that water systems
designed for potable water could have produced more, if they
pumped steadily throughout the daylight hours into additional
storage tanks or ponds rather than functioning on a "demand"
system. Such extra water could be used for livestock watering or
the irrigation of high-value erops, such as vegetables, near the
well. Another possibility is that the electrical power produced
when the pump is not running can be stored and used for other
applications--lighting, small-scale cottage industry, ete. This
multi-purpose approach has been tried in several recent PV
installations with great success.

3.1.7 Cost-Effectiveness

Given the limited data collected in the.field on the
water output and costs of operating wind, PV and anaerobic
digester systems, only broad—generalizations can be made about
the comparative economic viability of the various renewable
energy technologies. Where there are good wind regimes,
fan-mills appear to be cost-competitive with conventional
teehnologies available for irrigation pumping, such as diesel
puwp-sets. Low-cost, site-built“windmills, such as the Sahores
units in Mali, have initial capital costs as low or lower than
diesel units, but the field team could not locate reliable data
on their daily water output. Thus, no cost per cubic meter of
water pumped could be calculated. Given actual capital costs
from 1978 to 1947, water pumped by PV systems cost 40 to 60 cents
per cubic metzr in Mali and approximately 30 cents per cubie
meter in Senegal, even when capital costs were amortized over 10
years at 10 percent interest and systems were assumed to operate
365 days a year with no maintenance costs.® No field data were
available for pumps powered by anaerobic digesters, although pro=-

*For Mali, a capital cost of $30,000 to $40,000, amortized over
10 years at 10 percent interest, yielded a yearly investment of ;
$6,000 to $8,000. Water output averaged U40 cubic meters per day
or 14,6000 cubic meters a year. For Senegal, at Samane village,
a capital cost $64,000 gave an annualized investment of $12,800;
water output is 117 cubic meters a day or 42,700 cubic meters

per year, e
/\\
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Jections for the large experimental unit in Upper Volta, designed
to power perimeter irrigation, indicate higher values per cubic
meter of water than for existing PV systems. :

The true proof of the cust-effectiveness of
technological alternatives for irrigation pumping is that wind
systems are being commercially built and sold in Kenya, imported
units are being 30ld in Lesotho, and elsewhere, active workshops
for constructing site-built units are in operation in Mali and
Kenya. Neither PV Systems nor anaerobic digesters are being sold
to commercial farmers, rather private volunteer groups and
foreign assistance agencies are purchasing them.

On the other hand, the subsidized market for PV systems.hj

to provide small-scale, potable water pumping appears to be
strong. Funding agencies that paid for the initial two dozen
installations in Mali, Senegal and Upper Volta are quite
satisfied with performunce and plan to purchase dozens of
additional units in the near future. It is difficult to
calculate economioc returns for this application, since the water
fs not sold--its provision is a function of government or private
volunteer organizations, rather than any market transaction.

3.2 Grinding and Milling

3.2.1 Major Technical Findings of the Field Teams

o The reliability of the renewable energy-powered milling
operations examined compares favorably with commercial
mills run on diesel fuel and grid electricity. (B=21)

o Commercial millers in Africa are experienced in machine

operation and maintenance, and have no difficulty
transferring these skills to mills powered by renewable
energy systems. (B-22)

0 Non-economic factors, such as fineness of the flour
output and the mill's ability to grind a variety of
foodstuffs, often had as much to do with high
utilization of the mills observed as low milling
prices.

o) It is difficult to assess the economic viability of the
Systems observed for two reasons--the renewable energy
systems were usually gifts from outside donors, so
capital costs were not considered in loecal financial
calculations; and prices for milling services were
often established arbitrarily by local leaders or
project managers, without regard to capital costs,
operating expenses or the need for future system
replacement. (B-23)

2



T 2.2.2 Nature of the End-Use

Grinding is the process of reducing a substance to
smaller pieces, generally by the friction of two or more
revo.ving plates or stones. Milling is a specific type of p=
grinding that involves the reduction of grain to flour. e
According to millers interviewed by field teams, the factors most
important to the design of milling or grinding svstems ara. R

o) nature of the grain or other foodstuff (nuts, seeds,
o desired fineness of the end product, and
o  desired grind;pg rate.

These three factors are highly interdependent. For example, the‘¢

moisture content of the grain feedstock directly affects the
maximum milling rate, Similarly, the finer the end product
desired, the slower the grinding rate. For this assessment, it

is important to note that the finer the grinding or milling, the

more energy is required per kilogram of final product. This
energy must normally be in the form of high-torque, rotary !
motion. -

» preparation of many staples in
the African diet. Without it, certain common foods and grain
varieties would be virtually inedible due to their protective
shells or the extremely dry state in which they are stored. When
grinding grain such as millet, a high value is assigned to very
fine flour, and consumers are willing to pay an extra 25 percent
or more for this particular service.

Grinding is essential to the

3.2.3 Technologies Applied to Grinding and Milling

Grinding and milling can be powered by a variety of
energy sources. In African commercial operations, diesel units,
electrical motors using grid power and draft animals are typlecal
power sources. Generally, power is fed into a burr mill, which
crushes the grain or other foodstuff between rotating millstones
or metal grinding plates. However, burr mills cannot produce
very fine flour without excessive wear on the grinding plates.
Hammer mills, which employ cutting knives that rotate rapidly,
can accomplish a variety of tasks too difficult for burr mills,
including very fine grinding and the de-hulling of certain
grains. Unfortunately, hammer mills are more expensive than burr
mills, usually imported and consequently, found less frequently

at small-scale, African operations. For instance, there were no

such mills in the area around the Tangaye PV milling operation.

Several renewable energy systems can be used to power
milling systems. Outside Africa, windmills have been used for
centuries to grind grain directly into flour, as have several
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types of water wheels and turbines. Only four grinding projects
were observed in the field by assessment teams, including three
water-driven mills--one each in Kenya and Rwanda, and one under
construction in Lesotho. 1In addition, there was a large PV-
powered unit in Upper Volta. Laboratory prototypes were also
being developed, including an internal combustion engine fueled
by bio-gas in Mali. ' U

3.2.4 Reliability of Technologies

The water-mill demonstration project in Kenya was the
only project observed that is designed to use direct mechaniecal
power from a renewable energy source. Fabricated almost entirely
from local materials, the original unit was in operation for 23
years until 1981, when several worn wooden components were
replaced with steel parts. At present, the system operates 28
days per month. Since there is no electricity available in the
area, the only alternatives to the mill are hand-grinding or a
five-kilometer trek to the nearest other mill. The mill has
become an important asset to the village, especially because it
benefits small-scale landowners and lower income households.

In Rwanda, the Murunda Belgian Cztholic Mission has set
up a small hydro system for the generation of electric power, a
rortion of which is used by a grair mill. A 'small grid dis-
tributes power from the 75=-kilowatt, cross-flow turbine at a rate
of 11 cents per kilowatt-hour (the price of electricity from the
national grid is 13 cents per kilowatt-hour). The milling
Sservices are widely used and have achieved general acceptance in
the area. Private, personal use of electricity from the minigrid
is low among local citizens due to high hook-up charges.

The small hydro system at Thaba Tseka, Lesotho is
designed to produce 3.8 kilowatts of electricity from a Pelton
wheel turbine. The power will be directed exclusively to a local
grain mill, half a kilometer away, via an overhead line. The a
Pelton wheel, generator and controls are in place, but at the
time of the site visit, the grinder had not been delivered, so no
reliability data were available. At present, the system can
operate at only S5C percent of its rated capacity due to
inadequate information from the electrical equipment manu- '
facturer. Other problems, such as a lack of technically quali-
fied personnel and electrical equipment breakdowns, have resulted
in project delays. There are indications that local people:have
given up on this unit--the chief of a neighboring village
believes it will never be finished.

The large PV installation at Tangaye, Upper Volta has
been thoroughly studied and documented. The 3.6-kwe system

provides power primarily for a three-horsepower hammer mill, as

well as a village water supply and lighting for the mill. O0f the
total 3,848 kilowatt-hours produced from March 1, 1979 to March

29, 1981, 2,838 or T4 percent were used by the milling machine,
440 by the water pump and the remainder for lighting, distributed
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as 120-volt DC power. . Since early technical problems with the PV
array were solved and the system expanded to double its original .
size, the mill has been available for grinding over 90 percent of
the time and for longer periods to meet the strong local demand
for the fine flour produced. '

In grinding, the reliability of the total system hinges
on the durability of the grinding devices employed, which is
linked, in turn, to both the product's initial design and the
frequency of cleaning and maintenance. The initial design and
siting may be a constraint in certain countries because of the
specialized skills involved. For example, the siting and
construction of even small-scale hydroelectric generators
requires a thorough understanding of hydrology, geology and civil
engineering. The initial design, based on commercial milling
considerations, may also affect long-range economic viability.
Mills are usually located on a main road or near a major
commercial center. Hydroelectric sites, on the other hand, are
often inaccessible, particularly for the constant transportation
of commodities as bulky as grain and flour. Therefore,
waterpower is converted to electricity and transmitted to the
mill site. This process results in some inefficiencies in the
conversion and transmission process, requires additional éxpense
and introduces sources of system failure in the added electrical
components. '

For both PV- and hydroelectric-powered systems, the
long-term reliability of the milling operation depends partly on
the availability and affordability of spare parts and replacement
units. In most cases, all of the power system is imported from
the industrialized world, often over very long and circuitous
supply routes. This can mean long delays in making the system
operational again after a part gives out unless prior arrange-
ments are made for an in-country stockpile of parts.

Most African milling operations are operated by teams
of experienced, skilled professional millers who have a vested
interest in keeping the machinery operating. They know how to
perform preventive maintenance and understand the importance of
replacing parts to keep producing flour. Millers at the sites
visited had no difficulty managing renewable energy-powered units
and found them as easy or simpler to run than small-scale diesel :
mills. ‘

3.2.5 Matching Output to Demand

The output characteristics of the two commercial techno-
logies used for grinding--PV and hydroelectric turbines-- vary
widely, both on daily and seasonal bases. PV systems only
produce power during the daylight hours and may have reduced
output levels during periods of cloud cover. Storage, in the
form of batteries, may be included to increase the daily length
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of system service, but they greatly increase system cost, by as
much as 40 percent, and introduce a ma jor potential source of
unreliability. With its expensive’ battery storage, the PV system
installed in Upper Volta can continue grinding well into the
evening hours until the millers shut down to preserve the battery
charge or allow continued operation of other higher priority
devices, such as the potable water pumping system. Hydro power
is subject to major seasonal variation, and there may also be
short-term variations in water flow due to sudden rainfalls.
Large hydroelectric installations solve this problem by storing
water in reservoirs or ponds, allowing excess water to spill out
harmlessly when there is an oversupply and acting as a buffer
during short dry spells. None of the three systems examined had
such reservoirs.

3.2.6 Rate of Utilization

Since grinding is normally a commercial operation. The-

demand upon a particular installation depends on its cost to
users, as well as the perceived reliability and quality of
.service. Cost issues are discussed in the following section.
Besides these three key factors, institutional and organizational
variables also affect the extent to which grinding facilities are
used. 1In Lesotho, the water-powered system is run in batch mode,
producing up to 400 kilograms .a day. The decision to use batch
mode was based on customers' desire to receive flour ground from
g?eir own grain, rather than just a commensurate amount of

our, .

Anvther important factor in the utilization of a
renewable energy technology is the overall belief in or
acceptance of the system by local users (i.e., does it provide
something useful). There are indications that local people in
Lesotho have given up on the small hydro unit after repeated
delays caused by technical difficulties. In contrast, the
milling unit at Tangaye has been integrate into the life of the
local community. According to the NASA report of February, 1982,
"A great deal of credit for the successful and prosperous
operation of the system has to be attrihuted to the pride the
villagers have in the (PV) system." The grain mill powered by
electricity from a small hydro system in Rwanda has also achieved
general acceptance in the area, even though few residents can
afford to use the electricity produced by the same turbine in
their homes.

3.2.7 Cost-Effectiveness

Limited cost and performance data were availalle for
~only three of the five grinding projects--the hydro systems in
Lesotho and Rwanda, and the PV system in Upper Volta. A general
discussion of these systems' capital costs wouldd be misleading
their costs may not be comparable to those an African buyer would
find in a competitive market.

3\



, . The charge of seven cents per kilogram for grinding ia
Lesotho was based on comparable local prices. In Upper Volta,
the price of five CFA (1.4 cents) per kilogram was selected by
the village council. The criteria for setting this price were
not clear to the assessment team, since it is about half that
charged by a local miller who uses a diesel-pcwered mill. Still,
the main attraction of the Tangaye mill is not just its low cost,
but also its ability to grind unhulled grains and produce a high-
quality, finely ground product. The price of grinding at this
mill is apparently unrelated to capital or operating costs. In
contrast, the hydroelectric mill in Rwanda is financially self-
sustaining, including salaries and the amortization of capital,
at a price of four cents per kilogram, which is considered
arffordable by most users. However, it would be inappropriate to
draw sweeping conclusions from Just these three cases, especially
in financial terms.

3.3 Crop and Fish Drying

3.3.1 Major Technical Findings of the Field Teams

0  AS solar dryers are still at an early stage of
prototype development in Africa, there is no good
information available on future economic viability,
?urabiléty or even acceptance by potential users.

B=25-26)

o] Laboratory testing and initial demonstrations of solar
dryer prototypes in Africa indicate potential economic
viability in projects designed to produce cash crops,
?hieg%y dried fish and fruit, for commercial markets.

B-2

o Many research prototype solar dryers were developed
- with little effort to define potential users or consult
them on important limiting factors, such as allowable
investment costs, market product differentiation,
consumer taste characteristics, etec.

- Consumer acceptance of the final dried product is often
i as jimportant as the unit's technical performance.

76[ - Higher market value, increased marketable yield and
- lower insect infestation are the ma jor benefits
perceived by end-users oft successful prototypes.

o Since the traditional alternative drying technique--

‘ open-air, sun drying--has no capital costs, solar-
drying systems must either be very low-cost or Co
perceived by users to have substantial economic and/or
social benefits., .

7
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3.3.2 Nature of the End-Use

The drying of agricultural crops, fruit and fish is
practiced in all the African countries visited. Normally,
.produce is spread out on racks or mats in direct sunshine to dry,
lowering the moisture content of the food to the point where
spoilage and rot are significantly retarded. There are several
problems with sun-drying that can lead to post-harvest losses and
serious health hazards. First, food may begin to rot or spoil
during the sun-drying, thus reducing the final amount of food,
seeds or fish that can be stored -for later use or sold. Second,
the market price of each remaining unit may drop because of
product degradation that occurs during sun-drying, especially
when sunshine is intermittent. Third, sun-dried produce often
suffers from serious insect and vermin infestation. This is a
particular problem with fish and meat, with vermin transmitting a
number of serious diseases and parasites to comnsumers. Fourth,
post-harvest losses can also occur when the exposed food is eaten
by animals or scattered by the wind.

3.3.3 Technologies Applied to Drying.

Stn-drying, salting and smoking are the techniques
usually employed to preserve food in Africa. 1In addition,
commercial operations may employ large-scale, enclosed dryers
that use hot air and/or smoke, produced by the combustion of
wood, agricultural residues, coal or possibly petroleum
products. The combination of techniques used in any given
applicaticn is governed largely by the local availability of
fuel(s), the value added by the .drying or preservation process,
and local tastes. Consumer preference is a particularly
important factor. For example, smoking normally alters the
taste, color and texture of the foodstuff. This is considered
desirable for certain products, such as fish, some meats and a
few fruits, but it is unacceptable for other crops and in other
locales. N

\

There have been a limited number of renewable energy
Systems applied to the problem of drying fruit and fish in
Africa. The field teams examined, or at least discussed, four
.different solar drying projects<-two in Senegal and one each in
Lesotho and Rwanda. Other projects were studying the possibility
of burning bio-gas or agricultural wastes for dryingz, but no
prototypes or field installations had been made. The solar dryer
prototypes examined varied in size and-configuration, ranging
from a commercial-scale system planned for fish and vegetables in
Senegal to small, family-sized, fruit-drying units being fileld-
tested in Lesotho. Most of the systems, even those developed by
the long-standing, solar-drying project run by CERER (Centre de
Recherche sur les Energies Renouvelables) in Senegal, are still
in the development stage.
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3.3.4 Reliapillty of Technologies

The durability and reliability of solar food dryers is
directly related to materials used. Unfortunately, this in turn
directly affects cost-~the more durable the system, the higher
the front-end capital cost. .This is a problem primarily because
the standard for comparison, traditional drying techniques,
require virtually no initial investment. 1In Lesotho, the first
solar dryer prototypes were built with metal frames. While
extremely durable, the units were too expensive--even the
smallest systems cost more than $35. At the time of the team's
visit, experiments were.underway to evaluate the performance of
less expensive materials (inccluding cardboard) for the unit's
frame. In other cases, the reverse oceurred-=the project moved
to more expensive materials to improve performance. For example,
sawn lumber was substityted for sticks to improve the seal
between the frame and plastic covering. Also, the polyethylene
that had been used as glazing was to be replaced by more
expensive Tedlar to reduce the progressive loss of solar
transmissivity due to discoloration from ultraviolet radiation.
In all cases, solar dryers are still in an experimental stage, so
little can be said about long-term system reliability and
durability in the field. '

3.3.5 Cost-Effectiveness

In the countries visited, there is a demand for techniques/
devices that can reduce .the loss of crops during processing.
Regrettably, field teams did not-observe projects that were
generally analyzing benefits or reduced losses in a clear,
methodical manner. 1In general, benefits from drying vary widely,
as a function of both seasonal differences in sunlight and
harvest, and the market value of the food being dried. For
example, in Senegal, there was a ma jor institutional problem in
the lack of market differentiation rfor solar-dried produce.
While consumers and local observers clearly preferred fish dried
in solar units because of its freedom frém spoilage and insects,
merchants sell the traditionally processed and solar-dried fish
mixed together, so consumers cannot choose the solar-dried
product, even for a premium price.

Similar mixed results occurred in Lesotho and Rwanda,
and local development workers were divided over the perceived
value of solar food dryers. Some felt that any device which
increases food production is of great value, while others argued
that the bensfits do not justify the costs incurred. Solar food
dryers must undergo substantially more field-testing and
marketing analysis before their potential value can be accurately
estimated.

/



4.0 NON-AGRICULTURAL END-USES

In seven countries visited during the assessment, five
distinet non-agricultural end-uses were served by technologies
examined on site visits. (Potable water supply pumping is
discussed in section 3.1.) Table B.2 lists those end-uses in
oreder of frequency, giving the number of projects addressing
each end-use and the specific technology options being employed.

Table B.2. Summarz of Non-Agricultural Application

Installations

End-Use : Energy System Number of Sys-

, , 5 tems Observed
cookingl ; bio-gas, metal/earthen biomass 156

B . eook stoves, solar cookers
water heaﬁihg " active and thermo-siphon solar 22
systems

lighting  ° blo-gas, PV units 13

food drying - family-spai; solgrﬁ{qéﬁ;d;iébif;

space heating/ paSSivé”é&ié?&iaﬁét;ﬁéfidﬁ},

This section discusses each end-use and compares the
relative success of renewable energy systems in meeting the
requirements of each. Overall, non-agricultural applications of
renewable energy systems have received more attention than
agricultural applications in the projects visited. In large
part, this is a reflection of the important role of domestic
energy supply for the people of these countries. In addition, it
reflects the determination of many major public and private
foreign z3sistance donors in Africa to target projects on the
basic human needs of the rural and urban poor. Energy for food
preparation and other domestic chores is a basic need for all
Africans. The way in which it is acquired and used affects the
causes and consequences of deforestation and desertification;
opportunity costs to individuals and communities of gathering
fuel; availability of capital to invest in new energy systems;
secondary, non-energy related qualities of traditional energy
systems; rural vs. urban implications of energy scarcity; and
seasonality of energy demand.
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‘Cookiqg

4,1.1 Major Technical Findings of the Field Teams

In rural areas where they have been introduced very
simple, site-built cook stoves without chimneys are
often rapidly accepted because of their low cost, ease
of construction-and insensitivity to minor fabrication
errors.

Laboratory and field tests have found fuel savings of
20-40 percent for improved cook stoves. However, user:
sometimes adopt a woodstoves for other reasons-- free-
dom from smoke, decreased cooking time or as a symbol
of modernity. '

People who purchase, as opposed to gathering, fuel are
more likely to invest in a fuel-conserving cooking
device. The more they spend on fuel each month, the
?ore %ikely they are to seek an energy-conserving unit.
B=27 . S

Small-scale entrepreneurs and businesses that urchase
fuel are among the first to adopt fuel-efficient wood

and charcoal stoves. Individual entrepreneurs who use

wood, charcoal, dung or agricultural residues--beer
makers, street food vendors, small restauranteurs,
potters, laundry operators--require large amounts of
fuel on a daily basis. They usually purchase this
fuel, rather than gather it. With a cash income, they
have the capital to invest in an efficient stove, oven
or kiln, and being substantial fuel consumers, their
use of a fuel-efficient device will produce an
immediate, measurakble decrease in local firewood,
charcoal or fossil fuel use. Since they serve the
public directly, (nvolving small-scale entrepreneurs
also has a salutory. demonstration effect--other
potential technology users can see the unit in use.
For all these reasons, this group is one of the early
participants in and logical targets of stove
dissemination programs.

Characteristics considered desirable in a cook stove
vary drastically from location to location, based on
the foods being cooked, manner of cooking and/or

stirring, fuels available and customary location of
cooking chores. (B-30) ’

0\
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Earthen and metal cook stoves have been successfully
adapted and disseminated on a small seale in a number
of locations, while there has been little dissemination
or even successful field testing of anaerobic digesters
(bio-gas) for cooking. The high capital cost of bio-
gas units makes them prohibitively expensive for indi-
vidual families. (B-34)

Some solar cookers performed well technically, but were
not observed to have overcome a host of social,
cultural and practical problems to achieve any good
level of social acceptance. (B-34)

Since current cooking systems in all the countries
visited--"three-stone"'cooking pits or recycled, tin,
food containers--have no capital cost, new fuel-effi-
cient stoves must have either virtually no purchase
price, obvious fuel and time savings or other
advantages to gain wide acceptance.

The economic pay-back on stoves for users -varies
according to the cost of fuel. In most ¢ases,
especially in urban areas, the pav-back period is
relatively short, in some cases as little as three
months. However, in rural areas where available
capital is extremely scarce and wood is gathered,
stoves must be built primarily ef low. r0ost, locally
available materials with subsidized or free labor.

Even when functioning properly, improved wood stoves
may not greatly reduce total fuel consumption. ‘Users
may opt for more cooking, water heating, ete. and
consume the same amount of fuel, thus improving life in
?aysubesides reduced fuel gathering or purchase.

B-34)

Even using the same stove design in the same area of a
country, different organizations had varying success in
their dissemination efforts. The strategies and
organizations found to be most effective include:

== programs that included continuous follow-up with
stove owners;

4

== nongovernmental and private volunteer agencies,
sometimes linked with a government program, that had
previous consumer extension experience;
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- projects. that involved people from the village in
- building the stovesj and | o
== project staff involved with the stove work libfagf

permanently in the village or area. aE

0 Projects that have active user involvement have a -
greater probability of widespread technology adoption,
partly due to proper operation and maintenance.®

Assessment teams found that every country visited had RET
projects aimed at using biomass fuels (wood, charcoal, dung, crop
residues) more efficiently opr directly displacing fossil fuels
(kerosene, propane gas, butane) used for cooking. More projects
(21) are oriented toward cooking-related end-use problems than
any other single domestic activity, and over 75 percent of the
renewable energy systems observed are used for cooking. Informa-
tion brought back by the assessment teams offers some per-
spective on the nature of cooking as an end-use and problems that -
arise when matching different energy systems to cooking needs.
The data also provide some indication of whether certain energy
systems can favorably affect energy use in cooking applications.

4,1.2 Nature of the End-Use

In the seven countries visited, cooking technologies
vbeing developed muut respond to-a variety of cooking needs.
Specifically, there are four sets of factors which the assessment
found to require attention during the development of cooking
technologies and that can drastically affect public acceptance ‘of
individual units. These are briefly outlined below.

Cost of Traditional Cooking Systems

Throughout the countries visited, the traditional
cooking system in either the "three-stone" method or a recycled
metal food container. 1In either case, the "system" is usually
free. Fuel availability and price, rather than the cost of the
traditional cooking system, is an important concern of families
and small businesses. Thus, in order to be widely adopted, new
cooking systems must be very inexpensive, while at the same time,
promising obvious fuel savings or other advantages. ‘

*In Senegal, village women trained to build stoves for their own
use had a 25 percent higher rate of stoves "built-and-stillein=-
use" compared to those built by professional male masons who
received the same training.
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Food Types and Special Cooking Considerations

Certain foods (for example, b.ans and maize) in these
African countries require long cooking ‘imes. Some staple foods
such as toh made from millet in Upper Volta and Malt, require
active stirring during preparation and are commonly cooked in
large metzl pots. Thus, cooking technologies must be durable,
stable and capable of providing substantial heat for long
periods. This is especially true for larger units and commercial
Systems-for example, when making beer or peanut oil, village
women keep a fire going most of the daylight hours. On the other
hand, cooks may also want a stove that can warm small quantities
of food or liquid quickly for rapid cooking at certain times of
the day, such as breakfast tea in many rural areas. The design
problems in creating a single unit that can handle all these
constraints are formidable. ' Some projects have begun successful
work on developing separate stoves for a single family, each
serving a different purpose. '

Cooking Fuel Availability

The range of fuels used in these seven countries
includes dung, wood, crop residues (e.g., millet stalks, rice
husks), charcoal, kerosene, butane, coal and propane gas. In
every country visited, wood, charcoal or dung are the prinecipal
fuels. Petroleum-based and fossil fuels 1zust always be
purchased, often at high prices.. Thus, projects have attempted
to either displace the petrcleum-based and fossil fuels now used
(five out of 21 projects) or inerease the combustion efficiency
of biomass conversion Systems--wood stoves, “or example (16 of 21
projects).

Indoor/Qutdoor Use

In locations with a change or seasons, consumers place
a higher value on stoves that are portable, as they can be used
indoors when it is cold or rainy and outdoors when hot or dry.
In addition, there is a comfort issue in terms of both space
heating/cooling and traditional cooking practices. It also
points to the secondary benefit of traditional cooking systems
that provide heat as well as light. '

4.1.3 Technologies Applied to Cooking

The range of technologies for cooking applicatibﬁ§;
examined by field team includes:* ' A AR e DT

o earthen stoves for burning wood, ddnéff&ﬁbpfﬁé#i&ﬁéQ;
ete.--126 instances; Ly R R e

0 bio-gas units of Chinese, Indian,’ Zairian and othesr -

modified design--26 instances, most. of which were in
laboratory settings; ‘ R A



“W7f77§dlar cookers--three instances; and
o metal stoves for burning charcoal--one instance.

Based on data collected in the field and an analysis of
local cooking requirements, the performance of a number of
different cooking technologies up to date of the site visits
(November, 1982) can be reviewed. However, the ability to assess
the success or failure of these projects in meeting African
cooking needs is limited by:

o] the fact that half the projects are in the very early
stages of implementation (10 out of 21), and in many
instances, the technology being used is a prototype
(six cases); and - .

o a lack of data regarding:

== actual fuel savings of installed'systemstih”fﬁéffff{
 field, : o
- == actual energy syétem costs, exclusive of
extraordinary, one-time charges, and

== the value of labor and opportunity costs, when, for
example, a female head-of household spends one out
of every four days collecting fuel for cooking.

~ == the amounts and percentages of fuel saved during

' household as opposed to laboratory use are
uncertain. Measurement nethods are not
standardized. Improved woodstoves show savings in
the 20-40 percent range, with actual field results
generally tending toward the lower end of this range
depending on what is cooked (hard beans take a long
time), how it is cooked (covered or not?), who cooks
(does the kitchen helper have an incentive to save
fuel?) and other exogenous factors.

%*These represent a very small sample of the number of installed
Systems in the seven countries. According to CERER, more than
5,000 "Ban Ak Suuf" wood-conserving stoves have been installed
in Senegal alone, and over 1,000 modified Lorena stoves in Upper
Volta. Low-cost, commercially available, charcoal stoves also
received ljttle attention from field teams, partly because they
are not being developed or disseminated by foreign assistance
projects. :
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Earthen and Metal Stoves

In general, efforts to disseminate earthen and metal
cook stoves that burn wood, charcoal, crop residues (e.g., millet
stalks) and animal dung are underway and presently experiencing a
fair degree of success in some places. However, conclusive

evidence that any of these energy systems markedl lowers
domestiec fuel consumption in the field is available only for
earthen stoves in Senegal at this time. .

The weakest element of woodstove programs, and that
which gives the greatest cause for doubt as to prospects for
widespread impact, is the problem of dissemination. Whether made
on site by users, volunteers o= commercially-motivated masons,
mudstoves are prone to "design drift" - small variations in
design going farther and farther from the laboratory model and.
reducing the performance efficiency. Standardized mass
production, as in the case of the "Jiko" stove, can prevent
this. Other obstacles to widespread use of improved stoves -
economic, social, cultural - are far from overcome. Until they
are, the impact of improved woodstoves on fuelwood consumption is
likely to be modest. : Lo

Occasional reports of success give grounds for
optimism. A detailed energy survey recently conducted by the
U.S. Peace'Corps found dramatic differences for Senegalese
families whose fuel consumption wasz being monitored. For
example, in the village of Ndieye Sefour, seven families who were
already involved in the energy survey, built and adopted "Ban Ak
Suuf" stoves. Average wood consumption for the seven families (a
total of 82 persons) dropped from 139.7 kilograms per day to 53.3
kilograms after the stoves were installed. While this decrease
does include some seasonal variation (villagers use more wood
suring the coldest winter periods for space heating), the change
is dramatic. If a fuel savings of 30 to L0 percent is assumed,
rather than the 55% figure found in Ndieye Sefour, each of the
5,000 "Ban Ak Suuf" stoves has the potential to save .5 to .7
kilograms of fuel per person per day. The total fuelwood saved
by the initial stoves would amdunt to 25 to 35 metric tons per
day, assuming 10 persons per household. In addition to the -
Senegalese studies, there is evidence that secondary benefits,
including the creation of Jobs and easier cooking procedures,
have resulted from several earthen cook stove projects in Upper
Volta, Senegal and Mali. ‘ '

Earthen and metal stoves have been the centerpiece of
projects in Mali, Rwanda, Senegal and Upper Volta. In these
countries, 72 percent of the stoves examined by field teams were
being used, and a total of over 8,000 had reportedly been built -
by the projects. 1In Lesotho, Botswana and Kenya, considerable
work is now being done on stoves, but primarily in prototype
development and testing. The following tentative lessons can be
drawn from the earthen and metal stove projects visited.

o\



=

-} The construction quality of all stoves is directly

s related to the level of training and follow-up assis-
tance given construction personnel. Poorly constructed
stoves deteriorate quickly, yet even well-built stoves
often need repair--thus, the importance of continued
technical assistance for repair and use.

o Poorly built and protected earthen stoves typically
have a very short life span, usually less than one
rainy season. A damaged or poorly constructed stove
may consume as much or more fuel than a "three-stone"
cooking arrangement.

o Average fuel savings documented by this assessment
range from 10 to 30 percent in the field and 20 to 50
percent in the laboratory. So far, too little effort
has been made to document the overall impact of stove
projects on users and the environment. This should
change as projects mature. ‘

Numerous dissemination strategies are available for
fostering widespread stove adoption or purchase--government
extension programs, voluntary agencies, local village
organizations or councils, and the private sector via
individuals, stores and companies. It appeared to teams that
variations on all these alternatives will likely be tried over
the next few years, but it was too early to determine any clear
trends. :

Commercial and industrial applications of energy-
efficient earthen, concrete and metal stoves appeared quite
promising in several of the countries visited, despite the
relatively high capital cost of large units. Commercial users
generally purchase fuel and have access to the funds requried to
make capital purchases. For example, the Peace Corps project in
Kaya, Upper Volta had sold 23 large concrete "dolo"--commercial
beer-making stoves--at $60 to 380 per unit and had requests for
more, as the women who operate small breweries purchase large
quantities of wood and can recover their investment in a few
months. Besides breweries, other large-scale wood and charcoal
consumers that might be willing to invest in fuel-efficient
devices inzlude bakers, potters, commercial laundries and
restaurants. .

Solar Cookers and Bio=Gas

The other two energy systems applied to cooking--bio-
gas and solar cookers--are at a much earlier stage of prototype
development, and units installed thus far are uneconomic or poor
ly matched to this end-use. For example, solar cookers work best
at noon when there is ample sunshine, while most domestic users
cook early in the day or in the evening. This is particularly
true in rural areas during the planting and harvesting seasons,
when adults work in the fields all day and may not return home at
noon. In general, solar cookers have not met with success.

[
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: Bio-gas units typically have high construction costs,
and require dependable supplies of dung and water, which are not
readily available in most African countries in the amounts needed
to fuel such systems adequately. Thus, a major issue with bio=-
gas is the scale of units in terms of both user costs and fuel
supplies. Limited diffusion potential may exist for larce-scale
units of commercial size (e.g., for large farms).

4,2 Water Heating
4.2.1 Major Technical Findings of the Field Teanms

o Locally built solar water heaters have not been a ma jor
Success in the countries visited for a variety of
technical and economic reasons. Commercially installed
and/or imported units have often been received quite
successfully. (B-36)

o] Domestic solar water heaters displace substantial

amounts of imported oil or eleectricity, since they are -

installed primarily as replacement units by affluent
fesidints and expatriate foreign assistance starfe.
B=-37

o In several cases, locally produced solar water heating
Systems have been unable to compete with imported
systems in cost or quality. (B-36)

o] The success of any individual domestic solar water
heating system depends on the components' quality (lack
of design and manufacturing defects), care taken during
installation and availability of qualified maintenance

° and repair personnel during subsequent operation.

o] Large-scale, institutional, hot water users (e.g.,
Schools, hospitals, clinies and hotels) are interested
in purchasing solar systems but require ease of
operation and reliability equivalent to current water
heating systems, which are primarily electrical.

Most appliances designed for cooking may also be used to
heat water for domestic use, including such devices as tradie
tional cookers ("three-stone" arrangements or metal paolas, used
in Lesotho) and modern substitutes (e.g., Lorena stoves, stone
paolas, solar cockers). The issues surrounding the use of tradi-
tional cooking devices for heating water are much the same as
those discussed previously for cooking--high fuel use, deforesta=-
tion, time required for gathering fuel, etc.--except that the
economic and social value of domestic hot water is lower than
those associated with the provision of cooked food.



Only four projects (in Mali, Lesotho, Botswana and Senegal)
were observed where devices were being employed solely ‘or
domestic water heating. The domestic units observed are used
primarily by high-income loecal households, government officials
and expatriate workers. Water is typically heated in low-income
households on stoves, also used for cooking. These generally
produce less hot water than solar heaters, since water heating is:
only a secondary result of cooking.

Two ma jor experiments in institutionil-scale applications of
solar water heating were observed, each with very different
results. In Rwanda, a Belgian firm installed a 150-square meter
solar heating unit on the Akagara hotel in Akegara National Park.
Installed in April, 1979, the system is running well, displacing
120,000 kilowatt-hours of electricity each year by producing an
average of 14,500 liters of hot water per day. It is locally
regarded as "successful," and other hotels have expressed inter-
est in acquiring a similar system. In contrast, a very large
system (520 square meters), installed on the Palm Beach hotel in
Senegal in May, 1981, was temporarily out of order when visited.
Assembled locally, the system displaced 300,000 kilowatt-hours
per year. However, there were design problems and no guod pro-

- gram for routine maintenance and operation had been set up, so
required repairs werre taking a long time.

4.2.2 Nature of the End-Use

Hot water is used in _African homes primarily for
bathing, making beverages and washing clothes. It is generally
considered a second-order energy need in that it can Se reduced,
deferred or elimated, as required. The exception is brewing tea
or preparing other hot drinks--a nightly ritual after the main
meal. In low-income homes, the traditional method for heating
water is the same as for cooking and uses the same fuel (dung,
wood, crop residues or kerosene). High-income households and
institutions usually employ electricity for water heating. Thus,
any RET designed to provide household electricity (small-scale
hydro, PV, wind power) is also a potential source of heated
water, depending on the electricity's cost and other demands for
it in the home.

. In institutions, hot water has a variety of uses,
including bathing, washing clothing and dishes, and food .
preparation. For sanitary reasons, many African schools and _
hospitals require large quantities of hot water. 1In some
commercial applications, such as laundries, hot water is central
to the operation of the business. This hot water is currently
provided by the combustion of wood or charcoal, or in a few
instances, electricity.
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4,2.3 Reliability of Renewable Energy Technologies

Some design and manufacturing problems were evident in
Several of the solar hot water systems examined. In Lesotho, for
example, several units developed leaks when the seal between the
panel and inlet or outlet pipes corroded. These units were
manufactured by a well-known, reputable, foreign firm. Still, a
large number of properly designed, built and installed systems
were giving satisfactory service in this country. A distributor
in Botswana, who originally manufactured solar water heating
Systems locally, is now importing them. In Rwanda, a local
energy research center installed several solar systems for
commercial and institutional use, a number of which malfunctioned
shortly after becoming operational.

It has béen*pdssible to import, install and maintain fu
larger-sized solar hot water Systems made in Belgium at a lower .
cost than locally designed and manufactured units. (See also B-45

- Private Sector Manufacturing).
: |

4,2.4 CostJEffectiveness

The domestic solar hot water sytems observed typically
displace electricity as the energy source. Therefore, cost-
effectiveness is a function of the local cost of electricity
-and average amount of hot water used. Sometimes domestic systems
are built in newly constructed homes, so the cost of the system
alone is difficult to determine. Solar water heating systems
visited in Botswana cost at least $1,000, and the government is
actively promoting their use in middle-income housing. However,
an attempt to install these units on low-income, government-
sponsorel housing failed. when residents objected to an additional
morithly rent charge of five dollars to cover the cost of the
Systems. In Lesotho, electricity is inexpensive--only five cents
per kilowatt-hour. There is, however, a high political cost
since all electric power is imported from the Republie of South
Africa and subject to disruption or interruption.

In Senegal, units costing 31,400 are estimated to save
1,300 kilowatt-hours per year. At the lowest block rate of 10
cents per kilowatt-hour, the simple pay-back period is eight
years. However, this price for electricity is partially
subsidized. The true cost is estimated to be about 20 cents per
Kilowatt-hour, so the pay-back period in terms of social benefits
and costs is only about four years.

High initial costs, long pay-back periods and a low
level of perceived need for hot water have put solar water
neating systems out of reach for low-income households. However,
in the countries visited, high-income homes generally consume
more energy than low-income households, Reducing their demand
should make more energy in conventional forms available to low=-

O
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income people while lowering the balance of payment requirements’
for imported energy. : ' g L

4.3 Space Heating
4.3.1 Major Techniecal Findings of the Field Teams

) Where the climate is appropriate, the provision of

' space heating by passive solar building design and
improved, fuel-efficient stoves addresses a high-
priority energy need. (B-39)

o) Initial information on performance, economics and use?
acceptance seems promising for these technologies.,

Space heating is an important energy end-use in two of
the countries visited--Lesotho and Botswana. Electric resistance
heaters and coal-burning metal stoves are used by urban residents
in both countries. Although reliable data on current use levels
of these relatively expensive conventional fuels are not avail-
able, teams were informed that such space heating is becoming
more prevalent. Rural residents use dung or wood for heating at
certain times of the year. Due to either a lack of readily
available traditional fuels or money to buy commercial fuels, few
urban or rural residents presently have space heating. However,
recent survey data from both countries indicate that people
strongly perceive a need for space heating and would prefer to
have warmer living spaces during the winter. Summer cooling is
not expressed as a strongly felt need.

In both Lesotho and Botswana, AID-funded projects are
the main source of activity aimed at improving space heating,
although stores carry South African coal stoves at what are
considered high prices by local people. The AID projects are
mainly concerned with passive solar housing design and
secondarily with ucing stoves as cooking/heating devices, though
the high costs of coal, wood and dung, combined with the low per
capita income, indicate a rather limited role for increased use
of heating fuels among the majority of the population.

Prototype passive solar buildings and a variety of
standard housing designs have been produced by AID's RET projects
in both Lesotho and Botswana. 1Initial calculations based on
these designs show potential fuel savings for space heating
ranging from 40 to 95 percent, with a much higher comfort level
(an important bz=nefit in itself). Estimated pay~back periods for
the additional costs of insulation and passive solar design ~un
from four to 17 years, depending on the design. Buildings are
currently under construction by both projects, but the final
determination of feasibility and economic viability can only be
determined by several years of adequate data monitoring and
assessment of user acceptance. Based on field teams' review of
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designs, and given positive field tests and acceptance, passive
solar buildings could have a significant long-term impact on
comfort and energy savings in these countries.

4.4 Lighting
4.4,1 Major Technical Findings of the Field Teams

O  Small PV lighting systems are commercially viable in
' virtually all the countries visited. They are cost=
effective alternatives today for sma'l institutional
users and expatriate workers, not connected to an
eletrical grid, when other alternatives are diesel
generators or storage batteries. (B-40)

o Properly designed and installed PV lighting systems
have records of power availability that approach 100
percent. Their record for reliability is being used as
a major marketing tool by private-sector PV distribu-
tors and manufacturing representatives.

-0 In remot2 locations, PV lighting systems are more
reliable and trouble-free than other options, despite
the need for batteries and control devices. For this
reason alone, they are the system of choice for health
clinies and other emergency services.

Energy for lighting is considered a second-order need
by most low-income rural residents in the seven countries
visited. Light is provided primarily as a byproduct of the
evening cooking fire, although kerosene lamps and candles are
used to some extent in more affluent areas. Urban residents,
expatriate workers, government officials and major institutions
are the major users of evening lighting, both electrical and
kerosene. Hospitals that have emergency clinics, maternity
services and evening hours also require reliable lighting
systems. Rural schools and community centers actively seek
lighting equipment so they can conduct adult literacy and
extension classes in the evenings. ,

Assessment teams found that PV systems are already
commercially available throughout Africa for a number of low-
deman”, remote, electrical applications, including tele-
communications, cathodic protection of structures and pipelines,
microwave repeaters and refrigeration, but especially lighting.
Purchasers of the lighting systems examined were mainly small-
scale health clinies, schools, government stations, PVOs and
resident foreign assistance specialists or expatriates. While
most owners were enthusiastic about using a renewable energy
system, their decision to invest was largely financial. First,
operating costs for a small-scale diesel generator or kerosene

W



lamps were prohibitive, Second, local supplies of petroleum L

products were unreliable, thus requiring expensive stockpiling to

ensure lighting availability, Third, lamps and generators S
require substantial wmaintenance, repair and spare parts--ma jor:
problems at remote sites.

5.0 PROJECT MONITORING AND EVALUATION

Since the first AID renewable energy projects and technolo-
gles were initiated four to five years ago, the ma jor focus has
been on developing feasible technologies for site-speceific condi-
tions in African countries. Effective monitoring and evaluation
is essential to this end.

As most of the projects and sites visited by teams were
pilot projects, the majority of activities and technologies
were in a research and developmen:z phase. Those which had moved
to demonstration in the field were generally still under
development in that further adaptations were being made to both
the technology and dissemination strategies. Even when a
technology had been proven or estadlished elsewhere in the wourld,
changes in design for local conditions and to adaress end-use
issues are usually essential. At only 23 percent of the 75 sites
visited were the particular technologies in a dissemination phase
-- some of the cook stove programs, for example, as well as
certain windmills and solar water heaters.

In pilot projects, monitoring and evaluation needs to be
"feasibility"-oriented, which means employing real data from
projects' technical output, supplemented by socioeconomic data
and supported by strong reliance on users' opinions. Naturally,
laboratory development work requires sound scientific procedures,
as well as thorough testing and evaluation.

5.1 Major Technical Findings of the Field Teams

o Monitoring and evaluation for the most part concentrated
heavily on technology performance, somewhat less on soecial
angucultural acceptance, and almost not at all on cost. (See
B-

0 Of the projects that seemed to be progressihg in the suc-“f
- cessful application of technologies, all were engaged in-
some form of monitoring and evaluation.

 oi Over half the sites did no£ report or evidence substantial
technology development. Of these, 89 percent did not have.
any type of monitoring or evaluation activity,

0 Energy laboratories and prototype development workshops,

’ particularly those making the most progress in technology
development, carried on the most extensive monitoring and
evaluation of technology performance.
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,d H4'Laboratories that had a good working relationship with a
' field-oriented organization had the highest percentage of
successful demonstrations.

(o] Most projects used only ad hoc financial/economic
information and assessments, not formal financial or market
evaluations, when making decisions about technologies.

o Although dissemination activities apre at an early stage,
all those visited (except most commercial sites) had some
form of monitoring and evaluation effort.

The feasibility of renewable energy projects and technolo=-
gies can be evaluated in terms of: ' o

o0 technical performancé,

0 economic performance,

0 social adaptiveness,

‘0 organization structure and managenment, and*
o di;;emination requirements,

A technology or strategy is not ready for widespread dissemina-
tion until there is strong evidence that satisfactory solutions
have been found for any problems in the first four of these five
areas. Most RETs observed by the teams acre in an early stage of
development for at least two, if not all five, areas. Hence, at
the project level, the need has been for field-testing and feasi-
bility analysis in an iterative evaluation process.

The assessment asked two questions on evaluation:

© What mechanisms currently exist in projects visited o
that allow for accurate menitoring and evaluation of
installed renewable energy systems?

o What means are there to permit modifications of
technologies or project elements to take advantage
of lessons learned from the monitoring and evaluation
of the economic, technical, institutional and social
performance of installed energy systems?

The first questions probes the extent to which formal
monitoring and evaluation is intended to be part of ongoing
projects and is, in fact, being carried out. Teams observed
highly mixed results for this question. Of 72 project/technology
site visits, 62 percent had formal monitoring and evaluation
systems designed into the project, 24 percent had informal
monitoring systems by design, and 14 percent had no system at

\'\3
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all. 1In the formal Systems, analysis was being carried out on a
Systematic basis and written reports produced. For the informal
Systems, data were gathered in 4 Systematic manner and decisions
made based on that information, but evaluative reports were not
written, nor was a pre-designed, Systematic, analytical method
used.

The second question concerns whether lessons are being
learned and progress being made?

In order to measure progress, teams gathered data on change
in designs and activities made by research and development, fiel
demonstration, and dissemination projects. Of the 55 research/
development and field demonstration sites, 41 percent had made
design changes a a result of. their monitoring and evaluation. 0!
the 17 dissemination projects, 35 percent had changed aspects of

their strategies based on monitoring and evaluation data.
No changes were reported or obsarved for research and develoo-
ment, field demonstration or dissemination projects that did

not have monitoring and evaluation systems. 4

Although recorded information on project changes was not
available .for all the sites visited, there were adequate data to
establish a relationship between monitoring and evaluation
activity and positive project changes/developments.

Based on data from the site visits, 73 percent of the
projects that appeared to be making progress had formal
moitoring and evaluation systems, and 27 percent had informal
systems. Thee projects were Systematically attempting to learn
and, thereby, advance through decision-making and research and
development to succeed in technology dissemination. On the other
hand, 89 percent of the projects that did not evidence proogres
had no formal or informal monitoring and evaluation system of
activity, and the remaining 11 percent had only informal systenms.
If they were learning or progressing at all, they were doing so
in disconnected, unsystematic ways.

One-clear conclusion is that a monitoring and evaluation
System i{s important to maximizing progress. The extent to which
progress was due to good project managers versus monitoring and
evaluation systems is unclear, but both are probably requisite
elements for progress. The assessment also found that the,
existence of a monitoring and evaluation system did not
necessarily mean project personnel were using it. However, the
reasons for such situations lie in project design and
management--issues beyond the Scope of this assessment.

In general, it is clear that the most dynamic projects have
been consciously collecting and recording findings, and using
what they have learned to choose and improve technologies, and
develop dissemination Strategies. Informal Ssystems, while not as A
W/

AN
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useful in providing outsiders with information, often seemed to
Supply project staff with sufficient data for technology develop-
ment and progress to continue.

In considering both formal and informal systems, field teams
attempted to evaluate the degree to which information was being
used and integrated into the decision-making process, thus
leading directly to project learning and development. Four key
areas were chosen for close examination to determine whether
mon;toring was ocecurring and the resulting information was being
used: .

o fleld-testing or performance monitoring of installed
technologies, : )

O design changes in technologies,
o dissemination strategies.

The following discussion presents field teams' findings on
monitoring and evaluation in these critical areas.

5.1.1 Performance Monitorinz and Field-Testing

Assessment teams found that field-testing and
performance monitoring were most. thoroughly executed by renewable
energy laboratories and projects having a research mandate.

. Sometimes this involved an effective combination of a research
laboratory and another organization that gathered data while ' @
working in the field on demonstration/dissemination. Such
cooperative efforts seem to work well and show promise for
addressing the major weakness of laboratory or research projects.
These work well in controlled settings, but do not focus
adequately on field activities, occasionally to the extent of
engaging in research/ prototype development activities that are
theoretically interesting but have Little relevance for country-
specific applications. Of the energy laboratories that were
demonstrating or disseminating technologies in the field, all had
a good relationship with a field-oriented organization.
Conversely, of the laboratories whiech were not successful i{n the
field, even though they might have developed interesting
technologies, none was reported to have a working alliance with a
field-oriented group. ‘

. Only half the research and development projects,
including most of those funded by AID, were using field data from
Systematic monitoring efforts as an important element in making
progress with technologies. Many improved designs and
demonstration/dissemination strategies were based on data from
Systematic performance monitoring. In instances where progress



did not appear to be occurring;
interrelated factors? Lo

1t was due in most cases to thre
0 inadequate available field data,

O no systematic evaluation procedure in place, 333755:

O no analysis of technology performance. | “

5.1.2 Design Changes

As previously noted, design change in both laboratory
Prototypes and field-testing/dissemination efforts are clearly
related to systematic monitoring and evaluation. Occasionally,
design change occurred as a result of informal observation or
analysis. But, in the opinion of the assessment teams,
projects/sites demonstrating the greatest degree of design
innovation and adaptation evidenced a st.rong analytical and
monitoring component in their management. However, monitoring
and evaluation procedures are clearly only part of what is
required for successful design development--competent project
personnel are needed, too.

5.1.3 Financial and Economic Evaluation

Assessment teams found the financial and economic
evaluation of technologies to be weak or absent.
Informal, ad hoc assessment seemed to characterize much of the
evaluation on the financial and economic attractiveness of
technologies under development. Teams found that although donor
and site personnel were aware of the importance of technologies!'
economic attractiveness, project decisions about which
technologies or designs to pursue or disseminate did not usually
take costs and benefits (in the sense of solid analysis) into
account. Much more needs to be done in this area.

5.1.4 Dissemination Strategies

Dissemination strategies are only beginning to be used
by some of the projects visited. In most cases, projects are in
a stage of development that is too early for them to be
undertaking much dissemination. However, where dissemination was
occurring, teams observed monitoring and evaluation efforts., Of
the 17 projects reporting dissemination activities, 12 (71
percent) had formal monitoring and evaluation systems, while the
other five (29 percent) had informal systems. AID stove projects
often had good monitoring programs. (It is important here not to
confuse good technical maintenance programs with monitoring and
evaluation. They are completely different.)

Q
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. The potential importance of monitoring and evaluation
systems for effective dissemination is shown by the lack of
follow-up, maintenance, and monitoring and evaluation observed at
the failed projects and by unusable, installed technologies
visited. There usually had been no systematic attempt during the
project's 1life to analyze the situation at these sites. A good
monitoring and evaluation effort might have prodced information
to permit learning and successful changes in dissemination
strategies, or even earlier, in technology design or choice. For
example, teams observed a monitoring and evaluation effort for 35
percent of the 17 dissemination programs which allegedly had
prociuced key modifications in dissemination strategies. As
previously stated, many of these 17 projects are just beginning
dissemination, and hence, it is too early to determine the
effects of their monitoring and evaluation systems.

Assessmer: teams found wide differences in the degree
to which various projects, donors and government organizations
were learning and using monitoring and evaluation systems.

Whether the result of monitoring and evaluation
systems, institutional competence or good management, the most
learning occurred in situa€ions that included formal monitoring
and evaluation efforts. For all those projects (both AID and
other programs) that did not appear to be learning much, the
chance for any systematic analysis of presently installed systems
is rather doubtful, unless improvements are made in how data are
gathered and organized. Without such improvements, analysis in
these projects will continue in an ad _hoe,informal, impres-
sionistic manner, and an adequate level of learning will probably
not be achieved.

6.0 ROLE OF THE PRIVATE SECTOR

The current and possible future role of the private sector
in renewable energy systems varied significantly across the
countries visited and technologies reviewed. There are five
potential areas of involvement:

© manufacture--design and fabrication of units by either.
local firms or joint ventures of a loeal firm and it
foreign partner; k*; Dol

Systems to private and/or government customer;;:jffi,

0 marketing and distribution--sale of renewable,eﬁﬁ?éiﬂffﬂ

o installation, maintenance and repair; '_7f>'

© purchase of units--commercial purchase by pfikﬁﬁé;nse 13
with or without subsidy; and R S

0 commercial utilization--system use in commercial

enterprises. ‘é@
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For the first three areas, the private sector acts as éj"ﬂ,m_w,,
technology supplier. The latter two involve private, as opposed-
to government, technology use. : B

6.1 Manufacture

Local, private-sector manufacture of renewable energy
Ssystems has had mixed success in the seven countries visited.
Since many of the systems observed are in the experimental or
prototype stage, the following generalizations are based on
limited information.

Solar water heaters have been the focus of a great deal of
loczl manufacturing attention. Systems observed in Botswana,
Lesotho, Mali, Rwanda and Senegal have all been manufactured
locally to some degree, but the results have not always been
successful. Often, locally designed and fabricated units did not
function well. '

There have also been some efforts to manufacture windmills
locally. Simple models, such as the Kijito machines fabricated
in Kenya, seemed to work quite well, while more elaborate ones
did not, although this may be a function of ease of repair.

Indications are that locally produced solar water heaters
and windmills can operate successfully. Concentration on effic-
ient fabrication techniques and -qualit control will further
enhance system reliability while lowering unit cost.

Fuelwood and charcoal stoves are veing manufactured locally
throughout Africa. Units ohserved in Senegal and Upper Volta are
currently being produced there. 1In Kenva, ceramic metal stove
manufacturers are concerned that the use of ceramic stove liner
will increase stove life, thereby cutting into sales. An
integrated manufacturing operation of stove and liner is
conceivable, but has not yet been tried.

While there appeared to be ooportunities for local manu-
facture of all or part of various renewable energy systems, there
was no evidence of concerted efforts to establish indiger.ous
manufacturing capability. The failure of some early local desizgn
and fabrication attempts (a in the case of solar water heaters)
may have discouraged further efforts in this area. It is often
easier for distributors to use imported equipment that perfornms
reliably than to invest in local production.

6.2 Marketing and Distribution

The countries visited all had some privately owned marketing
‘and distribution operations for one or more of the renewable
energy systems studied. PV units used for pumping, communica-
tions, battery charging and electriec fencing seem to be most

@
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actively marketed--in every country, there was at least one loca
distributor of PV units. No information was available on the
distribution of sales between private and government customers,
but there were at least some sales to private concerns reported
in Botswana, Kenya and Upper Volta.

Solar water heaters are also privately marketed and
distributed to some extent, with distributors handlng both local
and importes units. In Sotswana and Lesotho. private operations
control the entire market. Wind turbines, both locally and
foreign made, were also being handled by private distributors.
None of the other systems examined provide sufficient data to
warrant generalizations.

It appeared that the marketing and distribution of RETS is
becoming an active business opportunity in the countries visited.
Some local dealers have worked out arrangements with foreign
manufacturers; other dealiers are foreigners operating as in-
country representatives. In order for the distribution »usiness
to have a larger role, markets have to mature. This will occur
as various units are used more widely.

6.3 Installation, Mzintenance and Repair

Installation, maintenance and repair of RET systems were
accomplished in different ways. Units that were locally
distributed (e.g., solar water heaters, PV systems, etc.) were
installed and maintained by the distributor. However, for
systems purchased by a donor agency and installed by agency
personnel, the donor often provided routine maintenance. In some
instances, the user was left to cope wWwith maintenance problems
after system installation.

As already noted, proper installation and maintenance is a
key factor in the performance of some of the systems examined.
yet, apart from service operations affiliated with a distributor,
there were no privately operated maintenance and repair
businesses. Without this type of service infrastructure, svstems
74ere not properly maintained unless the user or donor performed
the required repairs. The potantial market for private-sector
repair and maintenance businesses seemed tied to the rate of
penetration for various technologies. Whether separate repair
services, unaffiliated with distributors, are economically viable
is unknown at this time.

6.4 Purchase of Units

The purchase of RET systems by private (i.e., nongovernment)
users is an important measure of business potential. Of the
Systems observed, PV units, solar water heaters and windmills all
had sales to private users. In Kenya, 40 percent of wind system
sales were to private customers.

-\{\5



No data were available on the terms of sale in different
countries. Thus, it is not possible to determine the role of
government subsidies in encouraging private purchases. In the
case of PV, there is some government resistance to widespread
technology use because these Systems are wholly imported, which
results in a demand for foreign exchange.

. Cook stoves offer one of the biggest opportunities for
commercial sales, since they are designed for individual
households. To date, however, commercial sales have been o
limited, as many systems are still in the testing and prototype
stages. Only in Senegal and Upper Voclta were commercial stove
sales reported, and there, only c¢n a limited basis. The solar
cookers observed in Lesotho had not had much success with :
commercial sales, primarily ‘due to the units' limitations in .
meeting the cooking needs of consumers.

6.5 Commercial Utilization

It was evident from the systems observed that many were
being used in commercial operations. This was true for units
sold commercially, bought by the government and donated »y
various agencies. As would be expected, systems with good
reliabjlity and performancé were more likely to be integrated
into commercial operations. '

PV systems to provide electricity for lighting,
refrigeration, grinding, pumping, battery charging and fence
electrification enjoyed a high rate of utilization. Their
. reliability seemed to be a ma jor factor in their acceptance.
Windmills are widely used to increase water availability for
irrigation, and some operators noted improvements in their croo
yields as a direct result of these units. Solar water heaters
for institutional buildings were aceepted where reliable perfor-
mance was demonstrated. Water turbines observed in Kenya and
Rwanda were part of commercial operations, though the equipment
had been donated. The other Systems examined were not generally
observed as part of commercial operations.

It is evident that a number of renewable resource technolo-
gies have been accepted as practical elements in commercial
enterprises. The energy they deliver has been demonstrated to be
of sufficient commercial value and reliability to warrant con-
tinued use. At this point, it is not possible to determine the
commercial acceptability of these units at free market prices as
economic data are insufficient to draw firm conclusions,

6.6 Future Prospects

The private sector is currently involved in some aspect of
RET use in each of the seven countries. This implies that there
is a commercial market for at least some of the systems, and the

demand generated by that market can be met, at least in part, by
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private entrepreneurs. The role of government in the successful
marketing of various technologies was not systematically evaluat-
ed, although it was evident that various mechanisms (e.g., subsie-
dies, direct government purchase, regulatory requirements, re-
search funding) were sometimes being used to enhance market -
penetration.

Two important issues arose in considering the potential role
of the private sector in establishing RETs--economic viability
and financing. As indicated in the discussion on project
monitoring and evaluation (B-43-45), economic assessment and
evaluation were clearly the weakest part of monitoring and evalu-
ation efforts. However, without some indication of a payoff for
a specific system, it will be impossible, in most cases, to
increase private-sector participation in that technology. It is
clear that demonstrating profitability will enhance the likelie
hood. of private-sector participation, and proven economic viabil-
ity is a prerequisite for substantial private-sector investment.

As various renewable energy Systems are used more widely in
each of the seven countries, there will be an inereasing role
and opportunities for private businesses. It is conceivable that
small, medium and large operations can be built around the sys-
tems. One serious gap, however, is evident in countries' ability
to take advantage of these opportunities. 1In the countries
visited, there were no programs oriented toward building indige-
nous manufacturing, marketing or maintenance capability. Rather,
all the projects were aimed at.demonstrating technologies with no
emphasis on the supporting business ‘infrastructure. This ner=-
ceived gap may be the result of the limited duration of field
visits. 1If verified by more detailed evaluation, it represents a
significant opportunity for projects to put some effort into the
development of this important infrastructure.
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7.0 RELEVANCE OF OBSERVED RETS TO NATIONAL ENERGY NEEDS

In organizing this assessment, one central question to be
answered was: what is the potential of renewable energy systems
presently installed in Africa to provide significant portions of
the energy consumption projected for the countries examined and
the whole sub-Saharan region by the years 1990 and 1995? Of the
five questions guiding the assessment, this proved the most
difficult to answer. In the initial design, it was determined
that five separate sets of information had to be gathered to
answer this question:

o resource data--available local resources and ;hefgayﬁin
which they matched the renewable energy systems: . o
observed; - | s S

0 significant need-whether the technology's output met a

significant end-use demand;

0 critical fuels impact--whether the energy system
significantly reduced the use of fuels in ceritically
short supply, such as firewood and diesel fuel; -

o] development potential--the potential impace of each
energy system and the whole set of technologies on the
accomplishment of long-term national development
objectives; and

o contribution to long-term national energy suppliese--
which technologies could be expected to contribute to
national energy supplies, based on economic viability,
technical performance and social acceptability.

During the short period of time allotted for this study,

- assessment teams were not able to collect the information requir-
ed for each category. In particular, data on local resource
bases and patterns of energy needs has not yet been collected. -
To fully address all these issues would require comprehensive
collection of primary data--a task beyond the scope of this
project. Still, this assessment was able to develop aggregate
countiry energy profiles, based on existing statistical data.
Summaries of these supply and demand profiles are presented in
Appendix C. This seztion presents general findings for the seven
sample countries on the potential role of the renewable energy
Systems observed in the field. These generalizations should only

be considered indicative of the role each RET might play in the

future. We will not speculate on osher technologies and
techniques that are potentially useful, but not yet in use in
Africa.
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7.1 Resource Match Limitations

Before considering the applicability of an energy ccnversion
System, an adequate resource base to power it must be assured.
The renewable energy systems observed by field teams in the seven
countries used a variety of local resources. Direct solar
radiation was the resource base for the solar thermal and PV
units examined. 1In all cases, solar insolation was excelient
throughout the year, except for some limited ¢loudiness during
the rainy season. While the collection of insolation data is
still underway in most countries, there is little doubt that the
Success of installed solar systems to date has not been limited
by the availability or quality of solar radiation.

Experience with wind systems has been much more mixed. Wind
regimes in equatorial Africa are often limited and seasonal, with
the exception of individual sites, such as the mountains of South
Africa and coastal areas. Therefore, good site data are essen-
tial, and the lack of good wind menitoring has led to. incorrect
system design and sizing. Field visits found several instances
of systems sited at locations with insufficient wind regimes that
had to be dismantled. Also, .some systems were not properly
designed to withstand periodiec high winds and were damaged by
gusts. —-

Anaerobic digesters (bio-gas generators) have to be matched -
to the availability of several different resources. They require
a convenient, reliable water supply that is mixed with animal
dung to form the slurry which fuels the digeater., Dung should
also be easily collected, but local herding practices have a
great deal of influence on the availability of sufficient, easily
collected animal waste. 1In Kenya, Mali, Rwanda and Upper Volta,
the practice of allowing animals to graze freely during the dayv
and bringing them into a pen only at night means that dung is
generally scattered and difficult to gather. In Botswana, there
is a greater tendency for animals to collect around watering
holes, so dung is more easily collected. It should be remembered
that these generalizations are based on limited field observa-
tions. Nevertheless, it appears that bio-gas units may not be
readily applied without a good water supply and centralized
animal feeding and/or watering area.

Water turbines were observed in Kenya and Rwanda, and;were
effectively matched to local stream conditions. However,
adequate, year-round stream flow is a principal condition for
installation and greatly limits the number of potential systems.
The issue of matching to available resources was not applicable
for other svatems visited.
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7.2 End-Use Demand Match

In determining whether a particular technology is addressing
a significant end-use demand, "significant" can have two
meanings. Such a demanc may be one that currently accounts for
(or can be expected in the future to require) a large portion of
energy consumption, or one that serves an important need even
though it is not quantitatively very large.

Of the systems reviewed, fuelwood and charcoal stoves and
water pumping units (powered by wind, PV, animal power and low-
temperature thermodynamic units) addressed the most pressing
needs in the countries visited. Cooking is a basic human need
and accounted for a large part of fuelwood consumption in all the
countries visited. (In a number of countries, it accounted for a
majority of total energy consumption.) Water pumping is a
primary concern in Sahelian countries, but is important in others
as well. 1In quantitative terms, water pumping {s not a major
energy user, but its contribution to human and animal survival
and food production is extremely important.

Some PV units (excluding those used for pumping) provided
electricity for important public uses. A clinie in Botswana used
PV to provide electricty for refrigeratioi. of medical supplies
and lighting. Other units charged batteries and electrified
fences. None of: these uses are large in purely quantitative
terms, but are significant because they meet important needs.
Water turbines’ were being used for grinding grain--an end-use
that would otrnerwise be accomplished by liand or mills using
imported diesel fuel. 3}

Several applications of renewable energy systems to
secoudary or "convenience" end-uses iiere observed. Solar water
heaters are used in private homes tu satisfy demands for hot '
water for bathing and laundry. Some institutional (e.g.,
schools, hospitals) applications were oriented toward more basic
uses of hot water. '

Solar crop dryers address an important need--reducing crop
losses by reducing spoilage and vermin infestation. However, the
cost-effectiveness of this technology for farmers and fishermen
will dictate the extent to which it is used.

Insufficlient information is available to judge whether the
alliocation of resources to different types of RETs is consistent
with the importance of the end-use demand Satisfied. It ecan only
be stated that some of the projects observed focused on critieal
demands while others dealt with convenience end-uses. ‘
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7.3 Impact on Use of Critical Fuels

In five of the seven countries visited, three fuels are of
primary concern--fuelwood, charcoal and petroleum. (In Botswana
and Lesotho, there is a significant amount of coal use in
addition to petroleum.) The concern about fuelwood and charaoal
arises from the depletion of available resources and impaet of
deforestation. In the case of fossil fuels, concern is due to
the need to use foreign exchange to purchase these supplies.

RETs visited had, and were projected to have, direct and indirect
effects on the use of eritiecal fuels.

Efficient fuzlwood and charcoal stoves can, if widely used
have the largest direct effect on ceritical fuel use., both now and
in the future. 1In some countries (e.g., Mali, Rwanda. Upper
Volta), fuelwood accounts for over 90 percent of all energy
consumption and cooking for the ma jority of the wood consumed.
Anything that improves the efficiency of fuelwood use will have a
direct impact. Although none of the technologies examined have
yet been widely disseminated, the potential for ma jor impact
exists. '

Solar water heaters can make an important impact on eritical
fuel use. Heaters being inmstalled are generally displacing
electric units, and since most electricity is generated using oil
(or coal in Lesctho and Botswana), solar units are reducing the
demand for fossil fuels.

Various water pumping systems displace fecssil fuels directly
and indirectly. 1In many instances, units were located in areas
with no existing pumps and thus, ure providing a new service. In
sSome cases, however, renewable energy-powered oumps were
displacing diesel sets. BRecause in most cases water pumpinz does
not yet constitute a quantitatively largze energy demand, the
impact on critical fuel use is small. But, the extensive use of
renewable resource-driven pumps can forestall or reduce the
widespread use of diesel pumps in the future. While this benefit
can be realized, any reduction in total petroleum consumtion
would lie mostly in the future.

The renewable energy systems (exceot for small hydro)
examined in this assessment will have little direct impact on
several major current uses of imported fossil fuels--crop - P
cultivation and harvesting, transportation, generation of grid
electricity and low-cost residential lighting. SR

Without the benefit of a detailed energy supply/demand
balance for each country, benefits to be gained from future
utilization of the RETs observed cannot be quantified. It is
possible to infer that fuelwood and charcoal stoves have the
potential to lower significantly the growth rate of demand for

O
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biomass fuels. Water. pumping systems have modest potential to
reduce the need for diesel units in the future, Solar water

heaters may directly displace electricity for urban dwellers and .

some institutions. The quantitative analysis to substantizte
these inferences cannot pe done given available data.

7.4 Impact on Development Objectives

In addition to the effects that each renewable energy system
might have on the energy supply/demand balance, the potential
contributions to overall country development goals deserve
comment. In the case of water pumping technologies, it is easy
to see how ‘increased water for irrigation can improve crop
production and enhance the food supply. 1In addition, some units
offer the opportunity to create local industries to manufacture,
market and maintain systems. 1In Kenya, the "Kijito" wind turbine
and "Jiko" stove have already shown the potential to create
- Jobs, and other labor-intensive facilities are under development
in other African countries.

For fuelwcod stoves, there are a number of direct and
indirect effects on development. Improved stoves with increased
efficiency reduce the time and effort required to gather wood,
thus making time available -for other activities. The potential
for involving the private sector in cook stove installation is-
discussed in section 6.0, "Role of the Private Sector”", It is
clear that for these development benefits to be realized,
improved stoves must be widely disseminated. None of the
projects visited had vet achieved a high level of market
penetration.

The benefits of PV as a reliable energy source have already
been discussed. PV systems are meeting well-defined needs at a
clinic in Botswana, water pumping stations in all the countries
visited, and in applications to battery charging and fence
electrification. However, most parts of every PV unit are
imported, and it does not anpear that any of the seven countries
will have the capability to manufacture PV cells in the near
future. Thus, while this system does not require imported fuel,
it does demand imported technology. The development benefits
derived must be weighed against the foreign exchange it requires.

Solar water heaters on individual homes provide convenience
to middle- and upper-income residents. Units installed on insti-
tutional buildings have benefits that are more widely distrib-
uted, and may contribute directly to national goals concerning
the provision of publiec health and educational services.

\}
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The extent to which anaerobic digesters (bio-gas units) can
help meet development goals is not clear, although there appear
to be possibilities in commercial animal and food processing. 1In
these applications, waste is easily collected and the gas has
defined uses. Village-level applications have less potential
because of diffisulties in gathering waste and finding
appropriate uses for gas which is continuously produced.
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APPENDIX C
>NATTQNAL EYEBGV.DE°B DROFILES

Botswana

Botswana is a landlocked, semi-arid country with an area of
582,000 square kilometers and estimated population of 840,000.
Approximately 80 percent of the people are employed in the
agricultural sector, and almost 10 percent work in the mines.
The mining sector accounted for 77 percent of the country's total
exports in 1980. About six percent of Botswana's land is
considered arable, but less than one percent is under
cultivation. Cattle ranching comprises 80 percent of the
agricultural output. Rainfall is erratic, which has a great
effect on domestic agricultural production and consequently, the

-importation of food products.

Coal and imported petroleum products are the conventional
energy sources in this country. Botswana's coal reserves are
estimated at 17 billion tons, and increasing coal production is
contributing about 60 percent of the conventional energy consumed
nationally. The installed capacity of the electric system is
approximately 80 megawatts, 77 percent of which is produced using
domestic coal, with imported petroleum generating the remainder.
The mines ise 70 percent of the electricity produced.

Approximately 50 percent of all the energy consumed in
Botswana is in the form of fuelwood, which is used primarily by
the domestic sector for cooking and heating. The resulting
deforestation is contributing to desertification in the country's
more populous areas, just a short distance from the Ralanari
desert., Per capita annual fuelwood consumption in rural areas is
estimated to be around 1.25 cubic meters, one of the highest
rates in Africa. Botswana's energy consumption pattern is
dichotomous~--rural residents (84 percent of the total population)
mainly use traditional fuels, while the urban sector primarily
consumes conventional energy.

Little data are available on solar insolation, but levels
are thought to be sufficient to make this renewable resource
usable. The government is encouraging the installation of solar
water heaters in new construction, and PV provides electricity
for small grids in some rural areas. Wind energy is being used
to pump water at several sites, although data cn Botswana's
overall wind resource and potential are not available. The
government is also encouraging the use of anaerobic digesters.
Feedstock availability for this technology is high because of
increases in livestock production.
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Table C.l}vnééééwéné's Primary Energy Sources =- 1980*

Source ' Xilowatt=Hours (106) mos_(103)
_— v RN
firewood 4,663 369
domestic coal . ,2;422“;f ,%i???
imported coal .?'ﬁ: t1;54°% ;iéiﬁ
inported oil R+ 2
NONRENEWABLE 'ro"ru; ’ 4,055 ' 321
TOTAL -- ALL SOURCES . 8,716 690

'*Compiled by Ministry of Mineral Resources and Water Affaifs'
planning unit, June, 1981. :

Kenya —

Renya's economy is heavily dependent on agriculture, which
contributes 35 percent of the gross national product (GNP).
Rapid population growth (one of the highest rates in the world at
3.3 percent) places a heavy burzden on the limited productive
land. Only 20 percent of the country's total area is considered
to have high or medium agricultural potential, another 10 percent
is used for rain-fed cropping, and the remaining 70 percent can
only be used for grazing. With 225 people per square kilometer
of arable land, the demand for agricultural and fuelwood
production is immense. Reducing the population growth rate,
increasing agricultural productivity and developing indigenous
" energy resources are priorities of the Kenyan government.

About 71 percent of the energy consumed is in the form of
fuelwood-~the balance is comprised of petroleum products, coal
and hydroelectricity. 1In 1980, Renya consumed approximately 7.3
million tons of oil equivalent (toe). Per capita energy
consumption was about 444 kilograms of oil equivalent, compared
to the African average of around 300 kilograms. All petroleum is
imported, but some of these products are re-exported by a
domestic refining operation. The cost of imported energy is
putting increasing pressure on the balance of payments, which
accounted for 36 percent of export earnings in 1930, compared to
16 percent in 1978. Fossil fuel resources have no:t yet been
found in Xenya, but exploration is continuing.



The installed capacity of the electric system is about 508
megawatts, provided by numerous hydroelectric stations, seven
diesel-fired genarating facilities and a gas turbine generator.
A l5-megawatt generating plant was brought n-line in 1981.
Between 1978 and 1581, hydro power provided 60 to 83 percent of
the electricity generated in Kenya. :

Fuelwood consumption is causing significant aeforestation.
The Beijer Institute Report projects that the supply of wood will
have declined 33 percent by the end of the cantury at the present
rate. Wood fuel is consumed at about four times the rate of
incremental production.

Kenya lies within five degrees north and south latitude.

- Thus, solar radiation is high and fairly regular throughout the
Year--average daily insolation is estimated at 5.5 kilowatt-hour
per square meter. Institutional use of solar energy for water
heating is increasing with government support, and PV use for
e%ectricity production in remote areas is in the demonstration
phase.

Two parts of the country have been identified as
particularly suitable for wind pumping or power generation. One
small area is in the highlands near Elderet; the second, a band
extending from Malindi and Lamer through the Lake Turkasa area.
It is now thought that the potential for wind energy use may be
equally good in other regions. :

Study of khe potential for geothermal production of
electricity is underway at the Olkaria field. The first 15—
megawatt unit began generating in June, 1961, a second 15-
megawatt unit is under construction, and exploration of this area
~and two other fields is in progress.

Two fuel-alcohol facilities are currently in late stages of
construction, but it is expected that their contribution to the
liquid fuel supply will be small. Kenya's total manure
production per day is estimated at 862.6 million kilograms, and
the adoption of bio=-gas technology by livestock farans for fuel
and fertilizer could contribute to energy supplies. Some
estimates of agricultural wastes~-coffee and rice husks, bagasse,
maize cobs, etc.--are available, and the Kenya Cooperative Union
in Nairobi converts 20,000 tons of coffee husks into 7,000 tons
of charcoal briquettes each year. The energy balance for Renya
is shown in Table C.2.
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Table C.2. Estimated 1980 Energy Balance for Renya*
| (unit == 1,000 toe)

g. f_ Qtdruogl :e ums Coal Slectricitv Ingggg Flal Sggé-
, :
domestic A 143 '5,7§E j
production SR S
imports ;3,350;0}’ -

exports 1,581.8! G-
refinery use 97.2 == 1593w

.TOTAL SUPPLY  1,671.0 143 5,200

(=24 m o
electricity 200 -
generation LA ‘ 5
transportation o ,93_

. domestic €;}005T
commerciil' e A7 , |- 4?"52
industry 3B = 128 143 1,144

- agriculture 117 ‘-- 43 | - -~
TOTAL DEMAND 1,671 17 330 143 5,201

*These figureé derived from Economic Survev, 1981 and Enerav
Revelooment in Kenva: Problems and Qooportunities,

the Beijer
Institute, 1981.

**Charcoal production.

Lasotho

Lesotho is a small landlocked country surrounded by the
Republic of South Africa and has a population of 1.34 million.
Its gross domestic product (GDP) was 170 million dollars in 1980,
Lesotho has few trees and no known fossil fuel deposits,
Consequently, it relies heavily on imported energy and
traditional fuels--animal dung, agricultural residuszs and woedy
biomass. Traditional fuels constitute mos: of the energy
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consumed in Lesotho, with estimates ranging from 78 to 82
percent, Estimates of traditional fuel use range from 418,000 to
300,000 toe. Due to enormous variation in terrain, it is
extremely difficult to obtain meaningful estimates of the
country's biomass potential., It may be around 5,000 kilograms
per hectare in the mountains and range-lands, but it is estimated
at three times that figure for the lowlands. -

Conventional energy sources are petroleum, coal and
electricity-~-all are imported. It is very difficult to
accurately picture this nation's energy situation because
estimates of energy supplies and demand vary widely. Ffor
example, estimates of total energy consumption during 1980 range
from 360,000 to 530,000 toe. According to a SADCC report, a
total of 112,200 toe of commercial fuels were used in final
consumption in 1980--six percent being hydro power generated in
South Africa, 37 percent coal and 57 percent petroleum. Total
conventional energy imports were 67,000 toe refined oil, 69,000
.toe coal and 8,000 toe electricity. However, other sources show
radically different figures for Lesotho's energy supply and
demand. For example, an energy study by Marc Best reported a
total commercial consumption of 64,800 toe in 1980--almost twice
as much as the figure cited in the SADCC report.

Solar insolation data indicate that Lesntho has ample
sunshine in winter and summer to sustain solar enerzgy
technologies. There have been conflicting reports on the
potential for wind power. By some estimates, there are 30 to 40
windmills in Lesotho and hundreds more in neighboring South '
Africa. The potential for bio-gas remains to be demonstrated.
Although there are currently several small projects operzating in
laboratory settings, no field evidence is available at this time.
Table C.3 shows Lesotho's energy balance, based on information-
from Best's report.

Mali

Mali's economy is heavily -depenident on agriculture, which
contributes 40 percent of the GDP, Even though 61 percent of its
iand is desert, Mali has one of the highest ratios of arable land
per capita in Africa. The country has recoverable deposits of
gold and phosphorous and potential deposits of bauxite, iron and
other minerals, though their exploration is hindered by a poor
transportation infrastructure. Food self-sufficiency is one
basic goal of the government's growth program. Development of
the transgortation system and industry to exploit the country's
natural mineral resources are two other major objectives. -

About 90 percent of Mali's'eneﬁgy consumption is in the form

of fuelwood--the balance being petroleum products and
hydroelectricity. All petroleum is imported, and there is no

domestic refining operation. Mali has no proven oil reserves, f';v



Table C.3. Lesotho 1980/81 Energy Balance

..

(unit -- toe)

. Total  Traditional' "~
Liquid Puels Electricity Commercial Fuels -
Diesel/ i -
Gasoline Kerosene Fuel 0il Total Total : Firewood Dung
Production‘  - - . l 0 (1] unknown 100,000
Tmports 25,200 13,900 17,200 - 8,500 64,800 large -
) : * : 0
Supply 25,000 13,900 17,200 56,300 8,500 . 64,800 200,000 100,000 :
Electric
Generation 0 0
Final . - L e LT s R S e i
Consumption 23,200 13,50 17,200 34,790 8,500 - 64,800 - 200,000 100,000"

1. Based on M. Best survey of per capita annual conounption}ofl6;IJ¢Jf§iteﬁb§Af;ﬁ@fﬁ:@i@jidé@gﬁ
conducted in a region of adequate forest resources. o T '

2. This estimate does not include coal imports.



although some exploration has occurred. The only other possible
indigenous energy resources are 0il shale (found in western Mali
in 1945), lignite (inferred from information in Senegal) and
uranium (currently under investigation by the Japanese and
French).

The installed capacity of the electric system is about 33
megawatts, with three small hydro stations contributing about six
megawatts to the grid. Mali is pParticipating with neighboring
countries in the installation of a hydroelectric station on the
Senegal River (installed capacity of 200 tc 240 megawatts),
Additional small-scale hydro power does not appear possible
because of a lack of rivers with adequate year-round flow rates.

Extensive fuelwood use has created some local supply
problems, but a World Bank study indicated that this is not vet a
national problem. Current annual consumption is estimated ak 350
kilograms per capita. Retail fuelwood prices rose about 15
percent a year during the 1970s, and the average urban family
spends about 20 to 30 percent of 'its income on fuelwood.

Solar insolation levels are thought to be high, but very
little data are available, Limited information from the area
around Bamako shows monthly averages of 4.5 to 6.4 kilowatt-hours
pPer square meter, but it is expected that northern regions would
have higher levels. The wind regime in southern Mali appears
inadequate to support wind energy systems~-average speeds are
- @stimated at one to three meters per second. 1In northern Mali,
nigher wind Speeds may make-this resourcec more practical. No
detailed data are available on biowas: ‘potential, and the use of
agricultural wastes is very limitedl. Table C.4 shows Mali's
energy balance for .1980. )

-



Tasls C5. Estimated 1980 Energy Balance for Mazli

(unit -- 103 toe)

- “H&   Pettoleum Products Electriﬁity  Fué1Qo6d‘e
pracay suopre” | LT ey
. domestic proné& l,k»;,.g :ﬁéidf
imports g k &
exports‘jk f;?f
TOTAL SUPPLY o
o

electricity gehe

transportation I ;&
domestic o v ;€?
commercial M ‘ '94
industry 12;532 , 7o
TOTAL DEMAND 136 0 1.200

*Estimated from fossil fuel-generated electricity (one toe) ang
an assumed 33 percent conversion efficiency.

**Estimated after fuel for electrical generation was subtracted.

Rwanda's economy is heavily dependent on agriculture, which
composes 46 percent of the GDP. Over 95 percent of the ‘
Population lives on small farms, practicing subsistence
agriculture. Rwanda is ‘the most densely populated country in
Africa with 190 people per square kilometer (350 per square
kilometer of arable land). Tungsten and tin account for 26
percent of all exports and coffee production, 56 percent. )
Increasing staple c¢rop production, reducing the population growth
rate and developing indigenous eénergy resources are the

About 90 percent of all the energy consumed is in the form
of fuelwood, charcoal angd Crop residues, most of which is used
for householgd cooking and heating, all petroleum products are
imported and consumed primarily by the transportation and \\\



construction sectors. The increasing bill for imported petroleum
is a considerable burden on Rwanda's balance of payments--in
1980, 37.5 percent of export earnings were required to purcnase
imported energy, compared to 12 percent in 1976.

Hydroelectricity provides most of the power for machinery and
lighting in urban areas. The country has a peat potential of
110,000 toe, and this resource in the early stages of exploration
and development. The Lake Kivu reserve has an estimated 50
million cubic meters of methane, and the government is actively
developing this resource to foster greater self-sufficiency.

There is also thought to be geothermal potential in this area, as

well as in the volcanoes aleng the northwestern border, but no
data exist on whether this resource would be economical.

The installed capacity of the electric system is about 80
megawatts, most of which is generated by three large
hydroelectric stations. The Ruzizi facility. - produces 66.5

percent of Rwanda's electricity, with production increasing about

.10 percent a year since 1976. There is good potential for
decentralized mini-hydro sites in rural areas, and a pilot
program to assess this resource is underway.

Forest covers about six percent of Rwanda's area and
produces approximately 375,000 cubic meter5 of wood annually. As
the population increases, more forest-land'is being cultivated
for food crops, with some 1,600 acres deforested each year from
1957 to 1977. In Kigali, the capital, 95 percent of the
households use charcoal for cooking, and it is estimated that 780
hectares are deforested annually to serve this market alone.
Agricultural residues constitute 70 percent ¢f the energy i
consumed in densely populated rural areas, which results in lower
agricultural yields because this organic material is not being
used as fertilizer, - -

The use of solar and wind enerqy is in a very early stage of
development, but the use of solar water heaters is increasing.
The solar resource is relatively abundant with estimated annual
insolation averages ranging from five to six kilowatt-hours per
square meter per day. At present, reliable data on seasonal
variations in solar energy are not available. The potential for
wind energy use seems small., There is one wind-electric
installation at Muka-range that produces about 100 watts for an
average wind speed of four meters per second. Other RETs are
being studied by the research and development organization at the
National University, CEAER.

L)
Senegal

Senegal's'economy is very dependent on the cultivation and
processing of groundnuts. This one crop-accounts for about half
the country's export earnings, and the pressure to export it to
earn foreign exchange has caused food supply problems for

——



Table C.5. 1979-Energy Balance for Rwanda

Agricultural

Peat

Other
Yatrole-
um

Fueluood Charcoal Restducs

170,000

170,000

SUPPLY. .
Donvsecic Primary Production 600,000 0
lumports 0 0
Charconl Produccion 30,000 6,000
‘Therwal Electric Generation ’ 0 o
Toral 770,000 6,000
DEMAND
llouuehold 730,000 5,50¢
Councrcial § Govermment 25,000 500
Induserial & Mining * 15,000 0
Traniportution & Constxuction 0 (1]
Electrical Syutem Losses 0 (1]
Tocal 770,000 6,000
Sources: Electricity balancea from Electrogaz.
1975 - 80 are shoun {n Annex 6,
Note: Ton of o1l equivalent equal to 10.5 wmn kcul.

650

650

Gosoline Xerosene Gag-011 Products Elcctrtclgy,f&tnl

0
20,089

20,089

10,089
4,000
2,000
4,000

0

20,089

0
6,618

6,618

o

12,746
.

12,561

Pet¥oleum inportu from Ministry of Natural Resources.

5,370

7,744
8,432

130

'2315;306

2,795

- 6,325
4,423

o
2,763

16,306

978,394

33,255
-24,000
-35

1,007,594

924,002
36,825

28,573

15,431
2,763

1,007,594

Comporahle data for

Other figures shoun are migsion estimates subject to wide murgins of errvoru.

Electricity converted at 2666 kcallkuh for i;tgrnntional co;ﬁzkﬁhilipf. but ihéfﬁal generation assumed to

require 3800 kcal/kWh.
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peasants. Improving agricultura? productivity is the
government's top priority, as poor weather conditions and
institutional problems have contributed to a decline in
productivity of about .2 percent a Year since the mid-19560s.

Approximately 60 percent of Senegal's energy consunption'is
in the form of fuelwood-~the balance in petroleum products and
fossil fuel-generated electricity. all oil is imported, for
although some o0il reserves have been discovered, the econonic
viability of exploiting them.is unknown. A local refinery
processes imported crude o0il to meet most domestic needs for
petroleum products, and it has sufficient capacity to export some
products. A small amount of indigenous natural gas is used to
generate-electricity, Lignite and peat deposits exist, but have
not been exploited.

The installed capacity of the electric system is about 140
megawatts. The west central portion of the country is the
biggest load center and accounts for about 64 percent of
consumption. Electricity production takes about 27 percent of
the petroleum used in Senegal, but this pProduction is subsidized
in that generating facilities can purchase fuel oil at below

. the estimated ultimate resource potential is 690 megawatts. The
potential for small-scale hydro is thought to be small because of
the country's topegraphy, but a site survey is planned.

Data on’ fuelwood consumption are limited and contradictory,
Some estimates put it in excess of one million toe per year,
Regardless, the fuelwood Supply is being depleted faster than it
can be replenished, as is true for other countries in the Sahel.
Despite the growing scarcity of fuelwood, its Price has increasec
only slightly or, in some cases, decreased,

Solar insolation data are limited mainly to the Dakar
region. Levels range {rom 4.65 to 6.98 kilowatt-hours per square
meter per day. On averaga, about two-thirds of the solar
radiation is direct and one-third, diffuse, for a duration of
arouiu five to eight hours a day. Insolation in the northern
interior is estimated to approach 8.14 kilowatt-hours per square
meter a day, while figures for the southern region are about 13
to 15 percent lower than those for Dakar. By comparison,
insolation in the southwestern United States is about 8.72 .
kilowatt-hours pPer square meter per day. :

The wind =nergy resource in Senegal appears limited to a
nazrrow strip along the coast between Dakar and St. Louis, where
the average wind speed is about six meters a second at a height
of 10 meters. Some other areas have speeds of three metars per
second, which is marginal for water pumping, but most of the
country is estimated to have an averdge speed of 1.5 meters per
second.\ '

. \
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Data on agricultural and animal waste biomass resources are
very limited. One estimate puts the total at approximately
900,000 toe, without considering what might be economically
collected, Another estimate places the collectable amount at
only 1.5 percent of that figure.

Table C.6. 1979 Energy Balgnce for Senegal
~ {units == 103toe)

*’flPasgglenm Products* Electricity Fuslwood
Energv Suvolv S
domestic production 770 42 570;,
imports 117 :;fé} Vf;;if
‘exports -83 o em
adjustments** | - .5 . ;waﬁ;;f, | --
TOTAL SUPPLY ’ - 809 42 570
_electricity ge f1941 f:j f -
transportatior 5§%§  Caa -
industzy .162° -
jet bunkering 16 -
domestic use i h‘;ﬂé 19 570
TOTAL DEMAND 809 42 ¢ 570

*Refined in Senegal from imported ccude 611;
**To account for stockpiling.

#**pssumed to include professional and public lighting,
appliances and motors.

Uoper Volta

Upper Volta is one of the poorest countries in Africa., 1Its
economy is based primarily on agriculture, which comprises 35
percent of the GiP, and so, is highly vulnerable to adverse
weather conditions. Industry is still in an embryonic stage.



Upper Volta's exploitable natural resources are limited,

although a deposit of high-grade manganese has been discovered in
the remote northeast and a gold mine in the southwest is being
reopened., Prospects are not encouraging for the near future, out
the government's objective is to improve the econony by
developing mineral resources, upgrading the infrastructure,
making agriculture and livestock more productive and competitive,
and stabilizing grain supplies and prices.

About 90 percent of the energy consumed in Upper Volta is in
the form of fuelwood. The only source of conventional energyv is
imported petroleum. At present, there is no coal, nuclear or
hydroelectric energy either produced or imported. One potential
solid fuel is a form of graphite with approximately 10 percent
organic content. The installed capacity of the country's thermal
electric system is about 18 megawatts.

Fuelwood is by far the largest energy source, but local wood
-shortages are occurring in many areas. As the natural forest
cover continues to decline and the population increases, the
- imbalance between demand and natural regeneration is expected to
become acute within 10 to 15 years. Available data indicate that
retail prices for firewood have increased an average of 15
percent a year for the past five years, while equivalent charcoal
prices have increased only slightly. Poorer urban families spend
20 to 30 percent of their income on fuelwood.

— Solar insolation levels in Upper Volta are thought to be
high, but very little data ar: available. There is no detailed
information available on biomass potential or wind rescurces.

-

References

Botswana

"Botswana Energy Paper,” in Broceedings of Workshow on Energv,
Bureau for Afsica, Agency for
International Development, Washington, DC. April, 1982,

1982 World of Information, Essex, England.
December, 1981.

"Firewood as a Renewable Source of Energy." Ministry of Mineral
Resources and Water Affairs, Gaborone, Botswana. June, 1981.

"Energy Future for Botswana." Speech by the Minister for Mineral
Resources and Vater Affairs, at the Seminar on Science and
Technology, Gaborone, Botswana. November 25, 1982.



C-14

Koser, H. J. K. "Use of Botswana Coal for the Generation of
Producer Gas and Applications in Rural Areas." Technical
University Clausthal, GTZ, Gaborone, Botswana. Harch 5, 1982,

"Energy Development in Botswana.” Ministry of Mineral Resourcas
and Water Affairs, presented at SaAl.? Energy Seminar in EHarare,
Zimbabwe. November, 1982.

Kenva

va: T ad Optiop' _in the Energv Sector, Report of the
UNDP/"orld Bank Energy Sector Assessment Program, Washaington, D
May, 1982. ,

"Kenya Country Paper," in Proceedings of Workshop on Energy,
Forestry and Environment. Bureau for Africa, Agency for
International Development, Washington, DC. April, 1982.

va N iti The
Beijer Institute, The Royal Swedish Academy of Sciences. 1981.

Schipper, Lee, et al,. Energv Congervation in Repva's Modern

i Progr . A Discussion Paper
from the Center for Energy Policy Research, Resources for the
Future. Washington, DC. May, 1982, :

Economic Survev: 1981, Central Bureau of Statistics, Ministry
of Economic Planning and Development. May, 1981.

rv \ rategy Statenment, PV 19384, Agéncy
for International Development, ‘Washington, DC. Januarcy, 1932.

Raftan, Irving, et al, v American
University, Washington, DC. May, 1976.

Lesothg

Best, Marc. Survev of Consumotion of Fuelwood and Dung in
Lesotho. 1981,

qg ¥ . ray v r
LV v Pa Bureau for Africa, Agency
International Development, Washington, DC. April, 1982.

Lesotho Energv Profile (draft). EIA., 1983. '

Issues in SADCE Enerav Plannipa. Usage Patterns., Resource
Rotential and Recional Passibilitias. Southern African :
Develooment Coordination Conferences, (SADCC). November, 1982.




Mali
Dunkerley, J., W. Ramsay and C. Boundili., Apalvgis of Ensroy
o a a Drahlam f Deat ina mmtrie Resources for

the Future repo.t to AID, Washington, DC. December 6, 1982,

121 § v 1 e gv_Statement, FY 1984, Agency
for International Development, Washington, DC. January, 1982.

Broceadines of Workshoo on Energy., Forestrv and Environment,

LY Energy Papers, Bureau for Africa, Agency
for International Development, Washington, DC. April, 1982.

Bliss, C. 1b1 i l1; D igal i
i 1 B v iagn i . 1 Agency for
International Development, Washington, DC. February 9, 1981.

Ragdale. - Max&at_ngﬁinizign_atndx_gfnRhntgxgltaigs* Agency for
International Development, Washington, DC. October, 1980, -

a =

13QQﬂA&L_ﬂng;gz_ﬁzmggginm* Freetown, Sierra Leone. November 2-

6, 1981.
Mali Forestrv Project. World Bank, Washington, DC. January,
1979, | R
i ey arqv ' . Agency for International:
Developmeqt,‘Washington, DC. June, 1978, T s

] r_Energv Countrv Rewart, BRC EnergyvAnalyéi§}C§};f ?

McLean, vA. Aapril, 1979,

. ] :
: rqv , v Solar Energy Research'
Institute, Golden, CO. April, 1982, R o

- M i 7 -

Government of Mali, Bamako, Mali.

Rwanda

"Rwanda Energy Paper," in.2;ggagdings_gﬁ_ﬂnzkshng_gn_zng:sx‘
v i Bureau for Africa, Agency for .
International Development, Washington, DC. April, 1982,

Rwanda Energv Profile (draft). .EIA. 1983.

Reintsma, Mary. "Energy in Rwanda -- 2 Synposis."” ©Prepared for
Affairs Office, Agency for Internatidnal Development, Washington,
DC. August, 1981. \

\
\



ica Cui 9 Worldqu iﬁf§§ﬁa§1§n};ﬁéﬁé;’

fﬁﬁélénd'
December, 1981, S IR

"small Decentralized Hydro ﬁoweffid Rwénda; 'National Rural

Electric Cooperative Association, Washington, DC. January, 1982.

Senegal
ina £ %ar \'4 ronmen

. _Countrv Enerqgv Eagg:a. Bureau for Africa, Agency
for International Development, Washington, DC. April, 1982.

I agal Agency for International Development,
Washington, DC.

Bliss, C. 1: P : igtan
ln_Conventional Energv. Lignite and Imported Coal. Agency for
International Development, Washington, DC. February 9, 1981.

£

Broceedings of the Ecopnomic Community of West African Statesg
JECOWAS) Enerav Svmoosium. Freetown, Sierra Leone. MNovember 2-
6’ 19810

Dunkerley, J., W. Ramsay and C., Bouhdili. Analvsis of Energv
 Brospects and Problems of Develoving Countries. Resoyrces for
the Future report to AID, Washington, DC. December 6, 1982.

mmmuu&nm_am_ﬁﬂm United Nations, New
York’ [\
Brown, N. L. Energv Assessment of Senacal., Rewnort on Renewahle

Energjes. Agency for International Development, Washington, DC.
August 18, 1982.

Molle, J. F. Sur lesg Potentialjties de Ja Biomasse au Sensgal,
Compte Rendu de Mission au Senegal, du 7/8/79 au 25/8/79.

Baines,.D. F., J. C. Allen and W. Ramsay. Social Forestrv in
the Future, Washington, DC. April, 1982.

i 1 a United Nations
Conference on New and Renewable Suorces of Bnergy, Nairobi,
Kenya. 198l.
Senegal, Untitled information from African source book.

a v Dawvaloo - Frag cﬁ ama 1 4 Agency

for International Development, Washington, DC. January, 1982.



C=-17

Upper Volta

"Uppér Volta Country Paper,” in Proceedings of Workshop on
Energy, Forestry and Environment. Bureau for Africa, Agency for
International Development, Washington, DC. April, 1982.

inag: i itv i £ri a { v )
Epergy Svaposium == Enerav for Survival, National Acadeny
Press, Washington, DC., 1982. '

"Upper Volta: Background Notes." U, S. Department of State,
Bureau of Public Affairs, Washington, DC. August, 1981,

Broject., Report No. 2382~0V, The World Bank, Washington, DC.
December, 1979, -



APPENDIX D

Introduction

The findings, conclusions and recommendations presented in
the body of this report are derived from a major f£ield data
collection and analysis effort. Pour teams of specialists
visited more than 75 project sites in seven countries, gathering
a wide variety of technical, social, economic and institutional
data on the performance of renewable energy systems installed in
the field. Unlike most previous AID-sponsored data collection
efforts, this study's focus has been on technoloagies and
* av_dif ' rather than projects and a
J<i i i Because of the ground-
breaking nature of this work, special care was taken to document
the metbodology used, practical problems encountered, solutions
developed and data collection instruments employed.

Associates in Rural Development, Inc. will publish a
Separate report that incorporates the data collection workbook
developed for this project into a general field guide for
gathering data on technologies installed anywhere in the
developiag world. The original methodology for this study was
presented in another ARD report, "Assessing Renewable Energy
Technologies and Renewable Energy Project Elements in the African
Context: A Study Design and Methodology." This appendix
provides a distillation and refinement of that publication,
eliminating most of the step-by=step instructions for field teams
since these will be given in great detail in "ARD's forthcoming
workbook., More importantly, this appendix includes revisions in
the methodology necessitated by constraints encountered during
field data collection--time pressures, manpower limitations,
budgetary restrictions and, above all, data availability.

The study's methodology was designed to answer five basic
questions, developed by senior management personnel of AID's
Bureau for Africa and Office of Evaluation, as part of their
effort to provide policy guidance to AID's Assistant
Administrator for Africa on possible future directions for the ,
agency's African energy program. '

¢ What has been the observed technical performance of
renewable energy systems currently installed in selected.
AID African countries? : S

® What problems have been observed with renewable energy ..
systems installed in the field in Africa, in terms of
social acceptance, institutional compatibility and =
required technology delivery systems? S
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¢ What has been the comparative performance of alternative
renewable energy systems in the provision of usable,
cost-effective energy for specific African end-use
applications in the areas of agricultural production,
domestic consumption, agricultuiral processing and food
preservation, and small-scale commercial and industrial
operations?

¢ What mechanisms currently exist within ongoing AID and
non-aAID African development projects that allow for
"real-time” monitoring of installed renewable energy
systems and modification of technologies or project
elements to take advantage of lessons learned from
technology monitoring?

o What is the potential of renewable energy systems
presently installed in Africa to provide significant
portions of the enetgy consumption projected for the
countries examined and the whole sub-Saharan region by
the years 1990 and 19952 ¥

Methodologv Avproach and Inikial Design Constrainks
Introduction

From its inception, this assessment focused on providing
accurate, up-to~date information for senior-level, decision-
makers in AID and interested African national governments. This
emphasis on "information for decision-making” is reflected in the
study design and methodology in four major ways: :

e its comparative focug loéks across technologies and sites

to draw common lessons;

¢ the mixture of techpologv-specific and end-use: driven

recognizes that decision-makers need
reliable cata from both perspectives;

- & the relative weight accorded technology characteristics
that are important to project success~--reliability, -
durability, ease of maintenance, economic viability,

. etc.--and lesser value placed on strictly technical
performance parameters; and

® in the plan for data analysis, the stress on information

sets having pivotal significance for the allocation of
scarce fipancial and manoower rssources among alternative
energy systems.. .

oy
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In addition to its emphasis on "decision-making," it was
essential that the methodology take into accoun:t three Key
contraints:

© short time frame of the entire assessment--four months’
from initial conceptualization to completion of data =
analysis; T L

o limited time available for fig;dwork,‘:equitinggthét"f¥
Separate assessment teams work simultaneously in widely
scattered locations; and . o

e final data analysis and report writing to be accomplished
by both AID and ARD personnel, working in parallel at
different locations.

These three limitations spawned a major challenge-~to incorporate
in the study design a series of cross-checks to minimize the
margin of error for field data collection and data handling
‘problems during analysis.,

Tre gathering of data by different teams, as opposed to one
team visiting all 78 sites, was of prime concern to the designers
of the assessment methodology. Three major strategies were
employed to ensure acceptable levels of comparability among
project data items: : .

e a very detailed data cbllection handbook was distributed:
to every field tear member; ' o

‘e an intensive training session on data collection was
conducted; and ' :

¢ ' 2 comprehensive decision tree for making in-country
decisions, such as selecting which non-AID funded
projects to visit, was prepared.

The data collection workbook contained more 'than 80 required
data elements for all projects, ranging from technology
performance to the match of system output with local demand
patterns to users' reactions about the installed system. To
ensure data comparability, additional questions were included for
each end-use application and energy technology. Common data
units were spécified, and alternative methods for converting from
one set of measurements to another provided for use by field data
collectors. (ARD's forthcoming handbook on field data collection
wéll provide general guidance on organizing such a data gathering
effort.) '

Once the data collection workbooks were completed, all
assessment team members were assembled in Abidjan, Ivory Coast
for a two-day training session on the collection of ‘field data,
handbook use and technology-specific guidelines. This meeting

o
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also included discussions on making in-country decisions.
Particulars of the training and other parts of the overall
Planning analysis are presented in greater cetail below.

During the development of the study design, a number of =
other important, yet time-«onsuming, issues had to be addressed,.
including: S

o specifying and standardizing uhits of measureément;

e establishing a hierarchy of data elements, based on‘thq;fﬁ
importance to AID staff and other concerned parties; '

:i' drawing up a set of criteria for selecting non=-AID
projects to be included in the sample for field data
collection; :

e clarifying data requireménts, given diverse project
types--for example, institution-building versus research
and development versus technology dissemination; and

e integrating data gathered in the field with information fi
collected in Washington, DC, B

- The resolution of each of these issues led to the creation of

five different "modules™ to guide study team members as the o
assessment progressed. These are presented graphi. ally in Pigure -
D.l on the following page. ' A

- » la

The selection of projects to be visited bears directly on
the breadth and comparative nature of the final analysis,
Projects were chousen not only for their physical accessibility,
but also based on their goals and objectives, types of
institutional mechanisms used in implementation, success in
technology demonstration and dissemination, and technologies
employed. The project selection process-was designed to provide.
a good mix within and across these characteristics. Those chosen
reflected a wide variety of initial objectives. The study design
attemptad to ensure that the non-AID projects selected would
complement the AID programs visited., Whereas AID projects are
aimed largely at institution-building and prototype-testing (Mali
is an example), the non-AID projects chosen for field visits
Place systems directly in the hands of end-users or )
entrepreneurs., Similarly, projects were closely analyzed
- regarding the technologies employed, so that sufficient data

would be colletted on specific technology/end-use pairs to permit
comparative analysis. . oo

The design for the selection me&hodology is presented in
Figure D.2. Final project selection oftan did not occut.untilfa .
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the assessment team was in-country. Local AID missions, other
donors, Peace Corps volunteers and cooperating private volunteer
organizations assisted in choosing additional projects for field
visits. The actual process of non-AID project. selection varied
.greatly from country to country, based on assistance from the
local mission and the initiative of individual field team
members. However, the key factors precipitating a site visit
were the availability of transportation and distance to be
traveled--few sites were visited that were more than a half-day
of travel from the capital city. This proved to be a problem
only in some of the larger countries (e.g., Kenya and Upper
Volta).

Broject Clasgification

Project classification was a logical extension of the
selection process. This step attempted to:

¢ ensure that field teﬁms gathered sufficient information
through both examination of project design documents and
interviews; ‘

o determine exactly wha: each project sought to accomplish;
and : o

e ‘define the program's hierarchy of goals, if it had mdre; t

than one purpose.

?igure D.3 éhoﬁs Ehat the project classification process

specified not only what programs set out to do, but also what was-

accomplished. Many renewable energy projects that donor
organizations intended as widespread dissemination efforts (€ege,
for solar cookers; low-cosk, efficient, fuelwood, cook stoves; or
solar crop dryers) became just prototype development and testing
efforts, with no field tests outside the laboratory. There are
several sets of queries in the project classification module
aimed at determining if any real efforts at technology
demonstration and dissemination in the field have been made and,
if so, how successful they have been. :

The project classification module provided guidance for the
main thrust of the fieldwork--data collection. There are
different sets of data requirements and different priorities in
the collection of data elements for technology demonstration/
diffusion projects versus applied research and development/
institution-building projects. Clearly, economic data (€eGe,
cost per million BTUs of energy output or thousand liters ‘of
water pumped) are important for actual field installations, but
far less so for laboratory prototypes or systems installed solely
for manpower training, This division between the two sets of
project types carried through all phases of data collec:ion and
analysis.
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During data collection in the field, the distinction between
the two types of projects was not as crucial as had been expected
because of the general lack of detailed economic data for all
types of installations. Exceptions were the few commercial
installations of pv lighting systems, solar water heaters and
some wind units being used for water pumping. Nonetheless, the
distinction was maintained during analysis so that data for
prototypes or other experimental laboratory systems and field- -
tested units would not be mixed, SR

Eield Data Collection

Field teams were given detailed instructions about gathering
preliminary data, classifying projects according to their S
objectives and Proceeding with the use of the field data I
collection workbooks. This.process is shown schematically in .
Figure D.4 on the following page. , e

Brimary Data Collection Techniques

The principal sources for new data developed by each field
team were 4 and Both
are discussed briefly and then related to the other major field
task--gathering existing secondary data and reports.

Unstructured interviews were chosen as the primary means for
technology and Project component assessment because they offer a
reascnable compromise between the complete, though unwieldy,
nature of a formal survey instrument and total reliance on easily
acquired, but often incomplete, secondary data in official
. Published reports. Field teams often had but a few hours to
vigit a project site; gather existing data on the resource base,
technology performance and costs; and conduct short interviews
with selected pProject participants. In such situations, formal
interview documents would have been counterproductive, serving as
@ real barrier between the field team member and individual
recently met or contacted, Further, it would ke difficult for
assessment team members to use such an instrument for the variety
of respondents at a single site, since different questions need
to be addressed to each person, according to their involvement
with the installed energy system and/or project.

Team members were asked to gather certain types of
information on the condition of the energy system, construction
materials, physical environment in which it functions, location
relative to ths point of the energy's end-use, availability of
certain renewable resources at the project site and cost of
various fuels in the local marketplace, if feasible. However,
team members were not asked to engage in technical observations,

W
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but to rely instead on measurements already taken at the site or
in existing project documents.

Secondarv Data Acaquisition in the Field

During the course of site visits, unstructured interviews
and orientation meetings, team members were to locate and acguire
‘published documents or internal field notes that could provide
portions of the data needed to zaswer the assessment's five key
questions., This included any and all information available on
renewable energy systems installed by the project, such as
technical performance; reliability and durability problems
encountered and solutions developed; operation and maintenance
requirements; training needed for fabricators, operators and
maintenance personnel; feedstock demands; and compatibility with
end-use. If primary or secondary data were availably only in raw -
form, thus requiring further interpretation, teams weare :
instructed to get copies for the project files,

Assessment teams were asked to collect all publications
containing up-to-date national energy consumption and production
figures, and include them with the national energy data sheets,
Information on resources of biomass fuels, small-scale hydro
power and wind energy were of particular interest, but did not
prove to be readily available in many of the seven countries
visited. Secondary reports containing detailed information on
the energy required to satisfy local end-use needs were also
gathered and appended to the end-use.data sheets.

Pield Data Elements

. The specific data elements were presented in detail in the
data collection workbook, which alse provided specific directions
on the information to be gathered as well as other important,
though lesser, considerations, such as appropriate units of
measurement, procedures for transforming data from one type of
measurement to another, data to be gathered if the information
sought was never collected or was unavailable, and what data to
request from particular sources within a project or organization.

Figure D.5 shows the basic data elements that field teams
were instructed to collect. However, it should be noted that far
more detailed information was con:ained on the data sheets than
can be indicated in this simple summary. For example, under the
single data element of technical reliabhilitv, information' was
sought not only on how often the technology was in service, but
also which components of the overall energy system caused the
most problems; the frequency of part replacement; and major
environmentsl hazards presented by the severest difficulties with
the technology. 1In addition, there were special questions for
certain individual technologies and end-use applications,

&
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Figure D.5
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DATA CATEGORIES (con't.)

Pigure D.§ (continued)

DATA CATEGORIES AND ELEMENTS

DATA ELEMENTS (continued)

1. Energy tonsumrtion
by fuel & sector

2. Encrgy production
by fuel

). Energy imports
by fucl & by final
end-use

4. Treud analysis of
the abova

ENERGY CONSUMP-~

ENERGY RPODUCTION:

ENERGY IMPORTS:

TREND ANALYSIS

4. Natural gas

S. Diesel

6. Kerosene

7. Propane/butane
8. Coal

9. Fuelwood

PO. Agric. resldues

S. Natural gas
6. Geothermal
7. Wind

8. Solar

9. Peat l

4. Gasoline

5. Kerosena

6. Jet fuel

7. Other refine

** petroleum pro-
++ ducts

TION: 1970/)980/ 1970/1980/1990 197¢/1980/1990

1990

1. Crude oil (BB) ]1l. Crude ofl 1. Crude oil 1. Dependence on im-
2. Residual fucld 2. Coal 2. Coal ported fuels over
© oild 3. Porest wastes. 3. Residual fuel time

3. Gacoline 4. Puelwcod oil 2. economic iuwplica-

tions of foreign
fuel dependence
3. Bio-fuel production

v3. sustainable local

production
4. Consumption
S. Production




APPENDIX E
" FIELD DATA COLLECTION GUIDE '

for the Assessment of

“Renewable Energy Systems Installed
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Workbook Data Element Sets
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Associates in Rural Development Inc.
362 Main Street

Burlington, VT 05401

!’. Sl A.

Date: October 18, 1982

?xey Data Collection Questions and



This pockat gulde fcllows the same format asg
the data collection workbook. It is
intended to be used in the field to remind
the data collector of key areas related to
the field site visit.

At the beginning of each visit, it will be
necessary to explain the purpose of the
visit and the project. The purpose is to
gather information on the performance of
renevable energy systems in several African
countries. We are visiting their project or
installation because it is an example of an
installed system that is of interest. We
are also interested in the way(s) the
project, company or other institutlion has
disseminated and otherwise supported the
development of the energy system.

TABLE OF CONTENTS

General Project Information ......

Energy Systems Effectiveness .....
End-Use Applications ...""5‘;;

Project-Specific Monitoring
al‘ld Evaluation oo e o"o .o

Standard Data Notation _
for Workboock Entries .

~—— -

Basic and necessary datas

o project name,

0o implementing agency,

o -project goal,

o project purpose,

o project outputs (quantify where
possible, e.g., number of units
in place, number of trained
techniciara),

o major project components (e.g.,
training, small business, nutrition,

- fuelwood),

o private-sector involvement, and

ff_o> delivery mechanism at viilage level.




ENERGY SYSTEMS EFFECTIVENESS

Key question: What have been the observed

economic, institutional and social problems
and performance of renewable energy systems
currently installed in selected AID countries
in Africa?

-~

1. System Profile

A. Energgg§ystem Description

Basic: o0 system *ype, sub-type, makewt;;ﬂ

and model.,,;

Seéohdéryt o dimenslons and*typmﬁnﬁ
R : installation-’ o

B. }fﬁphts |

Baslé}i!df'nature and origin{of brincipalif

components.

Secon&éby: o nature and origin or prln
Cedn L cipal routine. replacement
parts, and L

C. Operatlng Schedule

Basic-«~o " planned number of hours of '
- daily operation 'and daily/
seasonal variation in number

of operating hours.

Secondary: o planned life of energy

system in months or .years,

. :
ffji

.o nature and orlgln of prln-&;f
'~*rfclpa1 operating materlals»&ﬁ

SYSTEM PROFILE (continued)

D. End-Use Applications

Basic: o0 direct and indirect end uses
of energy system.

Secondary: o occasional or unplanned
- uses for energy produced.

A. Technical Performance

.. Basies o type of energy produced

0 system output of flnal product,
and.

o hours of operation required . -
;. to produce output.

fseéohdépff,'o amount of energy produced

daily,
-0 quality of energy produced,

o daily/seasonal variation
' in output, and

f}ﬁﬁg - o other alternative technolo-

gies considered.

. B. System Reliability

‘b@sic: o actual versus scheduled hours

of operation per month, and

o Iénhest period of unscheduled
downt ime



£. 1BECHNIUCAL (continued) 2. TECHNICAL (continued)

B. System Reliability (continued) E. Outpgt versus Resource Base
Secondary: o number of hours of : Basic: o specific figures on energy
scheduled and unscheduled , output given a particular
maintenance monthly. ; amount of input, in units
. ‘ S appropriate to the energy
~.C. Durability/Material Problems system.
~Basic: o materials and/or component : ‘3. ECONOMIC
e substitutions that had to be L -
made due to premature degrada- A. Costs
tion, breakage or design
changes, and . ' Basic: o operation and maintenance--
‘ currency conversion rate, pric
-0 reasons for those substitu- of raw feedstock, amount of
- tions. : : L feedstock used, fuel costs for
T ; St back-up system, price of
’Secondary: o design changes made to - routine spare parts and lubri-
. limit or eliminate dura- cation, training costs for

bility and material prob-- operation, maintenance and
lems, and S repair personnel, and wages foi
operators and/or.maintenance

. ;
0 results of design changes. starf,
D. Operation and Maintenance R 0 capital expenses--the energy
R : LT system itself, power condition-
-Basic: o number of hours operator is ing and/or end-use auxiliary
Co in attendance monthly, equipment, and energy storage
RS devices; whether equipment is
o frequency of system fueling . locally produced and/or

and/or cleaning, and assembled or imported,
"o frequency and duration df;ﬁéjﬁhﬁ{ o other costs--local prices for
scheduled overhauls.: ey fossil fuels, biomass and grid
electricity, initial cost of

‘Secondary: . o frequency and. duration - diesel electric generating set
L of scheduled lubrications/: and its monthly fuel consump-
maintenance, and T tion,‘extraordgnary one-time
- : g costs’ and costs to train end
0 frequency and duration. users, and

- of spare parts replgcedentg

/\%’ 5 , 6



A. Costs
Basic: o

B. Benefits .g

Basic:

0.

(continued)

affordability to user in terms
of percentage of income to
buy and maintain/operate.

\
increase ouput of final pro-

duct or value added to current -
output due to additional energy
and its value per unit of time,

amount of fossil fuel or fossll’

fuel-fired electricity dis.--
placed at site by renewable
energy system per month and
cost of fossil fuel delivered

to site, and

types of employment created and

number of full-time equivalent

Jjobs per month or year for
number of units produced.

Secondéry: 0 secondary stimulation of

the economy, such as new
services or businesses
established due to the
introduction of the new

energy system(s) and other

services or businesses

attracted by higher incomes

in agriculture.

A. Project Support

Basic: o support by central government
: via policies, legal or institu-
"tional revisions, manpower,
financing and practical help,
and

0 support by regional/local gov-
ernment in terms of manpower,
legal/institutional revisions

,and practical help.

B. Experience

«Basie: o0 experience of personnel con-

nected with energy system,
including owner/operator, mana-
ger, maintenance and support
staff, and government
technicians.

- C. Capability

23Basic: o central, regional and local

goveraments' capabilities to
support energy system in terms
of technical competence and
. manpowver,

o training and manpower needs of
central and regional/local .
governments, and

0 capabilities and training needs
of owner/operator and mainte
-nance personnel. ‘



Y. SUCLAL AND CULTURAL

A.

Basic:

B.

Beneficiaries

o

profile of beneficiaries, such
as landawners, entrepreneurs,
traditional and government
officeholders, male and female
household heads and residepts,
and groups, in terms of income,
history of Innovation, length
of residence, education and
training, employment status and
age.

Acceptagce

Basic: o

general acceptance of system,
things in particular people
like about system and general '
problems, '
specific problens, including: -
--mismatch between need(s) and,
type or quantity of energy )
output, e
--system differs from preferred
type,

--System excessively complex,
--difficulty obtaining replace-
ment parts,

--technical support overwhelms
government services,

—--System violates cultural norms,
--local dealer/government agent
not trusted,

--3ystem operation interferes
with social/community life or

is poorly matched to rhythm of
agricultural or other operations,
--3ystem type fits pqorly with
local climatic or other
environmental conditions,

--system incites social jealousies, =

9

9. SOCIAL AND CULTURAL (continued)

B. Acceptance

Basic:

o

more problems...

--system is perceived as breing t:
expensive, imposed by the
government or displacing lcecal
labor,

--3ystem i3 too unwieldy, heavy «
inflexible,

--concern about durability and
maintenance,

--traditional system perceived as
superior in performance, and
--water pumping seen as inter-
fering with traditional water )
rights.

solutions, including:

—-users need more training or
subsidies/tax breaks,
~--potential users need nore
demonstrations,

--strengthen extension service,
--3ystem needs redesign, \
--revision of system operation,
--improve after-sales service,
~~greater local participation in
planning new energy systems,
--greater local control over
management of collective systems,
--greater local input in system
design,

~~local entrepreneur as less
intimidating diffusion agent,
--8how -users alternative uses of
same energy,

--clarify-system ownership, and
--clarify or reorganize system
management. '

10



END-USE APPLICATIONS

Y question: What has been the comparative
onomic, technical, social and institutional
rformance of the alternative renewable energy
stems in the provision of usable, cost-
fective, energy-specific, African end-use
plications in the areas of agricultural ,
oduction, agricultural processing and foqdd
eservation, domestic consumption, and small-
ale commercial and industrial operations?

ALL END USES

Basic: o type of output required,
o production level sought/needed“’

o technology currently used to meet

end-use requirements and price per

unit,

o 1limitations and advantages of

technolbgy currently in use,

o commercially available technolo- f:

gies that meet end use,

o advantages and disadvantages of ff

commercially available
technologies,

o key use considerations for ?f
technology design, :

o key fuel considerations for
technology design, and :

o key production materials i
considerations for technology.
design.

2.

AGRICULTURAL PRODUCTION

A. Irrigation Pumping

Basic: o crops being irrigated,
o hectares irrigated per day,
o water output ner use per day,.
o pdmping 1lift, |
o type of pumps installed, and

0 current conventional pumping units
installed locally

f;géégéhdary: 0 number of days per year of

output above normal use, and

o seasonal fluctuations in water
demand.

B. Cultivation

Basie: o érops being tilled, and .

0 number of hectares being tilled.

ﬁﬂsacqndary: o general scil and terrain types

o type and depth of cultivation,
and

-. 0 energy form used.



AGRICULTURAL PRODUCTION (continued)

C. Fertilizer Use

Basic: o crops being fertilized, and
o amounts of fertilizer required i 
per season. SN

Secondary: . o nutrients required,

0 seasonal fluctuation in
fertilizer demand, and

] o method for applying ferti_}?:
lizer to field. L

D. Space Heating/Cooling

monthly heating/cooling .
requirements,

Basic: o

o type and number of seedlings to;be.:
produced each year, -

0 seasonal fluctuations in S
temperature and solar lnsolation
and :

o size of space to be heated or
cooled. Co

E. Transportation

Basic: o
required,

o distance to be traveled, and amount °

of fuel -required per kilometer, and

0 volume and weight of load to be
carriea.

13

engine to be run and type of fuelvﬁwi

" ”secondarys 0

AGRICULTURAL PRODUCTION (continued)

E. Transportation (continued)

Secondary: o steepness and roughness of

terrain to be covered, and
o frequency of trips.

AGRICULTURAL PROCESSING

7;}Basio:

~ B. Threshin

i*Basics

A. Hagvesting

o average tons per hecta:e per day,
o persons working per hectare, and
.0 equipment used.

mobility of equipment desired,
and

0 duration of peak harvesting
period(s).

o person(s) doing threshing,

o crop(s) to be threshed, and

o amount to be threshed per day.
f?sgcondary: o moisture content of crop, and

o portability requirements.

14



AGRICULTURAL PROCESSING (continuec)

C. Crop-Drying

Basic: o type and volume of crop to be dried

per day,

o percentage of residual moiatpre
. desired, and N

o monthly or seasonal fluctuations in;;

temperature, rainfall and
insolation.

D. Cold Storage/Refrigeration

product to be stored/refrigerated
and space required, and :

Basic: o

0 necessary temperature change‘and;}f
seasonal, day/night or monthly -
fluctuations.

seasonal fluctuations in
storage needs,

Secondary: o

o available refrigeration back-upf

units, and
0o access requirements..

DOMESTIC USES

A. Cooking

Basiec: o foods to be cooked,

0o maximum number of pots ‘used -

simultaneously, pot capaclties,
and fluctuations in use,

/4}\.

15

DOMESTLIC USES (continuea)

A. Cooking (continued)

Basic: o fuel availability and costs,
0 indoor or outdoor use, and
0 hours of daily use.

Secondary: o portability requirements,

' 0 need for rapid heating, and

o0 cooking used for simultaneous
space heating.

?,’Qd Water Heating

ﬁ lBas1c: o

necessary temperature change and
baseline temperature,

0 'liters per day required, and
o typical daily demand pattern.

¢ maximum and minimum annual
temperatures.

Secondary:

C. Lighting

number of bulbs and wattsge to be
powered,

Basic: o

o0 hours per day required, and

o maximum diStance from power
‘source.

Secondary:t o portability..

16
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DOMESTIC USES (continued)

D. Potable Water Pumping

Basic: o 1liters per day required,
. o size of group using _water,

o head and distance being trans-
perted, and

o storage neéd.”
Secondary: o water source.

E. Space Heating/Cooling

Basic: o0 seasonal variation in heating/
cooling requirements,

o temperature change required,
o volume of room/building, and

0 exposure of room/building.

Secondary: o dimensions of room/building.

COMMERCIAL/INDUSTRIAL

A. Low-Temperature Process Heat

Basic: o temperature and amount of
energy avallable.

B. High-Temperature Process Heat

Basic: o temperature and amount of energy

available.

<<

5.

COMMERCIAL/INDUSTRIAL (continued)

C. Space Heatlng/Cooling

Basic: . o .volume and dimensions of space to
: ;be heated/cooled,
6?:mater1als room/building is made of

0 seasonal variaticn in heating/
cooling requirements, and

o temperature change required.

Secondary: o people's daily habits related
to indoor comfort needs.

D. Water Heating

Basic: o use for heated water,

o- temperature change needed and
baseline temperature,

o "daily hot water requirement, znd
0 daily demand pattern.

E. Motor Shaft Pouwer

Basie: o0 type of motor to be run,
o size of motor,

0 daily duration of demand at what
. load level, and

o fuel available.

18



PROJECT-SPECIFIC MONITORING AND EVALUAT LON

question: 1Is there a formal monitoring and

vation system; and is there an informal system

. provides assessment and direction for the
ect, while not formally evaluating it?

PROJECT MANAGEMENT

A. Decision-Making Structure

Basic: o formalized process for integrating
opinions and information from all
institutions/groups involved into
decision making,

o0 wWho makes decisions, and
o0 how decisions are reached.

B. Project Changes

Basic: o key management decisions that have
changed the project’s elements or
direction,

o were these decisions result of
formal or informal monitoring and
evaluation, and

0 are the project's purposs,
strategies, etc. periodically
reviewed and discussed formally.

o

19

TECHNLCAL

A. Performance

Basic: .o berformance monitoring pboeedure
: for each set of: technologies, and

é observable technology development
dve to these procedures,

B. Design

Basic: o changes in baseline design of
technologies, and

0 reasons for changes.
C. Economic

Basic: o zflnancial and economic assessments
for each technology, and

o actions taken based on these
analyses.

DISSEMINATION

A. Institutions

Basie: o institutions deeply involved in
dissemination and basic
strategy/delivery mechanism for
each technology, and

o0 any changes in strategies.

Secondary: o institutions doing better than
others and reasons, and

O new dissemination strategles
developed.

20



DISSEMINATION (continued)

B. Users

Basic: o

how user needs are determined by
project,

ma jor changes in. perception of user
needs since beginnlng of project,
and .

how users a;é'integrated into

design, testing, demonstration and

dissemination.

C. Barriers and Constraints

Basic: o

Secondary:

barriers and constraints that were
not recognized during project :
design,

how were such barriers dlscovere,,
and

strategies to address those
constraints and how they were
developed.

o evidence that unexpected
tarriers and constraints will
be overcome by present project
strategies.

21

STANDARD DATA NOTATIOMN FOR WORKBOOK ENTRIES

Lengthé meters (or decimals thereof) -- m
or .-'
‘kilometers -~ km
S
Area: hectares -- ha
or 2
Square meters -- m

Volume: cubic meters -- m3
' or
liter -- 1
Weight (mass): kilograe -- kg
or
metric ton(1,000 kg)

Energx: kilowatt-hour -- kWh
or

- megajoules -- MJ, per m2 per day
. in the case of solar
radiation

“Power: kilowatt —-- kW (103 watts)

or 6
megawatt -- MW (10" watts)
Heat: kilocalorie -- kcal (103 calories)
Pressure: atmosphere

Témpergture: degrees Celsius

a2
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SUMMARY FINDINGS OF THE WORLD BANK ONW
RENEWABLE ENERGY TECHNOLOGIES

The renewable energy assessment recommendations are supported
by the findings of the World Bank's report, The Ener
Transition in Developing Countries (August 1983) which
concludes that for the most part:

"[CEJfforts to realize the vast renewable energy potential
of the developing world have not yet developed into
large-scale national undertakings. There are two principal
reasons for this,

First, certain technologies are proving more difficult to
develop, adapt, and apply and have remained more expensive
than was foreseen.....LDJesigning socially acceptable and
readily replicable improved cookstoves has proved to be a
major task. While photovoltaic array costs have continued
to decline, they have not fallen as far as was forecast,
partly because the expected volume of production has not
been reached. Biogas digesters have proved to be more
complex and demanding to maintain and operate than many
early investigators had dssumed and conditions allowing the
economic production of alecohol for vehicle fuel are less
common than was anticipated."

"Second, and perhaps more important, renewable energy
development has been slowed down by weak institutions and
policies. National programs are made more difficult to
coordinate by the multiplicity of agenclies -- both local
and international -- involved. Most developing countries
urgently need to begin formulating strategies for renewable
energy development, which evaluate the potential of the
various technologies, and their probable importance, in the
light of the countries' specific energy needs and
circumstances. In many cases, available information will
give a good sense of the priority areas for renewable
energy development and of what research and development and
other preinvestment activities are needed in these areas.
While in the long run there can be no substitute for
comprehensive resource surveys and planning exercises,
short-term studies of the potential of particularly
promising resources and of the market prospects for
specific renewable energy technologies can help to put
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‘ongoing programs on a sounder basis. It should, in

particular, be possible to strengthen national programs by

increasing the emphasis on:

Assessing energy needs and resources to provide a firmer
technical and eccnomic basis for technology choices and
investment decisions.

Research and development programs to build national
capabilities for assessing, adapting, and using new
technologies.

Commercialization, by providing greater support for
manufacturers and vendors through market studies and the
testing and certification of equlpment by developing
closer linkages with programs in rural electrication,
irrigation, and agricultural credit; and by promoting

demonstration and pilot projects with private and public B

sponsors."



oA B
ACTIONS UNDERWAY OR PLANNED (ORI

In addition to the incorporation of the findings and
recommendations of the renewable energy assessment into the
Africa Bureau Energy Strategy, a number of actions are underway
. or planned as follow-up to the renewable energy technology
assessment. Of these the most significant are:

Increasing Agricultural Productivity

To improve agricultural productivity through more effective
use of energy, AFR/TR/SDP in late 1983 commissioned a study
to examine the interface between agriculture and energy in
order to a) understand the relationship between
agriculturel productivity-and energy use in Africa, and b)
develop criteria and a format for use in agricultural
Project design and evaluation which will assist AID in
selecting the most economic and acceptable alternatives for
energy lnputs to agricultural projects. AFR/TR is now
cooperating with the S&T Bureau to pursue the
energy/agriculture linkage in an effort to examine specific
cases and produce practical recommendations for field
action.

ReducingNOil Import Dependency

Water Pumping Windmills

The Bureau is supporting comparative performance and
economic testing of water pumping windmills in
Botswana as part of the Botswana Renewable Energy
Technology Project (633-0209). Also efforts to

improve wind data collection have been incorporated
into the energy projects in both Botswana and Djibouti.

Photovoltaic systems

In cooperation with PPC/EY, AFR will support a small
study in Malil to develop and test a uniform
methodology for evaluating the technical and economic
performance of photovoltaic water-pumping systems so
that results can be shared among users and project
designers in the public and private sector. '

Increasing Biomass Supplies

Fuelwood Production

During 1984 the Bureau will examine recent AID
experience in forestry/fuelwood production and develop
a4 new strategy and action plans based on this
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examination. A related activity will foster the
incorporation of selected tree planting techniques
within AID agricultural production and farming systems
research projects. :

Fuelwood Conservation

Fuelwood conservation activities include continuing
support for Volunteers in Technical Assistance (VITA)
work on improved metal wood and charcoal stoves in the
Sahel which has been carried out under the Sahel
Regional AID Coordination and Planning Project
(625-0911). 1Improved metal charcoal stoves already
appear to be spreading rapidly in Kenya through
private sector manufacture for which the Kenya
Renewable Energy Development Project (615-0205) has
been providing support. A similar emphasis is being
placed on portable stoves under the Botswana and Sudan
renewable energy projects.. Additional stove
developmernt and dissemination work is being carried
out by VITA in Somalia under the CDA Forestry Project
(649-0122).



