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EXECUTIVE SUMMARY

OVERVIEW

This report responds to the Ageney for Interna-
tional Development (ALD) Administrator's call
for a critical reassessment of the Agencey's eaperi-
ence with renewable energy. Tt describes today's
climate for renewable enerpy technology in light of
lower and unstable wortd oil prices, declining tuel-
wood resources, and the present commercial status
of various rencwable technologios. General lessons
learned 1 developing and applyving renewable ech-
nology are also described. as well as prioriy appli-
cations and the appropriate role of the private
sector. The report then sets out the proposed New
Dircctions for ALLDY. renewable cnerpy activities,

ALLD s Hoens is on self=ustained  cconomic de-
velopment. Rural and agricubiural development are
essential prereguisites 1o achioving overall cconom-
ic grawth, and special atention is needed 1o -
dress the energy requirenients this development im-
plies,

This report shows that while new renewable
enerpy technologies hiave not had the f-reaching
impact many had hoped i contributing 1o rural de
velopment, spectfic renewable technologios have
demonstrated that they have o valuable role o
play. A number of renewable cnergy technologies
are now becomimg ceonamically and financially at-
tractive i developing countries. Commercialization
of these technologies offers considerable cconomic
benefit to developing countries.

A major fnding of this reassessment s that, 1o
mount successtul renewable projects, ALY should
rely on market forces to seleet which technology is
best tor which development application. This rep-
resents a significant shift away from past experi-
ence, which was too often technology driven and
where Government playved a large role in renew-
able energy rechnology selection and development.
ALDCs new direction for renewable energy eme
phasizes private sector development and assistance

programs to stimulate market-driven applications of

these energy sources,

WHY HAS RENEWABLE ENERGY
BEEN GIVEN A HIGH PRIORITY?

Renewable energy technologies utilize diveet wolar
energy, wind, flowing water, biomass, and/or geo-
thermal energy as alternatives 1o petroleunt or
other non-renewable sources of energy. Use of re-
newable energy sources has been promoted in de-

veloping, countries for several reasons. These in-

clude the foilowing:

B Renewable energy sources are indigenous and
avatlable in large quantities in the developing
countries.

@ Ronewable cquipment can be small in unit size
and {1t the need for rural small-scale develop-
nent apphications,

2 Renewables utilization has the potential o
create rural emploviment and increase wroduce-
tvaty,

B Renewable energy technology often has Jess
severe environmental impacts than conventional
alternatives such as tossil Taels.

In most developing countries, rural economices
have subsisted by relying on rencewable energy
sources cluding traditicnal biomass and other in-
digenous sources. Fuelwood  searcity,  however,
poses a serious problem, requiring that more atten-
ton be given to improving the efficiency of utiliza-
ton aind (o alternative cnergy sources. In 1980, it
was estimated that of the 2 billion people who
depend on biomass fuels, over half could not mect
their mimimum energy requirements from available
sources without reducing the growing stock. It was
further estimated that from 2 o 3 billion people
may be living in arcas of acute fuchwood scareity
by the year 2000,

Renewable energy technologies are sufficiently
difterent from  conventional  energy svstems,  in
terms of their higher first costs, greater pereeived
risks, and small scale of individual applications, to
require alternative financing approaches (among
other incentives and policies) moorder to attract in-
vestors or buyers,

A number of constraints and problems, however,
have been encountered in the effort to deplov new
renewable technolopy. These have included the or-
ratic course of international prices for oil products
with which renewables compete, weak institutions
for perfecting and promoting renewables, and the
mherent difficalty of ‘ntroducing new technology
into an often subsistence-level rurai cconomy. Dis-
tortions in energy prices, as well as other policies,
have created an environment which stifles private
sector initiative and seriously retards the introduc-
tion of new alternatives such as renewable technol-
ogies.

Given the experience to date and the above con-
straints and  problems, what lessons have been
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learned and what New Directions are appropriate
for ALD. in its strategy to exploit renewable
energy scuvces and technology?

LESSONS LEARNED

Tue main jessons learned in ihis reassessment are as

follows:

B Large-seole mtroduction of new  renewahle
energy sources through A LD, or other's ef-
forts has not been achieved. This is duc primai-
ily to two factors. First, most renewable energy
projects were R & 1D projects and were mtend-
ed tec dcvaiop technologies (and institutions),
not to directly  disseminate  commercially
mature technologies: and sccond, institutional
weaknesses and unfavorable policy condiiions
constrained rencwable eneray implementation.

B While many R & D) efforts have not succeeded.,
a significant number of technical approaches
have been demonstrated 1o be reliable. Several
renewable cnergy technologies such a0 mall
hydro, some biomass apphications, remote solar
applications, and others, have new matured suf-
ficiently for commercial applications to pro-
ceed.

Projects should avoid technology opticns that
are commerctally unproven, unless projects are
explicitly designed 1o support technology de-
velopment as part of an overall commercializa-
tion plan.

B Only renewables able to compete in the market-

place with conventional technology in terms of

cost, convenience, gerhty, service  delivered,
and reliabthity. will normally be successtul.

Local user or “market™ acceptance determines
whether w new renewable technology suceeeds
or fadls. Piser involvement or market testing in
project design, implementation, and evaluation
should be a prorect requirement.

@ Renewables' market penetration is seriously im-
peded when other fuels are subsidized or other
unfavorable policy conditions exist. Policy con-
ditions require up-front attention in ALD. cf-
forts to support renewables introduction.

B Project deas and designs cannot simply be
transplanted from place 1o place. Applications,
must be tatlored 1o local market, physical, ma-
terial, mstitutional, and cconomic conditions,

B Lack of atention to “afier-sales™ service, in-
cluding mainterance, spare parts, and  local
skills development, has often proved fatal 1o
both demonstrations and attempts 1o commer-
clalize o technotogy.

B Local private scetor marketing of technology
for commercial purposes is the best way, where
possible, to ensare suceessful dissemination.

B Learning from past experience is severely
handicapped by lack of adequate docuraenta-
tion of successes and failures. Improved inter-
change of results andg methods of application
could make a major difference in the rate of

future success.

ELEMENTS OF A.l.LD. RENEWABLE
ENERGY STRATEGY

Based on the lessons learned above, it is appropri-
ate for ALLD. 1o establish New Directions for its
renewable energy strategy. These directions should
recognize today'’s cconomic and technical realities,
and integrate renewable options, where appropri-
ate, as components of rural, agricultural, and cther
development programs. Long term energy price
expectations should be used as a basis for decision
makmy, and a diversified fuel mix that includes re-
newables should be enccaraged. This strategy must
be applied within the resource, social, envircnmen-
tal, and stitutional situation of particular countries
and even sites. Thus, no predetermined technology
choice is possible: rather, a better informed judge-
ment and case by case comparative evaluation is
called for.
What are the overall ohjectives of ALLD.'s New
Directions?
First, 1¢ ensure the supply of appropriate “least-
Ccosi™ o sources of energy to strengthen rural de-
velopment efforts, enharcee agricultural produc-
tivity, and create rural employment opportuni-
ties.
Second. 1o support local and U.S. private sector
Initiatives to supply necessary energy services,
technelogy. and capital in order (o achieve self-
sustaining solutions to encrgy problens.
Third, o place special focus on houschold
cnergy  problems through  expanded  biomass
supply and improved utilization.
Fourth, to create the policy and institutional
eonditions required for sound energy sector de-
velopment.

ALDCs renewable energy program will be di-
rected to support the following New Directions:
Private Sector Collaboation

Expanded cooperation between A 1.D., and U.S.
and developing country renewable eneray firms
and developers 1o merge ALLD. knowledge of
country constrain’s and conditions and A.LD.
technical and  financial support with private
sector skills i design, manufacturing, and mar-
keting.


http:solutti.ns
http:iipeieitott.ie

®  Rural Development and Private Enterprise
Support
Technical ussistance 1o mission private enterprise
and rural development proerams will be increased
to ensuie provision of adequate renewable and
other sources of cnergy for projects requiring
new energy sources, tosdentify enerzy business
opportunities and to provide information and
traming for A LD staff on energy options for
health, agricultere. and other rural develop-
ment acdavities.

Training in Support of Renewables
Commercialization
Renewable energy traaning sponsored y ALD.
and related mittves, will he expanded to sup-
port the Less Developedt Country (1.DC) pri-

vate sector and stimulate the commercial use of

renewables mowater pumping, health,  rural
commercial-idustrial appheations, and decen-
tralized  clectric power supply, among other

rural development applications.

B Emphasis on Implementation
Development of innovative financing schemes ta
assist 1 the commerciad penetration of renew-
cOles mro vural wnd dispersed private markets.
Lxpansion o rshsharing i feasibility: study
and other exphon supports siuch as targeted use
of the A TH commiodii, nnport program (o fa-
ciltate U Soand TDO frvate sector ventures
totransfer, adapt, and  marker cost-effective
rural vnergy svsteme.
Further development and adaptation of energy
production and unlization cchnoloey tor selected
high prioruy rural development applications, in-
cludmg adaptation of United States renewable
cnergy equipiment.

Coordinated Aciion
Reliance on greater donor coordination will be
pursucd to more effectively utilize and leverage
ALIS resources ard help develop the policy

conditions necessa-y for the introduction of

New energy sources

IMPLEMENTATION ACTIVITIES
Implementaticn Vehicles
The major implementing vehicles for the New Di-
rections proposed above include the Renewable
Encrgy Training  Project
(REAT), the Bioenergy Systems and Technology
Project (BST), and centrally funded activities in
the arcas of houschold fucls, and energy and irriga-
tion. All are ongoing projects or activities.

The Bioenergy Systems and Technology (BST)
Project is intended to design, develop. and Laple-

Apphlications  and

meat field projects using bioencriy svatems. The
Renewable  Energy Applications  and I'riauning
Project (REAT) has been responsible for the as-
sessment of ALLDCs past eaperience with renews-
ables and proposals for new initiatives 10 support
rural and agricultural development.

Houschold fuel activities are another area of em-
phasis. Current work includes investigation of mar-
kets for briquette fu b osubstitutes made from coal
and/or blomass residucs, especialiy in countrics ex-
pertencing mereasing wood scarcitios. Houschold
fuel strategy development work, and a review of
charcaal stove programs in Fast Atriea are also
being pursued.

‘the energy and irrigation activity is designed to
promote the cecononie utilizanon of water for irri-
gation in A LD -assisted countries.

Missions” tead Role in Implementation. The
above projects and activities are the centrally-
funded and managed programs available for imple-
mentation of the proposed new directions in re-
newable energye A LD in-country missions, how-
ever, retain the lead implemeantation role in ALLD,
renewable activities, by virtue of missions” respon-
sthility i the wreas of project proposal, design, and
implementation. Now directions are, i large part,
being proposed 1o stimalate and assist the missions
to incarporate energy considerations (mcluding re-
newable enerpy where appropriate) more fully into
praject design and planning. Missions are urged to
contact the Office of Erergy (SET/EY)Y regarding
ISSUCS Or questions conerrming renewable energy
tecimologies, cither in general or concerning specific
applications,
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INTRODUCTION

In November 1984, the Administrator of the
Agency for International Development (A.1.D.)
called for a critical reassessment of ALLDCs renew-
able energy activities. The objectives of the reas-
sessment were outlined i a worldwide cable (State
5387). These were:
o assess priority appheatons of  renewable
cnergy technologies, with cmphasis on produce-
tve uses mnoagriculture and rural industry:

to recommend development and application of

those renewable svstems which, when com-
parcd with alternatives, are the least-cost and
sttesspectfic solutions for supplying  energy
needs: and

to suppest means ol developig local private
sector capability o marken, manufacture, and
minntain the most promising cnergy systens;
and tomvalve the private sector at an early
stage m A LD projects,

Renewable encrgy resonrees first emerged as a
major target of development assistance programs
atter the ol embargo of Tate 1973 During a time
when otl prices were mising rapidly an supplics
were imseeure, energy suddenly became 4 high-pri-
ority public policy challenge in developing coun-
tries. A the same tme, a0 new awareness of the
transicnce of depletable fossil encrgy sources led 1o
a plobal warv e of enthusiasm for renewable sources,
particulirly solur coerev, Research and develop-
ment support grew, and donor organizations sup-
ported tests and demonstrations worldwide,

Developing countries themselves tended to view
mdigeaons renewable resources as promising an-
swers 1o therr encrgy needs, tied to neve technolo-
gy developments and donor interest. Renewable re-
sources were secn s espectally appropriate because
they could be apphied on a variety of scales and
skill gevelss These related closely 1o localized
cnergy needs and resources, and offered attractive
opportunitics for new skills and institutions 1o be
developed.

A consequence of this mterest was the initiation
of numcerous renewable energy projects in develop-
g countries, many of which were supported by
ALD. A deeade Tater, however, it is difficult to
give an account of this experience. The general im-
pression s that only a few of the projects have led
to sustained  energy supplies in ALLD. -assisted
countries due to concentration on research and
demonstration, cconomic  uncompetitiveness, and

lack of implementation planning. Moreover, world
oil prices have recently dropped, making it more
difficult for alternative energy sources to compete
cconomically,

Responding to the Administrator™ request to
both reassess experience wvith rencwinle energy
technology and improve the capability of A.LD. 10
implement its renewable programs, the Office of
Energy, Burcau of  Science  and Technology,
AL etated a new Renewable Enerpy Apphica-
tions and Training (REAT) Project July TU8S,
According to the approved project paper, one of
the key project components was to be a “review ol
lessons learned™ from the experience with reneaw-
able energy technology applications in the develop-
g countrics. An iuterim report was 16 be provid-
ed 1o the A LD administrator by mid-1986. and a
final reportin 1987,

The Tnterim Report of the reassessment wis pre-
pared in April 1987, Input into the review and re-
vision of the report has been provided by a wide
spectram of interested parties. In addition to the
circulation of the Interim Report for input within
ALD and to interested outside parties, o two-day
workshop was held from September 29 through
October 1 1987 i Annapolis. Marvland. This
workshop served as a public forum for the eritical
review of the Interim Report and an opportunity 1o
share expericnces and points of view. This wark-
shop was attended by some 45 participants from
the TLS. and international renewable energy and
development commuaties, includimg  representa-
tives from the U.S. rencwable energy mdustry, the
World Bank and the Inter-American Development
Bank, a developing country government, numerous
non-governmental organizations, U.S. Government
agencies, several ULS. national laboratories, A.LD.,
and private sector consultants. Two sessions were
convened at the meeting. The first session critiqued
the Interim Report. and the second session in-
volved discussions of major issues, including issues
assoctted with the supply of decentralized energy
sources for rural and agricubtural development,
houschold fuels supply and demand, and opportuni-
ties and constraints for U.S. (rade in renewable
technology.

This document is the final report specificd by the
Administrator’s original request and the REAT
project paper. The final report attempts to present
a synthesis of lessons learned in the application of




renewable energy technology, to assess renewable outline New Directions for A.LD. renewable
technology status and priority applications, and to energy activities.



THE CHANGING ENERGY
SCENE:

ECONOMIC DEVELOPMENT AND THE
ROLE OF ENERGY

The future role of new renewable cherey resources
and technologies will depend on both the supply of
traditional biomass fuels and the cost, scarcity, and
seeurity ol supple of conventional fuels such as pe-
troleam. At the present time, followime the sharp
declme of ol prices in 1986 and the subsequent
partial price recovery, concerns over price and
supply instability have stimulated 1 serious reevalu-
ation of the nature and scope of all CHerpy pro-
grams.

Economic  growth and increased  agricultural
production in developing countries are recognized
to be partially dependent on increased direet and
indirect  commercial  energy use and inereased
energy mtensity. ! Electricity has been particalarly
important as a stimulus to cconomic growth in the
developed countries, significantly enhancing pro-
ductivity.® Since clectricity supply is highly capital
and foreign exchange intensive, and frequently gen-
erated with imported oil, it is difficult for develop-
ing countries to afford. Lower oil prices have, to
some extent, mitigated the severe oil cost impacts
of the late 19705 and carly 1980y, However, as de-
scribed  further below, developing countries still
face extremely farge oil import burdens, as well as
worsening shortages of traditional fuels.

In most developing countries, rural cconomies
have relied on traditional biomass and other indige-
nous sources of cnergy. Fuels such as wood and
wood  waste, animal dung, agriceltural residues,

P Ramesh Bhata, “Energs and Agrculture m Developmyg Countres,”
Energy Policy, August 1985

“Sam Schurr and Toel Daemstadten, Some Observations on Energy and
Economic Geowth (Prepared for Oak Krdge Associated Universities Con-
fererce on the Future Strategies for Eeonomie Development, 1976)

and water power have been used for centuries to
provide energy requirements for the  houschold,
farm. and small productive enterprise. Decreasing
fuclwood availability, however, poses a serious
problem in many developing countries. In 1980, it
was estimated that 2 billios people depoid an Lio
mass fuels, and that over half could not meet their
mmimum  cnergy  requirements  from  available
sources without reducing the growing stock. It was
further estimated that from 2 to 3 billion people
may be living in arcas of acute fuclwood scarcity
by the year 2000.7

WHY HAS RENEWABLE ENERGY
BEEN GIVEN A HIGH PRIORITY?

Renewable energy technologics utilize direct solar
cnergy, wind, flowing water, biomass, and/or geo-
thermal energy  as alternatives o petroleum or
other non-renewable sources of energy. Use of re-
newable energy sources has been promoted in de-
veloping countries for several reasons. These in-
clude the following;:

Renewable energy sources are indigenous and
available in large quantities in the developing
countries.

B Renewable equipment can be small and fit the
need for rural small-scale development applica-
tions,

Renewables uiilization has the potential to
create rural employment and increase produc-
tivity.

Renewable resouree use has the potential to
save foreign exchange, particularly if renewable

* MR De Montalembert and J. Clement, Fuelwoud Supplies in the De-
veloping Countries, Forestry Paper No. 42 (Reme: Food and Agricultural
Orgamization, 1983),
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prices on rencwable energy competitiveness, see

Appendix D.

The Policy and Institutional Environment

Properly {unctioning cnergy markets are essen-
tial to ensure efficient allocation of resources in the
energy sector for cconomic development. Distor-
tions n energy prices, as well as other policies,
create an environment that can both stifle private
sector inttiative and seriously retard the introduce-
tion of acw alternatives to conventional fuels and
technology. A.1L.ID. has increasingly been focusing
on the elimination of distortions such as subsidized
petrolcum product and electricity prices, tax sys-
tems that inhibit new investment, and the presence
of government mionopolies that stifle the role of the
private scctor.

The economics of renewable energy alternatives
are particularly affected by policies which unequal-
ly subsidize or favor conventional alternatives. In
addition, weak institutions make it difficult to im-
plement new technology programs, requiring prior
investmeut in training, and new program and tech-
nology development capability. Other constraints
include government procurement bias toward low
first-cost rather than low life-cycle cost, as well as

simple Tack of knowledge of the availability and re-
liability of renewables.

Financing of Renewables

Renewable energy technologies are sufficiently
different from  conventional  energy  systems in
terms of their higher first costs, greater perceived
risks, and small scale of individuai applications, to
require alternative financing  approaches (among
other incentives and policies) in order to attract in-
vestors or buyers. Among the characteristics that
constrain renevsatle systems in their competition
with conventional oil and electricity systems are
the following:

& [igher first cost is a characteristic of mest re-
newable energy  technologies.  Although  fuel
costs are non-existent or small, the capital costs
per unit of output are typically much higher
than those of oil or electric systems.

B Perceived technical and financial risks associated
with renewable energy technologies (their man-
ufacture or their purchase and use) are general-
ly higher than for morce conventional technol-
ogies. Although many rencwable encrgy sys-
tems are now reliable and warranted by their



manufacturers, perception of this has lagged in
LDCs.

B Large numbers of dispersed applications make
purchaser financing difficult and expensive. Con-
ventional bank financing of large commercial
lending institutions is not designed to support a
large number of small investments in individual
installations.

8 fmport of renewable technology requires scarce
Joreign In  addition,
cquipment generate savings in fuel and electrici-

currency.

ty payments which are in local currency and
which do not offset foreign exchange used to
purchase systems. 12

FNMendian Corporation and LT Power, Report to the Financing Task

Fource, Committec on Renewable Energy Commerce and Trade (U.S. De-
partment of Energy, Aprid 30, 1987).

purchasers  of

11

Financing strategies will be needed to stimulate
the introduction of both energy supply and produc-
tion cquipment into the rural economy. Similar
schemes for basic agriculture development have
been widely implemented. Credit Institutions’ lack
of familiarity with renewazbles applications, cost,
and performance is a serious related constraint.

What are the implications of these uncertaintios
and constraints for A.1.D. programs and the level of
support which s appropriate to give to renewable
energy alternatives? The discussion below attempts
te shed light on some of these uncertainties and
their impacts on renewable alternatives. The re-
mainder of this report will provide an assessment
of past experience, technology status, and New Dij-
rections for A.1.D.
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INTRODUCTION

Over ahe past decede, there have been a large
nurber of rencwable energy projects and installa-
tons inthe developing countries. Many of these
LD projects or of similar ac-
mternationad

have been past of 2.
development
themselves,

a reduc-

tivities  supported by
agencies and e developing countries
intende:d fead
tion in o1l imports, augment domestic fuclwood re-
and assist i

These projects were

sOUrces, merease energy self-relinnce,
meetng inportant besic human needs, among other
goals. ALD. hus been involved in over 200 [ro-
grawns which contain signtficant renewable cnergy
Asia, the Caribbean, and
Many smaller-seal have

demonarated in using

components in Africa,

Latio America. svstems

been installed  and F.DCs

AL fands.

. RENEWABLE
iE—S

Drograms

OVERVIEW OF
ENERGY ACTY V

Bilateral
ALD. resident  missions
arcas: Africa, Asia/Neor
and the Caribbean. The
(S&T/EY), the
Burzau's Directorate tor
sources, has been involved in
hydro development, renewable
tofuels research and development,
development demonstration,
cnergy systems, and improved energy systems for
agriculture. S&T/EY also provides information and
support to missions active or interested in renew-
able energy activity.

Renewable Energy Project Data Base. During the
course of this reassessment, the need for a compre-
hensive set of hecame aoparent,
ALD. requested Volunteers in ‘Technical Assist-
ance (VITA) 1o compile a data base of ALD.-fi-
nanced rencewable energy project. 1 order 1o pro-
vide ALD. staff, missions, contiaztors, and others
with a centralized source of detailed information
on the development and dissemination of ronew-
able cnergy technologies within the A.LLD. net-
work. VITA identified and assembled detailed in-

by
regional

are administered
witlin three
East, and Latin America
ALD. Office of Encrgy
Science and Technology
I'nergy and Natural Re-
support to - smail
energy  training,
plLotovoltaics
decentralized

CNUTEY

pait of

ana

pregect reports

formation on over 170 renewable energy projects
finarced by A.LD. since 1975. VITA also pro-
duced detailed summaries of 74 projects and brief
projects. Additio .l infor-
A D, Energy Data
m Appendix A ALD.
spending on projects involving renewabic energy s

summaries of 110 her

mation on (e Renewable

Mase s contained project
summarized in Table 1. organized by country (or
regien) and specific
cific figures are orlv approximace, Jue to the lack

techmology. Technoiogy-spe-
of budgeting and/or acconating by technology.

In Asia, ALD. has been heavily involved in re-
newable energy technology development, including
human and institutional development 1o provide
local capaoilitics in renewable energy analysis and
development. Projects in India, Thaiiand, Philip-
pmes, Nepal, Egypt, and Marocco have
tested solar, wind, biomass, biogas, and small hydro
systems for meeting rural and village cnergy needs,
Specific crop
dryers, anacrobic digesters, biomuss pasifiers, wind

Tunisia,

technologies have included  sola,

water pumpers, micro- and minihydroclectric gen-
crators, low cost stoves, and agricultural waste-
fired process heat boilers.

ALD. woodfuel activities in Asia have included
communal and private forestry, agro-foresiry utiliz-
ing multi-purpose trees, and improved  charcoal
stoves. Significant forestry projects were conduct-
ed in Pakistan, India and Nepal; the major im-
proved stove activity was in Thailand.

Africa-based  rencwable energy  activities have
had two major arcas of cmphasis: first, small-scale
rencwable energy technologies for  decentralized
application; and second, increased fuelwood pro-
duction and efficiency in use. Technologies in-
volved included charcoal and wood stoves, wind
water pumpers and electrical generators, minihy-
droclectric, biogas, gasification, animal power, and
solar clectric and thermal technology applications.

ALD. effi rts to increase fuelwood production in
Africa have included a variety of communal and
private forestry projects, with more recent efforts
focused on agro-forestry using. multipurpose trees.
More efficient charcoal stove activities have been
pursued in East Africa in particulur, where local
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manufacturers are now  manufacturing  improved more recently, agro-forestry projects have been un-

stoves developed with ALD assistance. dertuken in Haid and Central America. Examples
ALD. renewable cuoergy  activities i Latin of renewable cnergy activities include geothermal
America and the Caribbean have generally been eaploration in Central America, rural electrification
components of farger energy projects cither multi- i Central America using existing large hydro ca-
tecanology rescarch and demonstration projects, or pacity, and the construction of small hydroelectric
policy analysis and planeing projects whose pri- plants and local clectrical prids in Peru. Multi-tech-
mary goals were o create effective centers of nology rescarch, development, and pilot projects
encrgy policy anaiysis and planning through insti- involving wind, soltar, small hydro, and biomass
tutional and human development. There fiave also conversion have been pursned in the Dominican
been a large number of natural resoarce manage- Republic and in Central America, with the Central
ment projects with fuelwood  components,  and, American Industrial Rescarch Institute (ICATTI).

Tahle 1. A.L.D. Reiiewable Encrgy Projects In Major Recipient Countries
. | ]

Hunding (US89 by tpe of energy*)

Country or region of Aramnal Renewable

projects e tion Hiamase Cookatorves Forestry Geatherinal i Solar Wind not specificd Total

Egypto B2 0N oo e e e e e 449,100 1370100
Near East

Regional 365,300
Bangladesh 925,737 .. 925,737
I 41,081,800 1,700,000 47,500,000 329,000 540,800 975,000 . 87,000 92,213,600
Pakiistirl o e 128000000 oo e e 60,000 12,560,000
Phippines. .o 15,020,000 6,204,000 L 7,150,000 28,374,000
Thaland . 610,231 203,000 SSE000 3,550,000 169,200 70000 2,630,669 12,730,000
[ndonesia e e Bd8,353 SO,000 444,308 SO,000 44308 334761 4,384,600
Asia Regional.. 109,000 109,000
CGruatemala SOO,00 171,000 YARER Y]

Honduras oo . BOT, 600 . 1,800,000 YO12,600
Casta Rica o 490,000 JO0,000 L S50,0000 1,530,000

Louador U 4,000,000 3,000,000
0,000,000 HO,000,00X)

Penuniean

Republic Lo 8,890,000 ... F 160K . 70,400 13,132,400
U e e JTO000 o 4. 081,000 45,000 1,744,000 6,280,00X)
C.abbean

Regional Lo 300,000 00,600
IXHBOUL e 660,000 660,000
Somalit . s TTTTTR £39,000 2,730,500 3,269,500
Sudan....o.oo F P PP PR 2,275,000 8,297,000
Kenyi, o 303050 1,096,950 | 1,600,000
THIHSI RETTTON 1,200,000 206,920 1,548,000
Morocco 36,000 9,600,000 9,636,000
Sencgal . 2,248,067 740,006 . 131,500 5,434,282
Mah . 4,517,000 4,517,000
Niger ... e 761,900 2,279,400 e, SOO000 7,541,300
Veot Africa

Regional 500,000
Zaire 800,000
Botswana 3,304,000 3,304,000
Lesothe L. 1,600,000 1,600,000
Africa Regional Lo 200,000 250,000 150,000 1S000 312,500 927,500
Centrally

Froaded. e eree e eeeieee e er e ren e Ceieaees e eieb i iets eesus i e ae e e e e e b e e e e 350,000 350,000

Total.. C7.010,567 60,511,971 4,551,650 R0482,115 0,583,000 23451,108 9221500 863,232 49,268,726 241,943,919

"Funang data are often unavalable or wnbrguous on specific renewable energy technologios, particutatly of one progect covers a vanety of techneloges . The table shows the
Li's-of-Project (1.OP) tunding 107 the eghty drojects anad subprojects contamed m the A LD Ranewable Energy Data Base (See Appendin Al Funding allocations are only
approximaticons

Source: Volunteers in Technical Avistance (VITA; September [987.
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CASE STUDY 1

HOUSEHOLD FUEL CONSERVATION:
THE CASE OF IMPROVED CHARCOAL STOVES IN KENYA

BACKGROUND: Declining Wood Supply and Rapid Growth of Charcoal Demand. Declining
supply of biomass is a major environmental and social problem throughout Africa. Agricultural clear-
ing of woodlands and wood use as fuel and for charcoal production arc main contributors. Urbaniza-
tion exacerbates this problem by stimulating imported energy use. It also increases wood requirements
by shifting houscholds to churcoal fuel due to energy losses incurred in converting wood into char-
coal.

Types of Traditional Cooking Devices and Efficiency. 1t is estimated that there are about 1 miltion
charcoal stoves in use in Kenya. Household energy use comprises about 7% of national wood energy
demand. The traditional charcoul stove is made by artisans from serap metal in workshops in major
urban centers. The efficiency of the traditional stove is only about 20,

Lfforts to Conserve Weodfuel In 1981, U.S.A.LD. inivated its Kenya Renewuble Energy Develop-
ment Project (KREDIP) to provide technical assistance, minor funding for evaluation and testing, and
initial improved stove demonstration.

TECHNOLOGY SELFCTION AND DEVELOPMENT: Early in the project, it was decided to
adopt a pragmatic approach to selection and a private sector-oriented approach to stove promotion.
Stoves were to:

L onty be an ieremental step in technology;

2. nvolve only a moderaie cost increase:;

X use primarily existing production and marketing systems;

4. be adapted to traditioral cooking methods and foods;

5. represent a clear improvement tor the consumer;

6. usc readily available materiaks and skills;

7. offer significant profits and case of manufacture for producers;
8. offer potential tor farge-seale introduction and fuel savings; and
9. mamntain acceptable levels of carbon-monoxide production.

Laboratory and Field esis. A variety of different stove innovations were tested by the KREDP.
The Thai bucket type stove proved to best meet the above criteria, The lead role for testing and
development rested with the ALD. contractor assisted by the Intermediate Technology Development
Group (ITDG), the Kenyatta University Callege (KUC), and the Kenya Energy Non-Governmental
Organization (KENGO),

DISSEMINATION AND MANUFACTURING: Dissemination Strateyy. The KRIEDP program re-
quired the production and sale of only 5.000 stoves. It did not define a dissemination program.

Tec'inical/Financial suppore. Technical support was provided to numerous prospective private
manufacturers. A study tow was also sponsored to Thailund to observe stove production and market-
ing.

Training. Once the Kenva Ceramic Jiko (KCI) was shown 1o save chareoal and meet with user
aceeptance, the activities at government agroforestry centers were expanded. These activities suffered
from a number of problems, however, including the lack of staff experience in production methods.
ceramics, and kiln design.

The KREDP supported several smail-ceramics producers by providing limited financing, Howev-
er, the greatest production occurred at one manufacturer, Jerti International, which had its own fi-
nances and a skilled potter.

Marker Development and Marketing. Only Jimited promotion and marketing assistance was provid-
ed for the improved stove. Non-governmental organizations, particularly KENGO, became very
active along with KUC, in both further testing and evaluating improved sfoves, and training. Lunited
assistance was, however, enough (o gradually generate a significant demand and interest on the part of
the public.

RESULTS: Production and Marketing. 1t has been estimated that there were 30 commerctal pro-
duction units for jikos by 1986, with praduction between 6,000-8,000 per month. Total units produced
were estimated to have been about 125,000 by mid- 1886, Quality of the ceramic liners for improved
stoves remains o problem.

Post- KREDP Projects. Alternative ‘Fechmology International, with ALLD. funding, designed and
implemented a production expansion project in 1985, The project was to establish 20 additional im-
proved stove production centers. This project was prematuiely halted in 1986, Another project has
been nitiated by CARI in Kenya and has suceeeded in the introduction of a partially automated clay
liner production technique.
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CASE STUDV 2

RENEWABLE ENERGY TECHNOLOGIES FOR CONSERVING
FUEL.WOOD: CENTRAL AMERICA

Background. The Fuelwood and Alternative Energy (FWAE) Project sponsored by ALD. in
Guatemala, El Salvador, Honduras, Costa Rica, and Panama provides a number of lessons regarding
the dissemination of energy cfficient designs and renewable energy alternatives in rural areas. Begun in
1979, a major theme of the FWAE Project was to assist in alleviating the critical problem of deforest-
ation occurring in Central America. The two components of the project were development of im-
proved fuelwood supplies and dissemination of suitable renewable encrgy technologics and more effi-
cient means to wtilize fuelwood.

Implementation. Responsibility for development or modification, demonstration, and dissemination
of energy technologies was given to the Central American Industrial Research Institute (ICAITD), a
regtonal institute that conducts rescarch and development for industry. In addition to technology de-
velopment and demonstration, ICAITI conducted training sessions and seminars, published reports,
and provided techmcal assistance to commercial applications. The project included combustion tech-
nologies (domestic wood stoves, industrial kilns and ovens, and charcoal kilns), solar energy technol-
ogies (fuelwood and agricultural dryeis, salt evaporators, and hot water systems), and domestic and
industrial scale biogas,

Many other organizations were involved in dissemination of technologies developed by ICAITI,
and in some cases provided important feedback on technology design. The importance of listening to
people in the field was borne out in a number of cases. ICATT) was amenable 10 mid-course corree-
tions, such as occurred with the houschold stove program. In this case, the initiative (to switch from
promotion of Lorena-type stoves to pre-fabricated ceramic stoves) came from within ICAITI and re-
sulted in commetcial dissemination of artisan-produced stoves in rural areas.

Technology Experiences. A recent evalvation of the FWAL projeet found that acarly all of the
technologies that have received a high level of acceptance had significant local input in design and
adaptation and significant private sector participation in thzir promotion.'2 Several technologies pri-
marily built and promoted by entities other than ICAITI (including PVOs and NGOs) inclueded char-
coal kilns, solar salt evaporators, Lorena-type and pre-fabricated ceramic stoves fer households, batch
bread ovens, and institutional stoves. Private sector individuals were involved in all of these except
the Lorena-type stoves. Many attempts were made by different organizations to initiate small, private
businesses based upon Lorena stove construction, but none endured very long once donor intervention
terminated.

The solur salt evaporator has been the most successful technology in terms of fuelwood savings,
environmentil impacts, and generation of employment and small industries. FCAITI testing of &
simple, inexpensive black plastic design in Guatemala and collaboration with government programs
{including incentives) has resulted tn a whole new industry for coastal inhabitants. ICAITI originally
developed an improved fuehwood salt evaperator, bat before testing wa: compiete, the decision was
made o concentrate entirely on the promotion of solar alternaiives. Th= initiative for this change
came from a Honduran organization. The main rationale for introduction of the technology, which
required harcly any promotion beyond the initial demonstration of the designs, was to help the small
producers become more competitive. In Honduras, ICATTT promoted successful interchange between
small local salt producers and Guatemalan counterparts. The solar salt patio design has quickly
become the predominant mode of production, replacing the cooked salt process that required wood.

Other technologies buve met with low acceptance. These include solar fish and agricultural
dryers, biogas digesters, and continuous bread ovens. The project was successful in increasing aware-
ness of soiar agricultural dryers and demonstrating the technology in a variety of designs, but the
demonstration units were small and cheap and not market-oriented. Those with the initiative and
imagination necessary to adapt the demonstration models to their needs went on to successful applica-
tion, however.

Lessons Learned. The most successfully implemented technologies were those that incorporated
the highest degree of local user input in technology design wnd adaptation and the greatest involve-
ment of the local private sector in dissemination. In general, the project appears to have predefined a
wide range of teehnologies based oir quite fimited market analysis. 7 here was a bias toward a narrow
engineering approach rather than o market-oriented one and an emphasis was placed on technical
design wnd demonstranon rather than practical field evalvations with the consistent incorporation of
feedback. In mimy cases there was premature demonstration and dissemination with lttle fellow-up
and numerovs abandoned units.

et and Associates, Evaiuation of TCAITI, Fuelwood and Alternative Fnergy Sources Project, and Regional Industrial
Lreryy Efficiencs Project, Sept 1987
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Despite these problems, the project has succeeded in disseminating several renewable technol-
ogies for productive use, three of which have proven sustainable through the private sector (solar salt
dryers, batch bread ovens, and pre-fabricated ceramic cooking stoves). In several cases (brick and tile
kiln, ceramic cooking stoves), initially inappropriate designs were modified incorporating critiques and
suggestions of artisans and other users, resulting in vastly improved designs.

Lack of participation con be fatal to a project.
For ap Indian integrated village energy system, the
villagers were supposed to feed dung into the
biogas digesters and use the residue as fertilizer.
However, the local farmers used dung directly as
fertilizer, not believing that the residues of the di-
gester would be as effective. As a result, dung had
to be trucked in from a constderable distance to
keep the digester running, 1o

Project ideas and  designs cannot simply  be
travsplanted froam place o place. Appheations
must be talored to local marker, physical, ma-

terial, institunonal, and cconomic conditions.

Failure of projects which have not been matched
appropriatefy 1o local needs und s cial customs in-
clude solar cooking projects o Atrice and a non-
ALD. solar cooking These
were  technically effectve,

m  Mexico.

nragect

bui unacceptable 1o
local recipients, and demonstrated the importance
of matching  appropriate interventions  with
needs. U On the other hand, the successful applica-
ton of microhvdropower in Nepal is in part the
result of the weehnology heing well matched 1o
local conditions and o a needed end use. The Nep-
alese have long eapioited Lydropower and have ox-
tensive experience o dam and canal cngineering,
The hydro cquipment o solid as part of an integrat-
ed package of mill cqueipment that includes griin-
Thie

package 1y well sutied o the local market in size

grinders, oil expellers, and  dehuliers mili
and complevity, and loans are available o il
owneis who wish 1o purchase the equipment.®
Similarly, vse of photovoltaic cells for remate vil-
lage power supply in various islands of the South

U ndia: Technologies for the Rural Poor, varions o uations (August
19%6)

PUOMark Ward, Jobn Ashiw arthe and Gicorge Burrdl, ot ad, Renewshle

Energy  Techrolugies in Afrea (W oashingeton,
1S wp B2 B
Desvelaped Conntries” Renewable Energy Resocrees and Rural Applica-
tions in the Develaping World (30n0ter, CO Wetvien Prose, 19I8) »
4]

HAshworth, Renewable Euengy Syatems

DCUSATD. Apnl

* Norman b Brown, ed USolar EBnergy o the Lea

Sppod L5 0, S-N

Pacific is proving to be attractive with a reported
2000 small PV systems installed. 16

Project design should factor in the ovailability
renewible resources,

and nature of local

local human resources, and institutional capabiiities.

cnergy

This means that projeet design requires a consider-
able  amount Iformation.
Design should aiso not stact with preconceptions

of relatively  detailed
about which technolopy to apply. For example, in
Honduras, 23
ALD. project, but only two units were msalied

wind units were planned for an

after local energy requirements, wind availability,
and the local water table were Later tested. U7

. .

@ lLack of attention 1o “after-sales™ service (main-
tenance, spare parts, and local skills develop-
ment) has often proved fatal to both demonstra-
tons and attempts to commercialize a technolo-
gYy.

If an application is (o be sustainable, it needs to
be backed by a reliable system for maintenance ana
spare parts supply. Also, it must not be too com-
plex and should mclude fraining. This will ensure
that continued operation does not depend on con-
tmued  foreign technical assistance or on one or
two local individuals who may move on to other
activities,

Biogas projects have frequently failed because
they were inherently o complex and capital in-
tensive tor the rural houschold. This has been dem-
African
projects in Rwanda and Lesotho, wnd also in Gua-
temala and in the Pacific Island of Saipan. On the
other hand, for larger-scale nonhouschold biogas

onstrated in many  cases, notably in

applications, a supporting system is much more fea-
sible using the preater funds and labor available, '8

The successful experience of the Kijito wind ma-
chine in Kenya also illustrates the need for a sup-
port system. I this case, a local entreprencur was

World Healt?

drgamzation, The Cold Chain Product Information

Sheets (SCPDIR S5 115),
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Y Ramsay and Zmk, p. 8
YW lhud, p.o 10
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CASE STUDY 3

PHILIPPINE OENDROTHERMAL. AND GASIFIER
EXPERIENCE

Background. Use of biomass energy resources was given a major priority by the Philippine Gov-
ernment in the fate 1970s and carly 1980s in responsc to the need for reliable aad =conomic rural fuel
supplies. Two programs were sponsored focusing on providing fuelwood for conversion into electrici-
ty via direct combustion (the dendrothermal program) and into fue! for internal combustion engines
using a gasification process.

Program Descriptiens. The dendrothermal program was to establish tree plantations to provide
fuel to electrical plants producing 3-5 MW cach. The program called for 72 individual power plants
throughout the country. The program was managed by the National Electrification Authority (a gov-
ernment agency attaciied to the Ministry of Human Settlements) in conjunction with an association of
rural cleetric cooperatives. NEA pravided technical and financial assistance to the cooperatives and
coordinated program implementition on a national seale. NEA was also responsible for coordination
of tree species trials and establishing a network of fuelwood plantations for the dendrothermal power
plants. Plants were to be owned and operated by rural electric cooperatives, supplementing the power
purchased frem the Natonal Power Corporation. Tree plantations were established in close proximity
to the power plants to satisfy the fuel reqeirements of the wood-fired boilers. The plantations were
operated by local farmers on marginal land and were intended to provide supplemental income to
rural houscholds.

In a second simifar activity, a pasification program was developed to provide power for irrigation
pumps and stall commervial vehicles by converting biomass to gascous fuel. This program was man-
aged and implemented by the Farm Systems Development Corporation (FSDC), a government-owned
corporation also attached to the Ministry of Human Settlements, To implement this activity, FSDC
established the Gasifier Manutacturing Corporation (GEMCOR), FSDC purchased and installed the
gasitiers at selected irrigation cooperatives and on a fleet of FSDC-owned service vehicles and pro-
vided user support and training, as well as teelwood production assistance.

The common elerient of both programs vias rural tree farming associations. Farmers wishing to
participate received tand, materials, and technical assistance in growing trees. Scedlings were provided
at cost, with financial assistance for other necessary iputs. The harvested trees were to be cither sold
directly to the power plants or converted to charcoal for gasifiers.

tmplementation. There were numcrous problems with implementation of the programs. Tree spe-
cies trials were incomplete, leading to a low overall survival rate after four years. approximately 329,
The technology selected for use in the gasification program had not been field proven and, in most
cases, operstor training was nsufficient. Furthermore, FSDC did rot have the echnical capability to
resolve gasifier problems. In addition, charcoal and fuelwood prices grew much more rapidly than
expected.

The wood-fired power plants also experienced a host of technical and management problems. In
order to be cconomically viable, these plants had to be base-loaded, but in most regions loads were
insufficient. Also, the National Power Corporation wis not involved in the planning and implementa-
tion, to the detriment of the project.

Status. By 1984, only two of the projected 72 dendrothermal power plants had been fully con-
structed, and those plants enjoyed intermittent use only. Construction had been started on seven other
plants, and equipment was on order for an additional eight plants. Contracts for additional sites were
indefinitely suspended until an acceptable level of progress was made at the existing project sites. In
the gasifier program, more than 1000 gasificrs had been sold by the end of 1985, However, as few as
five percent were operational, and ihese were installed in stationary (irrigation pump) applications.
These sold to private individuals and companics enjoyed the greatest level of suceess.

Lessons Learned. The common problem thronghout both the above programs seemed to be em-
phasis on rapid widespread introduction of technologies (tree plantations, pasifiers, and wood-fired
power plants) without proper preparation of the host country institutions and adaptation of the tech-
nologies to suit local conditions. Tree species trials were inadequate for different sites. The gasifiers
needed better technical and training support prograns, including a full-time staff of well-qualified en-
gincers. The dendrothermal program suffered from the introduction of equipment prior to pilot plant
testing. There was a'so insufficient field support by the equipmient manufacturer and NEA. In some
cases, Lailure of plantations planted close to the power plants required purchase of fuel from commer-
cial sources at much higher prices.

In retrospeet, it appears that the social benefits of establishing tree plantations managed by small
holders were overestimated and complexity of management was underestimated. When matched with
the technclogy related problems encountered with the gasifiers and wood-fired power plants, the
problems proved too complex to overcome.

[39]
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Contrasting experiences with gasifiers in Brazil
and the Philippines are also relevant. Gasifiers in
the Philinpines were manutactured by a parastatal
organization (GEMCOR} and sold to end-users
through a sister agency (FSDC), which provided
financing and was 1o provide technical support.
Neither FSDXC nor GEMCOR provided sufficient
training and support to the end-users, which led to
significant operating problems and near total aban-
donment of the systems (See case study). In Brazil,
on the other hand, there is an active gasifier indus-
try that has widely disseminated gasifiers for de-
centralized direct heat applications. Some members
of the Brazilian industry have been successful in
traimng to gasifier operators, which has contribut-
ed to a much better operating record in Brazil 2!

The Nepal  mentioned
above are a product of the private sector. There
are over 25,000 traditional waterwheel-driven grain
grinding wheels in use in Nepal. The new equip-

micro-hydro  mills

ment bailds on this existing demand, familiarity
with water-power, and existing dam works; water-
wicels are replaced by simple crossflow tirbines,
and  modern milling
wheels. A commiercial industry has sprung up with
four or five domestic turbine manufacturers (four

equipment  repiaces stone

purcly private, one PVO affiliated); several of the
manufacturers have implemented over 100 hydro
mills apiece. The turbines are direct-drive, with a
variety of agroprocessing equipment running of? o
common power shaft (belt-driven). The agropro-
cessing cquipment and small genermors includes
grinders, dehallers, and oil expeflers. The (urbine
manufacturers  generally assemble  entire milling
packages of turbine plus processing equipment, and
install the entire package. Al the packages are
sold, to private miilers. These mills are much less
expensive to operate than diesel driven mills (in-
cluding capital costs) and are much more reliable.
They carn their owners substantial profits, which
results both in growing demand for the mills and in
the owners taking good care of the equipment.
This is a good example of private sector implemen-
tation, with the private sector on btk sides of the
transaction, cconomic incentives for producers to
buy the cquipment, and strong competition and
marketing among the turbine manufacturers. 2#

“VGerald Foley and Geotltey Barard, Biomass Gasification in Devel-
oping Countries (Farthan HED Tondon), 1583 pps. 8288 Gerald
Foley, Charcoi' Maning in Developing Countries  (Earthsean/HED
London), 1980 pp+ 14 36 Mathew Mendis (Worlld Hunb), personal
communication, December 11 1987 The Werld Bank Bnergy Brepart-
ment recently condected an assessment of gasifier staius, report forth-
coming,

2 Atlan toversing Microhydropower Sourcebook (National Rural Llec-
tric Cooperative  Asocation Interaational - Foundation . Washington,
D.C.), 1986 pps. 225-247.
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# Rencwables® market penetration is seriously im-
peded when other fuels are subsidized or other
unfavorable policy conditions exist. Policy con-
ditions require up-front attention in A.LD. ef-
forts to support renewables introduction.

Governments play the primary role in setting the
energy and cconomic policy environment within
which the private sector must operate and within
which renewables must compete. Even in a coun-
try with relatively free private markets, the gov-
ernment influences private sector decisions through
such actions as tax and import policies, capital allo-
cation and pricing, energy price controls, and by
the  purchase cquipment  for  government
projects. Frequently, the goveramerd also inter-
veues inomarkets by establishing limits on institu-
tional roles and rights and other constraints on free
market forces.

of

A prominent example of the importance of gov-
ernment  pelicy  regarding  the  introduction  of
energy resources is the promotion of electricity use
by subsidizing rates. These subsidies often become
disincentives 10 the introduction of competing re-
newable clectricity systems. Access to the grid and
sales to utilitics on reasonable terms are important
for alternative power supply projects. This ap-
proach has greatly stimulated small-scale power
gencration i the United States, for example, from
small hydro, wind. and cogenceration plants. Simi-
larly, subsidized diesel adversely affects the deci-
ston e install PV systems in many countries, and
subsidized kerosene contributes to the uncompetiti-
veness of biogas.

B Learning from past experience is  severely
handicapped by lack of adequate documenta-
tion of successes and failures. tmproved inter-
change of results and methods of application
could make a mujor difference in the rate of
furare success.

Generally spesking, evaluation veports prepared
for A.LD. renewables projects have beea well-de-
signed to address task accomplishment. However,
they are deficient in evaluating costs, competitive-
ness with alternatives, degree of appropriateness
tor the targeted need, or prospective sustainability.
These limitations can be overcome it in the future,
projects themselves pay greater attention to cost
and other documentation, and evaluations focus
less on task and more on overall goal accomplish-
ment. Another serious problem is the lack of sys-
tematic collection of information on project success
and system performance. This information is also
not reaching program and projec: managers ade-
quately o affect management and technical deci-
sions. Projects also have been observed to be too
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apita GNP growth rates of 4.5%; LLDCs whose
public sectors utilized more than hall the available
credit had GNP growth rates of under ', with
many of the countries having acgdative growth

rates.?® Another important factor is the nature of

the rural energy market, which cousists of a large
number of heterogencous and dispersed applica-
tions. The rural repewables market appears best
served by a dispersed and  competitive  privawe
sector. Finally, experience to date casts doubt on
the ability of public sector entities in most LDCs to
dehiver rural
common constraints include shortages of financing

reliabie cnergy supplics to ardis;
ard skilled managerial and techmeal personnel and
bias in allocation of ecnergy investment (o urban
areas.

Another factor favoring a privete sector emphut-
sis in rencwable energy technology application s
the example of the United states, where implemens-
tation of private power production and sales has
been a major success story, This suceess is due m
part to favorable legai/regnlatory  environments,
government mneentives, and subsidies,

The private sector emphasts inorenervable energy
aciivities s also consistent with the Froad themes
of ALD. policy and with current and plany =d de-
velopment acuvities. ALD. [aunched the Private
Snterprise Initanive e 1981 The purpose of the
Loitlative was too help developing countries rely

“Renth Massden, UPovate BEoterpose Boosts Growth,” World Bunk
Report (1955)
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wore upon private enterprise, individual entrepre-
neurship, competition, and market forces to foster
broadly-bas :d self-sustained cconomic grewth. Pri-
vate sector astivities common to the three regional
burcaus include policy dialogue efforts to improve
business condittons, technical assistance and train-
ing, rechnology transter, and various credit related
activities. =9

While ALDUS privade sector initiatives are 2oil-
cerned primarily with the development of LDCs’
private sectors, the LLS. private sector can be a
valnable part ol the strategy to help achieve this
zoul. The use or invotvement of U.S. firms is p-
other increasingly relevant goal of the priv te
sector emphasis, and U.S. industry has a legiimate
role to play in ALD. energy programs. IFor exam-
ple, some U.S. firms’ renewable technologies are
currently more competitive in off-grid  situations
common i LDCs than in on-grnid applications in
developerd counteies. ULS. teehnology traisfer and
citreprencurial skills can also play a valuable role
m stimulaung LDC private enterprise. U.LS. private
sector involvement is in the long-term interest of
the United States since it wilt Lalp stimulate trade
and commerce in general. LDC cares can also be
valuable to ULS. industry in order to help produc-
ton volume reach levels necessary to lower pro-
duction costs and allow invesrment i further prod-
uct and production research and development.

Yaaren Chrstopherson, Agency for Jnternetionsl Developmert: Cur-
rent Activity in Private Enterprise Developmer 1985-1988, PRC/CIDL 5/
DL



STATUS OF RE

INTRODUCTION

Renewable eneray technologies must compete in
terms of performance and cost agaist more tradi-
delivering energy services, The
must be site-

tonal means of

actual choiee of energy technology
spectlic, reflecting the varving niix of material and

human resources and availability of renewable re-

sources. This section containe four major parts
dealing with the status of renewable technologies
and therr uses: fieste a generalized summary of the

technolopy status wnd applications: second, a de-

seription of opporc s for further technology
development; third, @ review of some of the najor
civironinental benefits and problems with renew-
ables and competing alternatives: and fourth, a de-
seription of th: potential role of renewable cnergy
sources and technology in assisting rural develop-
ment.

STATUS OF RENEWABLE ENFRGY

TECHMOLOGIES

The discussion below provides @ overview of the
current (late
the various technologies. The discussion provides a
guide to the general applicability and competitive-
difierent najor renewable  alternatives,
usig the experience of the past decade as a base.
A briet synopsis of the status and competitiveness
of renevaable energy technologics s presented in
Table 20 This summary material is elaborated on in

the ody of this section.

ness of

In comparing rencwables with various conven-
toual alternatives for delivering CNergy services, it

is important to keep the following general poitits in

mind. Renewable cnergy techrologies mase use of

energy avatlable on or near the site of application;
thus the cost of encrpy from them varies consider-
ably depending on where they are employed. Fur-
ther,
newable energy technologies, awhich usually have
low operating costs but high capital costs, it is im-
portant to remember that this often depends on fi-
In many cases, it will also depend

when one speaks of cost-effectiveness of re-

nancing terms.

LOSTY states and competitiveness of
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on the path of oil prices over the next 10-15 years.
Finally, vwhere use of rencwable energy technol-
ogies resuits in generation of local ciployment,
saving of foreign exchange, and environmental ben-
efits, an application that is financially marginal may
be attractive from an ccononie or social point of
view,

DESCRIPTION O RENEWABLE
ENERGY TECHNOLOGY STATUS
Photovsltaic Electricity Generation

involves conversion
The modular
systems o be

Photovoltaic (PV) technology
of solar radiation into clectricity.
nature of the technology allows
scaled to meet a range of energy demands. PV Sys-
tems have proven reliable in a variety of develop-
ing-country  applications, includmg  small-scale
water pumping, communications, and refrigeration
and lighting for rural health clinics. Technological
mnovation and increased scale of production have
resulted in o decercase in the cost of a PV module
from $100 to 35-6 per peak watt in the past 15
years, and further decline is expected as teehnolog-
ical advances are incorporated  into commercial
products.

Although PV costs have
in the past five years, the high capital cost remains
to dissemination. On a life-cycle basis,
however, PV systems are often cost-effective for
off-grid loads under 1 kW where alternative fucls
arce expensive and/or supplies are unreliable. (Note:
alternative to PV systems,

dectined considerably

a barrier

Diesel engines, often the
are not available below about 2.5 kW
L.DCs) ' The high reliability, low maintenance re-
auirements, and long life of PV systems are factors
in their favor. For vaceine refrigeration, for exaim-
ple. the greater reliability and longer lite of PV re-
frigerators, contrasted with problems of kerosene

for use in

availability and refrigerator performance, make PV
units attractive despite much higher initial cost, 1t

"D Eskenazic DL Kerner, and 1 Slominsks, Evaluation of International
Photovaltiic Projects, Vol T and H (Falls Chure b, VA: Meridian Corpo-
ration, September 1956)



TABLE 2. SUNMMARY OF TECHNOLOGY STATUS AND APPLICATIONS

PHOTOVOLTAICS, Photovoltaics (PV) have proven to be retiable in developing country appli-
cations, in remote arcas, and when power requirements are smuadl but important--for example, for
communications. refrigeration, and for yemaote health factlities. At very small volumes (10-20 cubic
meters) and in fivorable solar conditions, photovoltaes are competitve with diesel for water pump-
ing.

WIND MECHANICAL PUMPING. The main applications of wind mechanical pumping are for
village water supply and livestock waterny, Wind pumping competes fvorably with diese] for water
pumping when wind speeds are poad o0 vhiere water volumes are low

WIND FLECIRIC GENERATORS. Wind clectric power generation for small loads is generally
competitive with P or diesel whiere wind speeds are pood. Wind also is techmealiy proven for larger
grid-connected systens ueder appropriate conditions. Viabititv, however, 18 evtremely sensitive to
wind conditons at specitte sites and alternative fuel costs,

BIOMASS FULELS—DIRECT COMBUSFION, Dircet combustion of wood or other biomass for
steam-raising cin be cost-effective, though further scaling down of currentlyv availuble svstems is nee-
essary tooserve the small size (25 200 KW) of many developing countiy applications. For electricity
generation. the competitiveness of biomass combustion depends hicavily on the relative cost of biomass
fuel versus other alternatives, achicving minimum econonie plant size and tuel collection cost. Prom-
isingapplications nchude use of wastes at sugar mills, wood product indusiries, and larger rice mills,

BIOMASS FUEFLS —GASIFIERS. Gasifiers are coming into fucly commaon use for direct heat
applications with o variety of feels o number of developing countries. Expetience with gasifiers
with intertal combustion engines has been mostly unfavorable, thongh e of homogenous feedstocks
and competent maintenance can resubt e cost-cfivetive power production where diesel costs wre high.

BrOMASS FUFLS—BIOGAS, Success with biogas has heen achioved with commercial-scale sys-
ters where biomass feedstock s available onssites Household svstems have frequently been found to
be uncompetiive with other fuels, hard o matntain, and difticult 1o manage.

ALCOHOL FROM BIOMASS, The viability of ethanol production, from sources such as sugar
cane, as i substitute tor gasohne depends upon the domestic cost of oil and the value that is placed on
other factors such us forcipn exchange savings and employment generation. Althougl ethanol produc-
tion s not eenetadly competitive at current oil prices, there are cirenmstinees where it may e eco-
aomically viable

SOLAR WATER HEATING. Solar water heating is a0 woil-developed commercial teshnology for
uban residennal and commerciad purposes. 1 is often competitive with electricity for water heating,
Industrial solar water heating is not generally attractive at currcnt oil prices,

SOLAR DRYING, Solar drymg by newly developed systems s feasible technically for agricultur-
al drying. bue it has not been widely nsed due to refatively higher cost compared with traditional
systems. The energy and costs saved by solar drvers is normally relatively small, though the improve-
ment o product quahey s Tikely (o be sieniticant.

SMALL HYDROPOWER, Small-scade hydropower is a proven and common technology in the
developing workd for the production of oft-grid clectrivity and the delivery of shaft power. Low cap-
it costs (for example, from domestic manutacture and enginecring), good water conditions, and high
foad factors are necessary for small hydropower to compete with ocher resources in electrical applica-
tons.

GEOTHERMAL Geotin imal reservoirs can be tapped to provide steam for electrical power pro-
duction at a riange of scales. Geothermal resources have been successiully tapped in many developing
countries and represent o proven and normally attractive means of usig domestic resourees for power
generation. The mam constrinnts are avadability of geothernal resources and Jocation versus clectrical
toads, Lower tempetature reservoirs which are more widely distributed can provide direet heat for
mdustrial processes,

SOLAR THERMAL ELECTRIC, Solar thermal clectricity generation is in small-scale commercial
use in Cabitorma, where favorable conditions exist.
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tion. Where this adds significantly to the value of
the product and lugher revenue can be received,
solar dryers may be costeftective.

Solar drvers that have been built (mostly by re-
search stitutions) exhibit great variety i forms,
wsed, ol products

construction  materials

dricd. performance obramed, and costs. Small pas-

types

sive solar dreyers have been used with Iruis, vege-
tables: cacao. and tish: Targe <olar drvers (capacitios
ol severat undred Kilogrames have been developed
to-dey paddy o the war season i Thadand end the
Plulippines. Tn comparison with ainbient-arr drving
syatems, solar drving presents several advaniages,
These mebnde more rupad drving toften anproach-

i

e cnat o facked eversy tngher ualin, ed dnied
producis tdue o controled rate of moisture e
moval cod nsnbaton of the product from external
agent~ioinuch lower operattng costs than m tueled
dryvmy and posabiblity of use moremote areas where
COHN «‘IHI\'I).’IH} tucled CRHCrSNy SOUrces are saaree.
Portornimee of solar drvers has vaned consider-
abby o depondme oo the chimaces the destan and rate
of nnthieation of the amt Posive rosulis have been
achieved mo b NMedivermmean and deyoor hunnd
iropreal climates Costs tor finshed products, on
the basis of & “nnkey 7 aendlation assembled on
st have been estimated o beiween So0 and S400/
for ait per kg of water

m= ool collector o ~I°

cvaperated  por odave bor o best perforouncee, units
niast e custen-nunde Cperating Cosis are compa-
rable to those v olved e naral devinge For fanmn
and nmitermoditesseale appheatons (such as o co-
operiiives) solie drvers appear competitve with
artfictal drvers swhere there ts o hor and relatively
dry chimate, wvadabifiey o meapensive labor, prod-
tcts whose maoisture content must be reduced dras-
veallve and revalion avarkabiliny of products o be

Jdried throue o the vear

Hydro Power

Fhe harnessimg of the encegy e Gedhig water for
mechanical purposes and clectrieny generation has
heen common practice for decades, Large dams for
ot hundreds or thou-

clectricity even

sinds of megawatts honve recerved the most atten-

Qoicniation

ton, but simadler water Jows can provide cost-el-
fective poseer for the erd and for productive rurul
uses aswiny from the gids smali-scale hydropower
(generally defined as Tess than 15 MW s m use in
DO
manutfactured i soveral developmg countries. In

around 20 and cquipment v aow being

many cases, sneildl ivdropower sites prunaniy cerve

a focal demand such s power for an imdestnal

plant or for irrngation,

S Ecien s Deviog Pood Products i the Developing Countrics (Bros

seiv Coammpeseen o e b propean Connmumities, 19-%)

36

Micro-hydropower wenerially refers 1o sites of
fess than 100 KW that can provide sither clectrical
or mechanical power to serve sma l loads such as
agroprocessing and mulling, In many parts of the
world, the technical expertise necessery 1o succeess-
fully meplement mucro-hyvdropower projects is lo-
cally available. Projects generally vse simple, inex-
pensive equipment that often can be fabricated in-
country. Entreprencurs in Nepal, Pakistan, India,
and clsewhere have begun manufacturing turbines,
penerators, and end-use cquipment, and can pro-
vide Uturnkey package™ service to rural customers.

Costs and operating characteristios of small-scale
hydropower are dependent on parameters such as
aie waer ead, tiow rate, and the civil works re-
quired, as well as the capactty utilization factor in
operation, which depends on power demand and
flow varmnon. Local mnovation has reduced the
completed cost of sonie small-scale hydro projects
from the S3000 10 $6,000°kW typical of heavily-
cngiineered overseas sysicms tooas fow as $1,000 to
S2O00- LW 2E AL S3000/KW, the
from num-hydropower ranges 1rom around $0.157
KWh at 309 capacity factor 1o less than $0.10/
KWH at 5097 capacity tactor” Thus, o good site

levelized  cost

matched wuh an appropriate demand  will often
provide cheaper power than diesel genceration.

Geotherma! Energy

Cicothermal energy provides heat and base-load
clectricity in many countrics. Geothermal electric
capacity in developing countries as of 1986 was 894
MW in the Philippines, o485 MW in Mexico, 95
MW n Bl Salvador, and o total of 147 MW distrib-
nted among Kenya, Nicaragua. Indonesia, Turkey,
and China. About 50 other developing countries
have been identificd as having potential for geo-
thermal development.®® Some field development
had
some degree ol exploration had been done in 30

oceurred i oseven of these as of 1986, and
other countries.

Electric power can be generated economically
with reletively Jow-temperature geothermal  fluid
(about 1207 to 180°C). Duc to the cost of exploring
and developing  the resource, geothermal  power
mostly large  (tens of
mepawatts) size. In the past five years, however,

plants  have been  of

smadler systems have come into commercial use.
Ready -to-instalt turbo-gencerator packages in the |
to B3 MW range have been operating reliably in

SENIGECAL Decentratized Hydropower in AL Deselopment Assist-
ance Program (1988

UStratesies Unlimited. Smadl-Seate: Hydropower Murket  Analysis,
Daratt (1957)

M Mendian Corparanon boreign Geothermul Energy Market Analysis

{1987



the ULS. since 19830 Their small size allows for in-
cremental development of 4 veothermal well-field
or for use at isolated or off-grid sites. Uise of Ran-
kine cvele engines allows utilization of lower jem-
perature resources cdown to 120C) than was pre-
Viously ceonomical. Cour on 1987 1200 kW
power plant (dehvered mothe U1S) was 3800/

KW =5

for a

Solar Thermal Electricity Generation

Electricity productnon from selar tharmal sys-
tems has been demonstrated tor o variety of large-
scale technologies These include parabolic dish
and trough systems, central recciver svstems, and
solar thermal ponds, which are operating i fsrael.
Privarely-financed pow or ststions ing parabolic
troughs are now producing clectricnty for utilities
moSowthern Calitorni under very favorable utility
TOR7 the
toval mstadled capacity of s stattons was 138 MW,

purchase arrangements. A the end of

PRIORITIES FOR TECHNOLOGY
ODEVELOPMENT

substuntiad provress hus been made me the last 10
vears o the desien, st and commercializition

of nany renewable energy technologies. Some of

these technologies represenc export opportunitics
tor the developed countries, for examplie, wind
clectne svateins, photovolimes, large bicninss com-
lL'\‘hIlU]Ug_\'
secthermal technology and

hustion wosternse aleohal production

and equipnient. and

cuuipieeae Others, such as wind mechanical pump-
Ny equipment. biozas, solar deving, smadl hivdro

power, and tradiiional biemass utilization, are more

Itkely 1o reninn tocally nemutactured. In both
arcis howevers the review conducted  for this
report hias adentificd: Go omarket opportunities

which have been nussed. (b incomplete technolo-
ey development for major productive applications,
and (o) imadequate pursuit of potential for technolo-
gy cooperation between the United  States and
1.DCs

Fhe development, manufacture, and sales of re-
newable energy technology presents o major op-
portunity both for developing countries and for
LoSemdustrys Developing countiies are in a posi-
ton o exploit the opportunitios identificd i past
projects, but ~sull must further develop some tech-
nalogies and establish further Jocal production ca-
pabihiy s For s parte the TS0 renewable mdustry
Faces sull foreipn compention i many renewable
technology areas, and inosome DO markets s
technology may be too comples, costly, and farge-
seales Inorder for both EDC development and

SHDSches het, O, Tne, pera nad commumeation

LS.

ctfort is necessary to:

market opportunities be  exploited,  further

L. support LDC institution-building and train-
g order to expand technology transfer
and contribute to future trade opportunities
in the medivm to long-term;

2. ddentify and develop further smidi-scale ap-
plications of renewable technology, such as
PV and wind clectric, for raral productive
enterprises and soctal uses;

3o assist ULS. industry inadapting technology
to adjust to appropriate 1.DC requirements
in scale, complexity, costs, and maintenance
cenvironment: and

+owork with VS idustry i reassessing for-
Lign trade opportunitics for renewables and
factormg i the plans and upporting pro-
grams, and the developing countries’ goals
for greater self-sutticiency.

It is nov possible or appropriate in this report (o
attempt to present o complete list of cither the
needs for renewable cnergy technology adaptation
or future export opportenities foe U fadustry.
Nor i 1t possible v pnve a complete het of other
The

type ol adaptation will, of coarse, alse vary in cach

renewable  technology develeprent needs.
case. Ve exampic, insome cases only rebiability
lc.\ling may be necessary (o insure users that o
device can be used successfully, With other tech-
nofogies, Tocal manufacturing and materials prob-
fems, alternative fuel combmations. and selection of
more durable system components to facilitete on-
sile servicing s necessary. A preliminary and par-
tial discussion of some of the major opportunities
and needs is presented below,

Agricultural/Food Processing

In many intermediate scale agricultural and food
processig factities, cither biomass residue or efflu-
ent wasie streams exist which could be successtully
converted for on-site energy use. A large market
exists for systems appropriately sized {for smailer
scale applications.

Prime movers in the range of 25 1o 200 kKW need
to be built 1o provide energy sources for svstems
for threshing, grinding and  milling applications.
Technologies such as steam cugines or small tur-
bines can be used for remote power where biomass
and water are available, However, cquipment sized
to meet these Joads is nor currently available off-
the-shelfs Svstems which could be retrotitted 1o oil-
fired cquipment could also be highly useful, for ex-
ample, cquipment allowing tree-plantation fuels to
be used for tea drying or industrial process steam.

Direct conversion of solid biomass (o a paseous



form for drying, curing, and Kiln firing operations
also presents o nujor opportunity it systems cur-
rently in use can be modified to mcrease thermal
ethiciency and redoce cost.

Digester systems i farger-scale and commercial
applications are needed 10 process effluent from
distilferies, canneries, slaughter houses and tecedlots.,
Digesters may ofter both environmental and cco-
nomic benelits m osystems which have significan
on-stte energy demands. Downscaling and modular
packages would preatly enhance use of this 1ech-
nology  with major
highcl' cost assectited with custom destgned s

the mmpediment bemny  the
tems.

Many rural areas recwwre refrigeration or dee-
making to preserce fishy daiey products, and fresh
produce. Smallwemie biomass svstems for abswarn-
tor retrigeration o, e sncabler applications, wined
or PV clectricity brsed systems could be very ben-

chietal.

Water Pumping

Small KW
served frequently by ceither hand pumps, wiad, o

wWaler syatems (< 10 are presently
smadl internal combustion engines. Recent studics
have shown that smaller, clectricaliv-driven wind
systems offes wtiractive advantages over more tru-
dittional mechzmcallv-driven svstems, These sys-
tenis, i they are 1o see widesseale acceptance by
the niarket, wili reguire tunding 1o dentonstrate
their reliability . Opnmization of components s also
destrable 1o provide the - ost cost-effective syetem
compatible with rural arca requirements.

Domestic Fuel Substitution and Conservation

Denstfication or briguctting of bioniss fucis can
be an effective meuns of enhancine the uselulness
of agricultural processine residues and making nse
of wasted materiads Tochnologies eist to cconani-
cally briguette fucls, but cost reduction and greater
reliabiity ol systems are needed, as well as e
proved cquipnient for uttizing these fuels in con-
VRN S ergyv-using cquipreent.

Recent stadies e Pakistan o determine the ace
ceptability of usine briguetted bronmass/coal mis-
ture for domestic cooking also have vielded en-
couraging results Further effort iy required 1o cs-
tablish markets, study health effects, ang support

mitial commercialivation.

ENVIRONMENTAL AND HEALTH
ISSUES AND RENEWABLES

In addition 1o supporting rural cconomic develop-
ment, successful use of the renewable energy tech-
nologies  discussed in this section may have a

munber of  environmental  and - health benefits,
These may nclude improvements in human health
resulting from clean drinking water supply and, in
the case of improved stoves, reduction in exposure
of wonmen to narmful smoke or cmisstons Retiew-
able alternatives o conventionad tucts for clectrici-
e can reduace wr and water poibidon and other im-
pacts seeoctited with convensonal lectricity gen-
cratican Ionoush obvioasty the impact ol these
technologies e the near-term will not be large.
ther adoption sets s direciion that could lead 1o
sipmlicars benelits Gind help avord sertous prob-
femsy o the fowy run.

supply ol enerpy for rural health centers and for
Jrinkii water syatems ix potentially i major con-
trioution of renewable energy (o improved reral
health. OF the roughly one billion peoyple in the
world without sate dnnking swater, about 100 mil-
lion could be cconomically served by «olar PVs or
other reieswables, aecording o a recent study.?8

Anothior nnportant health benetit is the potential
of mproved cookstoves and dntroduction of alter-
native fucls o reduce exposure of women and chil-
dren o smeke amd buras, Though further research
v reeded 1o better understand the health impact of
that

such cxposure s connected with acate respiratory

cookstove smoke eaposure, studies suggest
infections chronte obstiuctive fung discases, blind-
ness and ather eve problems, and low infant birth-
Fheh

compounds have beer found o wood cookstove

werehis, fevdds of powenually cancer-causing
smoke,

Auother group of rencwable cuergy technologies
are these that mmprove the supply and use ot radi-
nenal renewable energy reseene o s by Bogee-
Boids and small wodustey. Projects that contribute
to fuelhwood supplyve methods tfor more erficient
charcaal prodacuon, and improved end-use tech-
nologies can Tessen the pressare on natural forests
andyor reduce the demaand for crop residues and
animal Jung dhat may have soil replenishment ases.
General clearing for agricaltural use and, i many
arcas, pathermg of wood for energy purposes are
the nugor catises of deforestation and associated de-
sertilication, erosion, and loss of soil fertility, By
cnhancing wood supphy and reducing the amount
combusted, the above technologies also lessen COs
buildup,

At pollution in urban arcas from transport fuel
use and stationary energy production is also a
cause of resprratory problems in sonme countries.
Use of ethanol from renewable biomass resources

 Mendin Corpes A Comparative Assessment of Photovoltaics, Mand-
pumps and Diesels for Rureal Water Supply (May 197



instead oi" pasoline leads to the reduction of most
vehicle emissions,

Many renewable energy technologies also dis-
place other means of generating clectricity. In the
near term, many ¢! the systems displaced will be
off-grid diesel generators, though over tane many
of these units would otherwise be replaced by grid
clectricity. Renewable energy technologies can also
feed into the central grid. “The long-run potential
for clectricity peneration from renewable sources
such as blomass, wind, solar cnergy, smali hydro,
and  geothermal cnerey is on o cumulative basis
quite large in many LDCS. By substititing for
other  conventional  sourves of  erad clectricity,
which mchide combustion of oil, natural was, and

coal, as well as farge hvdro and nuclear Cnergy, re-

newables  cun bring considerable cnvironmental
benefits.
The  environmental impacts of the  differen,

means of generatig clectricity vary with many
tuctors. These inelude cneryy source, sale of use,
type of technology used in cnerpy collection and
transformation, locanon of the facility relative 1o
sensitive matural envirenments and popula-
tions, and devree of attention given 1o mitigating
impacts. Renewable energy technologies, i con-
trast to many conventional systems, offer the po-
tential for rehutively low environmental impact. In
contrast to Jossil fuel technologies, renewables gen
crate clecineny with litde or no pollution of air
and water. With the exception of sonie bio-energy
technologies, they do not contribute o atmospheric
CO. buitdup. Some technologies such as anacrobic
digestion make use of residues whose disposal may
hive detrimental environmental impacts.

It should he recognized. however, that certain
large-scale rencwables nsed for producing clectrici-
ty entatl severe cnvironmental problems. The most
well-krows are large hydro projects. which utilize
a renewable resource but often cause considerable
loss of Tand, bring major ccological changes, and
may create a breeding ground for undesirable in-
seets and water-borne discases. Depending on the
site and design, small hydro dams con also have
soine of the negative ceological impacts of large
dams. Other poteatially negative effeets of renew-
ables are associated with geothermal resources de-
velopment and use; for biomass tucls, alternative
use of crop residues that may be necessary for soil
replenishment; and, mothe case of energy planta-
tons, competition for arable land with food pro-
duction.

RENEWABLE ENERGY IN RURAL
DEVELOPMENT

Development efforts are intended to provide access
as water, food,
health care, education, shelter and economic op-
portunity. Uhe avilability of capital and  other
mputs such as enerpy is fundamental o a rural eco-

toresources and  services such

nomic development program,

Renewable enerpy resources and traditional tech-
nology have plaved a leading vole in satisfying
rural energy demands. Fuels such as wood and
and water
power, iwve heen used for centuries to provide

wood waste,  agricaltural  residues

cnergy requitements for houscholds, farms, and

small - productive  enterprises. ‘These  traditional

Cnerpy resources often comprise a - surprisingly
of developing country energy
consumption. In many cases, traditional chergy use

larpe  pereentage

accounts for well over one-half of total national
CHCrgy consumption.

Eo addition o traditional sources of energy, there
arc other rural renewable energy resources which
have as yet gone largely uneaploired. Today, many
technologies commercially which
could use these untapped renewable resonrces. For
cxumple, photovoltaics can be used (o provide
power 1o refrigeration equipment and to provide
fighting for rural primary health centers. Enhanced
biomass conversion systems using a variety of agri-

are available

cultural and forest products can be used for power
cnd thermal toads, Hydro resonrees can be used in
a variety of small electrical and mechanical appli-
cations rnging from under 50 kW to over 100
MW Inmost developing countries, however, re-
souree and market surveys have not
been undertaken to provide the necessary level of
mformation required for renewables implementa-
tion. This represents a major constraint to the in-
troduction of renewable technology alternatives.

assessment

The following briet discussion deseribes some of
the roles renewable resources can play in providing
energy to rural areas,

Household and Public Services

Houschold Uses. Traditional energy resources are
used extensively o most countiies to satisfy needs
for cooking and houschold space licating. Food
preservation, including both drying and in some
cases refrigeration, can also be satisfied by renew-
able resources. Most agricaltural and home drying
practices are accomplished by direct solar drying
techniques (most often performed pre-harvest): in
some cases, when higher grade thermal require-
ments are necessary, agricultural residues or fuel-
wood may be employed.



Energy use for domestic cooking constitutes the
major demand for declining traditional resources
such as fuclwood  Estimates in various countries
suggest that cooking consunies from 629 1o R0%
of totar energy used in rural areas.?? Qne major at-
tempi to apply simple renewable technology has
heen improvement in the cfficiency of cooking de-
vices. These have been promoted successtully in
the case of commiercial fuels such as charcoal, but
this suceess has not been repeated in reducing use
of user-gathered wood or other bomass. Neither
fuel substitutes such as briquetted biomass nor con-
servaton dre likely to have major impacts except
where fuels are commercial,

HWurer. Water s
poses, for sgricultural production, health services,

necessary for houscehold  pur-
and some processes such as refrigeration (ice is
often used for preservation of seatood). Water lift-
g and pumping is an enerpyointensive process,
and, §F large quantities are pumped, conventional
Fuels will usaally be required. However, tor village
or small enterprise activities,  photovohaics and
wind canr and have been used o service demands
of 10-20 mP/day and 10-50 m®/day, respectively.
Photovoltates have been used o provide water
suppiv for villages with remote water services. In
most cases, when water s available on site, manual-
Iv operated hand pamps are used to deliver water
1 @ cental disiribution point. Wind driven-pumps
have been cmployed in some locations which have
acceptable wind regimes, and are mecting demand
for potable water and livestock watering These
svstems, however, require relatively Targe capital
outlays for appropriately sized cquipnient, which
often is bevond the reach of a singte user.

Hectth, Rural health clinics provide primary care
to rural populations which do not have ready
access to hospitads and medical technicians, Thesc
primary care fucilities require electric and thermal
energy tor refrigeration equipment, lighting, and, in
some cases, sterslization cquipment,

Refrigeration s required to extend the shelf life
of vaccines and medicinal supplies. It may also be
required to extend the life of specimens for labora-
tory analysis to be performed in more sophisticated
medical centers located in urban arcas. Refrigera-
tion demands can be met by photovoltaic arravs
with battery back-up units, Photovoltaic arrays can
also be used 1o service lighting demands, These
power requirements are relatively small (less than |
kW) but are of a very high social value.

0 Roger Revelle, Energy Use i Rural Todia, Science 192 (June 4,
1976), pp. 969 975 and 1.1, Walon, Jr, ef al, A State-of-the-Art Survey
of Solar-Powered  Irrigation Purps, Solar Cookers, and Wood-Burning
Stoves for Use in Sub-Saharan Africa (Georgia Institute of Technology,
1975).
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Thermal energy s needed to provide hot water
for sterilization and cleaning other supplics and in
struments. This moy be provided by using solar
thermal collector systems or by using a biomass-
fucled combustion system. Typical fuels for com-
bustion svstems would include fuelwood or an agri-
cultural restdue, such as coconut shell, rice husks,

O COIm coes,

Agroprocessing and Small Industry

Reaewable resources are able to effectively serv-
1ce a wide range of agricultural and small industrial
demands. These include drying, biomass combus-
and
and
and

tion, hydro power, and others for threshing
winnowir - shelling, hulling, grinding, storage
refrigeration, canning and related processing,
actual harvesting practices. They wre also nsed for
fickd operations in crop production, secl as cultiva-
tion and plating, pest control and harvesiing,
Several crops require processing alter harvest o
cither improve storsge chameteristics or (o en-
hance the value of the prodact (o suit consumer/
market requirements. Grain is dricd to extend stor-
age life, milled. and, in some cases, par-boiled o
polishcd to suit a particular consumer pre. crence,
Nuts are shelled, dried, and somctimes roasted to
add value o the raw product. Ol seeds are sub-
Jected to a thermai process to extract the oil. Milk
is pasteurized, separated into various constituents,
and in some cases heat-treated and refrigerated o
extend storage fifeo Al these processes have the
efiect of extending storage life and/or adding, value
(through quality iniprovement) to the end product.
Fable 3
cnergy technologices used o satisfy these various
demands, Some of the more important ruri pro-

provides a summary of the renewable

duction applications e described helow.

Drying. In most countries, grain is dricd through
simple exposure to the sun, cither in the  'd or on
a drying However, when  harvest occurs
during a wet season, mechanical drying becomes
necessary to insure that losses due to spoilage are
minimized. This can be accomplished uwsing con-
ventional fuels (e.g.. kerosene) or by using biomass
fuels. Experience has shown that solar dryers are
often less effective than other alternatives, mostly
due to the fact that the demand occurs during peri-
ods of Tow sclar insolation. However, agricultural
residues have been used «uite ef* ctively to provide
the thermal energy for drying purposes

Milling and  Grinding. Small mills vary from
larger commercial facilities in capacity and usually
milling cfficiency. but specific cnergy required s
equivalent for most mills. Energy used in grain
mills has been provided by small water turbines,
clectric motors, or by diesel engines. In some appli-

pad.
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Table 3. Rencwable Resources and Examples of Their Applications in Rural Development

Electne
geactanion

Biomass (e, wood, bagasse, coconuts, shell
husk, coffee groands, ete) v v, X

Hydro

Llliog

Apphaations
Refugerat
wd Water
sipply

Coammum-

Cooking
cationy k

Drymy orages Lighting
woe-auihmg

Greothernulo oo e X

Seterce - B Waddle, Oak Redge Notional Taboratory, December T9ST.

cations, such as sooar wi'ls, stcam systems have
been emploved to previde shaft power for the mill
and to provide electricity o drive other aaxiliary
loads, Where and when wvailsble, I odro resources
have Been used to provide shaft power for prinding
and mithing,

Opportunities to expand the ase of biomass fuels
mechanmeal loads

and hvdro Taciiities (o

exist e many developing countries. In many cases,

power

this requires matehing w suitably sized technology
to a speaific appheation. For example, by far the
greatest number of ree oulls are very small seale,
requiring 3OKW prime movers (o supply shaft
power. A significant nunber of intermediate-sized
mils (252090 kW)Y are in use.

wowered by grid-powered clecteic motors or direct
. < i

and wre presently

diesel drives. A very small fraction of mills exist in
the large calegory (over 500 kW)Y, However, com-
mercially proven biomass conversion systems are
available for only very large systems. Systems in
and intermediate are available

the smal

from timited searees and by and Lirge have vet to

ranges

prove themselves under continual field use. There
is oneed o develop biomass conversion systems
capable of operating ander adverse field conditions
in the small and intermediate size ranpe.

Other Therma! Applications

Rural enterprises usually  have relatively  fow
needs for thermal energy. Some of these, however,
present atractive opportunties for conversion of
cenewabhe energy forms to service these thermal
loads. The two major opportunitics to exploit re-
newable resources inusing these processes appeat
to be in food processing and in the building materi-
als industry.,

Food Processing. Varions important fod process-
ing activities are able to make use of renewable re-
sources, including biomass and small-hydro. Can-
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ning plants consume vast quantitics of steam in the
processes of stertlization,  pasteurization and  the
bottling 1 ocess itsell. lee making 15 very important
i arews where fishing is o major industry. Very
often, these areas are located far from population
centers where the hrger markets exist. In order 1o
preserve the catel to insure quality apon delivery,
the i must be iocd at the landing point or on the
vesses tselll Rotrigeration s alsoy necessary in arcas
with deive able vegetable, or cut flower indus-
tries. With introduction of smaller biomass-
fucled absorption refrigeration cquipment and vet,
through use of wind and photovoltaic-clectric tech-

the

nologices, these loads can be inet through nse of re-
newables.

Buailding Materials. Cerimic kilns require contin-
ual high grade thermal input to maintain tempera-
tures during the firing process. Brick making -
quires thermal energy to five the clay. Lumber
must be dried after milling, and production of ply-
wood consuntes farge quantities of process stean.
All these processes can and in -+ ome cases are being
satisficd with biomass conversicn systems Some of
them, i Targe enough to justify the capitil expendi-
ture, could be met by use of low temperatuie geo-
tirermal energy. In larger plant sites, some of these
loads might be serviced by biomass-powered co-
generion systems,

Summary

Much potential remains for imroduction of re-
energy  resources and  technolodgies to
serve  productive,  valae-added which
would provide increased income, opportunity, and
community development for rural arcas. These also
often present opportunities for local and U.S. com-
panies willing to develop technologies appropriate-
ly designed to suit the local conditions and market
demand.

newable
Processes.
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NEW DIRECTIONS FOR
ALD.S RENEWABLE ENERGY

ACTIVITIES

OVERVIEW

In thic seport we have bricfly examined some of

the major cconomic and energy problems facing
the developing countrics. We that
while renewable energy sources have not had the
far-reaching impact many had hoped they would,

have shown

spectiic renewable technologies have demonstrated
that they buve o valuable role (o play. Cortain re-
newable opiions are more appropriate s scale for
rural cnergy end-oses, have lower operating, and
mamicnance costs than engime-based svstems, orter
atilive

manufacture,  and

then

opportuniies jor local

local natta! resources o soee of

The

more than poteotal benelits, however: it must he

CHerygy.

vhoice of energy soee must be hased on
Nased on o stesspecific coonomie, rechnicat, and in-
stittidonal assessment of what is fn the st inferest
of the user. community or industiy to e werved.
Furthermore. productive rucal and social uses must
caisioor be developed simaltancousy for the new

cierpy source o realize it potentiad,

ELEMENTS OF AL RENFWABLE

ENERGY STRATEGY

I appropriate ar this time for ALD. (o establish

New Directions vor ity rencaable e PRV SV,

These divecdons should recopnise today's coonom-

weoand techniead realitios wndd mtexraie renewable

options where appropriate s g complement 1o

rural, wprncuitwal, and other development pro-

arams. These activitien also must be pursued within
the resouree, soctal, covironmental, and institution-
al sitaation of particular countrics and even sites.

Thus, no predetermined weehnology choree i ARNSE

bler instead, informed prdeencut and cose Dy Case

comparative evaltation s called for,
What are the overall objectives of AL s New

Directions?

B it o cnsure the supply of appropriate “least-
cont™ sonrees ol energy (o complement rural
development etforts, enbance agriculiural pro-
ductivity, and create rural employment: oppor-
funttics,

B Second,
initiatives 1o supply necessary energy services,

o support lecal and £LS0 private seclor

technology. and capital, in order to achieve
self-sustaining solutions to energy problen...

B 7lird, to mitigate houschold energy problems
through expanded  biomass supply and  im-
proved utilization,

8 fourth, to cecate the pelicy and institutional

zonditions required tor sound energy sector de-

velopment.,

Constraints 1o Achieving AL Objectives. Real-
izing the above objectives requires a continuation
of efforts o create the necessary country-level
policy and instituticnal framework. Pricing (includ-
ing taxes and subsidies), dustitutional  conditions.
and institutional development. are the three pri-
mary issues which must be addressed. Pricing poli-
cies which subsidize convendonal petroleum fuels
or cleetricity ercate incentiv es for the excessive use
of these fuels and reduce the incentives for consid-
cring renewable alernatives. Insttutional  condj
tions such as the traditional government procure-
ment bias favoring low first-cost equipment versus
fow Hife-cyele cost seriousty impedes the introduc-
tion of renewables. Similarly  detrimental is the
commitment of rencwable research and develop-
mene funding primanily (¢ R&D instiiutions with-
ont parallel support for commercialization. Finally,
needed  to

further  institutional

creaic strong intermediate cural institetions or sys-

development s

tems, such as technical assistance and extension
services, to dtinlate the market for commercial
uses for renewables,

Lack of credit programs o provide financing is
anothe *serious corstraint ¢ the introduction of re-
newable techuology, given high capitad costs and,
in some cases, @ substantial forcign CaLninEe com-
ponent. Lack of adequate funds onstrain the pri-
vate seeter inits adempts o develop technologies
for introduction and in the est.olishment of pro-
duction and inarheting systems. Similarly, consum-
ers are constrained by the lack of financing re-
quired to defray the higher initial costs of renew-
able systems.



THE ROLE OF ECONOMIC GROWTH
A¥NU THE PRIVATE SECTOR

Within  the  general  development
ALD., cconomic growth is considered the primary
driving force for self ustained development. Rural
and agricultural development are essential prerequi-
sites Tor achieving overall cconomic growth, and
for mcreasing emplovment, retarding mieration o

urban arcas, and permitting more rate 0 ouse of

limited natural resources. Special attentn o to the
energy requirements of rural and agriculiceal pro-
duction systems is therefore essential. The Strate-

gic Plan™ for A LD recognizes the importance of

the private sector in achieving, development poals
and states, "We encourage governments to place
greater reliance on free market forces and the in-

digenous private sector as the principal engines of

sustainable development.™ !

The reew of eapertences  with renewihle
cnergy appineation suepests that of renewables are
to make o sustained and wdespread contetbution (o
a developmy country’s cnergy svstem, private
sector production, marketing, sales, and serviee
must be the primary implementing vehieles. ALD.
mputs can deoof vatuable assistance o promoting
private sector volvement. For examiple, assistance
can be provided by hielping o develop Tocal main-
tenance and repair capability or by stimulating the
establishment of appropriate Jocal enerpy compa-
nics. ven when the buvers and project developers
are public scctor organizations, as in the health,
witler supply, or communications areas, the private
sector plavs a major role as an source of equip-
ment, spare parts sapplier, and provider of mainte-
NANCC SCTVICeS,

At the same ne, OO povernments have a nece-
essary role 1o plav i establishing the institutional
conditions necessary for new energy supply. Non-
governmental orgamzations also serve as important
supplemental vehicles for unplementauon of alter-
HALIVE CHCTEZY SOUTCCS 111 Cerlain. cases. 170r exam-
ple. where o market may not exist or when the
market s weak (eog where fuels are noncommer-
cruly

Table A4 on the nest page, cnumerates important
potential roles for the focal and ULS. private seetor,
nongovermnentiad  organizations  and - developing
country governments i the renewable energy arca.

IMPORTANCE OfF RURAL AND
DECENTRALIZED ENERGY SUPPLY

In the past. msufficient attention has been given
to providing the energy infrastructure and power

PUSALDL Blueprint for Development (Washington, D.Cooundated),

program  of

required for rural agricultural, industrial and social
development. Examples of mujor losses in agricul-
tural output in recent years due to insufficient or
unreliable oil or clectricity supply in the Sudan,
Somalia, Sri Lanka, and Madagascar are examples
of a widespread problem ® In recognition of this
probiem, ALDCs Energy Policy Paper stated,
“Ads will give special attention 1o providing
cost-cffective energy supplies for the -ural ccono-
tay.

An emphasis on decentralized power supply via
the application  of  renewables  supports broad
ALD. policies of promoting small-scale private en-
terprises, espectally those in rural arcas and small
toswns. It has been inereasingly recognized that
these small-scale enterprises play o much larger
role in ELDC cconomies than previously thought,
often accounting for more (han halt of industrial
production. The lack of reliable or atfordable
encrgy supplies could be a serious constraint o the
further expansion of such small industries or to the
more extensive utilization of existing businesses.
Such arcas are ofien pood sites for renewable
enerey applications, such as poveer cencration from
small hvdro or biomass,

Allowing private firms and mdividuals to gener-
ate and sell electricity, either to neighboring people
and compinies or to the grid, - potentially an ef-
fective way of adding system capacity or providing
decentralized  clectricity  while mimimizing  the
demand on public sector fimancial resources. Many
firms in the mineral and agro-processing industries
(espectally sugar factories and paper mills), have
generated clectricity and process heat from bagasse
or wood waste to serve their own needs and have
often provided power to employees” dwellings or
neighbors, Expanding and replicating this model is
a logicd means of improving energy delivery to
rural aeas.

Renewable energy technolegies are not umquely
siited to private power production. In many cases
fossil fuel systems would be the least-cost, logical
choiee; in others, depending on rencwable resource
endowments and fuel prices, renewables are more
appropriate. Assisting profit-motivated firms and
entreprencurs and providing a broad choice of gen-
crating technology, within environmental and other
policy guidelines, appears to be the most appropri-
ate means of promoting least-cost solutions,

SUSALDY, Office of Encrpy, Burean for Science and Technology,
Small Power Systems for Feonomic Development in Rurat Areas: A Strate-
py (Washimgton, 1.CH VLS ATD , November 1980)

TUSALD, ALD. Policy Paper Fnergy  (Washineton, D.Co July
1984

PUSALD., Office of Energy, Energy und the Private Sector, Enerpy
for Development Paper Noo 3 (Washington, D.Co US.ALLD., October
TYRS)
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TABLE 4, POSSIBLE FORMS OF PRIVATE SECTOR, COVERNMENT AND
NONGOVERNMENT ORGANIZATION INVOLVEMENT IN RENEWABLE ENERGY
DISSEMINATION

Local Private Sector
* Equipment design or adaptation
* Equipment manufacture
* Equipment assembly
> Distribution and sales
e Facility construction
* Mamtenance and spare parts supply

U.S. Private Sector

* Equipment licensing and joint ventures

* Equipment design or adaptation

* Equipment manutaciure and sales

o Establishment of local outlets

o Investment in projects

* Services such as manapement assistance
and spare parts supply

* Preparation of feasibility studies

NEW DIRECTIONS IN RENEWABLE
ENERGY ACTIVITIES

New Directions for ALDCs renewable energy
activities (and associated programs) are required in
order to more effectively develop the renewable
and indigenons energy resources needed for rural
ceonomic development. The following  describes
these New Dircetions, as well as selected current
activities which support these directions.

ALDCs renewable energy  activities
will be directed 1o support the following New Di-

program

rections:

2 Private Scctor Collaboration
Lixpanded cooperation between A 1LD., and U.S.
and developing country renewable energy  firms

and developers, 10 merge ALD. knowledge of

country constraints and conditions and A.LD.
technical and  financial support with private
sector skills in desizn, manufacture, and market-
ing.
Rural Development and Private Euterprise

Support

Teehnical assistance 1o mission private enterprise
and rural development programs will be inereased
to ensure provision of adequate renewable and
other sources 0" energy for projects requiring
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Nongovernment Organizations

* Traiming and extension

¢ Needs assessment

¢ Public education

* Small-scale production promotion

Government

* Instituional and policy framework
¢ Extension

new cnergy sources to identify energy business
opportunities, and to provide information and
training for A.LD. staff on cnergy options for
health, agriculture, and other rural develop-
ment activities.

Training in Support of Renewables
Commercialization

Renewable cnergy training sponsored by A1 D.
and related initiatives will be expanded (o sup-
port the LDC private sector and stimulate the
commercial use of renewables in water pump-
ing, health, rural commercial-indust+ial applica-
tions, and decentralized clectric power supply,
among other rural development applications.
Emphasis on Implementarion

Development of innovative financing schemes 1o
assist in the commercial penetration of renew-
ables into rural and dispersed private markets.
Lixpansion of risk-sharing via feasibility study
and ¢ her explicit support, such as targeted use
of the A.LD. commodity import program to fa-
cilitate U.S. and LDC private sector ventures
to transfer, adapt, and market cost-effective
rural cnergy systems.

Lurther development and  adapration of energy
preduction and utilization technology for selected
high priority rural development applications, in-



cluding adaptation of United States renawable
enerpy equipment.

@ Coordinated Action
Reliance on greater donor coordination (for ex-
ample, with the Energy Sector Management
Assistance Prograns of the World Bank, among
others) will be pursued to more effectively uti-
lize ALLD. resources and help develop policy

conditions  necessary fov the introduction of

NCW energy soirces.

CURRENT RENL'WABLE ENERGY
ACTIVITIES

Biomass Energy Systems

The Bioenergy Svatems and Technology (BST)
Project s intended 1o design, develop, and imple-
mient field projects using bioenergy systems, The
project ts presenthy funded to do work in three pri-
mary sectors: sugarcane bagasse, rice residue, and
wood products unlization, These materials repre-
send resources of wgnilieant importiance to develop-
mg countries. This project provides support for
prefeasibiliey: studies, Timted research in biomass
utihization syvatems, field testing of new cquipment,
and  promotioa of  private sector  investment in
cnergy svstems attbizing the above blomass re-
SOUTCesS.

As an example of BST acuvities, ALLD. has
begun a Cance/Foergy Assessment Program which
evaluates the use of sugar cane creps 1o produce
clectricity for vear-round bascload  applications
and, potentially, fuel alcohol for transport. This ini-
fative is particularly important as it serves to miti-
gate the poor cconomic condition ol the sugar in-
dustry, a magor employver and meome generator in
the agricuitural sector of many developing coun-
tries. U.S.ALD. Kingston-Jamaica, tor example, in
cooperation with the ALLD. Office of Energy, the
Trade and Development Program, and the U.S.
and Jamarcan private sectors, is conducting a pilot
cance cnergy program. Studies of cane energy po-
tential in Honduras, the Philippines, and Thailand
have also been undertaken, among others.”

Renewable Energy Applications

Another centrally tunded program is the Renew-
able Encrgy  Appheations and Training  Project
(REATT). This project is responsible for the assess-
ment of ALLDYS past experience with renewables,
recommendation of pew inttiatives in renewable
energy technology for rural and agricultural devel-
opment, aid coordination and suppoit ot ALLD.

LS. ALD D Cane Production for Surae sod Electric Prodoction in Ja-
maica, Broenergy Systens and Technclogy Project (Wachington, D¢
USAITD, Octoner 1984

programs to identily markets and commerciafize re-
newabic technologees.

The REAT project seeks to achieve these objec-
tives 10 cooperatten with ALLD. s missions and re-
gtonal bureaus through the following activities:

Assistance to the LDC and U.S. private sector
inidentifying development orientad applications
of renewables nd support of the design and
implementation of  commercially  oriented
projects.

Traming of 1.DC nationals from the private
and public sectors i identification of produc-
tive uses of renewable technology, design of
applications, and comnmercialization of technol-
ogy.

Provision of information on past and future re-
newables applications and statvs and results of
renewables technology rescarch and demonstra-
tion to the EDC and U.S. private sectors, 1.DC
governments, and NGQO's, emong others.

8 Development of an “ALD.-Industry Partner-
ship™ 1o facilitcte comment on, and adaptation
of. ALLD. projects o ensure sound  private
sector ortented design and to ensure that dem-
onstration leads to commercialization. This in-
cludes an informal “ACLD-industry forum™ to
exchange mtormation on doing  business  suce-
cessfully in 1L.DCs between experienced ULS.
business and the rencewable industry members

committed to export development and technol-
ogy adaptation.

B Support (o the Inter-agency Committee on Re-
newable  Energy  Commerce and Trade
(CORECT), mcluding  adaptation of ALD.
programs in training and commiodity exports to
hetter meet ULS. industry export goals and sup-
port overall education activities for developing
countries on renewable energy.

@ Support to applied rescarch and development
on renewables technology to further develop
certain priority applications, adapt the scale and
complexity  of available equipment to LDC
markets, and assist inidentifying  innovative,
productive, and consumer markets. One option
under constderation would be to sponsor com-
petitive proposals for technology adaptation to
LDC markets, with avards to support develop-
ment and commerciadization.

Household Fuels

Lnergy Suppldy. The strategy for meeting house-
hold energy needs in rural arcas is emphasizing
new mechanisms for the supply of traditional fuels.
include  agroforestry-type  initiatives 1o
produce wood fuel (normally in a multipurpose

These
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system) and other efforts (o substitute or use alter-
native fuels, including petroleum and clectricity, as
well as the use of agricaltural processing residues
and coal-biomass residue nuatures as supplements.
A greater understanding of traditional fuel markets
is required Lo assiste in planning and caceuting, inter-
ventions, particalarly pricing policy.

Puel Utilizanon Conservation. Studies show that
conservation i most canes follows scarcity and/or
higher prices. This means that it is estremely Jitfi-
cult o imtroduce fnnovations o conserve biomass
resources before resources are already threatened.
Recognizing the difficulty of atempting 1o con-
serve fuels, resources are bemng trected 1o those
arcas with the greatest chance of success, AL,
strategy will be o expand sepport (o stove conser-
vation ctforts when they deal with commercial
frels, use the private sectonr as the basis for produc-
ton and marketing, and offer significant potential
for sclt-sustaining and Lirge-scale production. Final-
iy. since madequate attention has been devoted to
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understanding the fuel saving and health and envi-
ronmental impacts of improved cooking devices,
greater attention is being given to these issues,

Energy and Irrigation

This centrally funded actuvity 15 designed 1o pro-
mote the ceonomic utilizaiion of water for irriga-
tion - ALD . -assisted countries. The program sup-
ports improvements in the performance of existing
small water pumping systems, development of a
methodology for selecting small pumping svstems,
promotion of integrated small-systems for water
supply for irrigation, and dissemination of informa-
tion on commercially available options for water
pumping and encrgy systems and cquipment. Wiale
this 18 not primarily a renewable energy-oriented
program. 1t does serve to identify appropriate roles
for renewables and supports objective review of
pumping options. "

LS A TDY D Ofice of Taerney, Draft Progeam Plian--- 1988 -89 (Wash-
mpeton, DO S ALD, December (4STY
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APPEMDIX A

A.l.D. RENEWABLE ENERGY DATABASE

The

AL Reneseabls Boerey Database i o compila-

Agenoy lor dnternstional Development
tion ot detatled techmeal and Anancial data on re-
newable energy activines i selected AL D -tuaded
mogects A present, the database contanps informa-
ton on SO projects and subprojects amplemented
stnee 1975

or o cacn project. the database contains the
project number and Gtle, countrss vears of oper-
atton, status, Tength of project tunding, appropria-
tion category, project purpose, rencwable energy
outpuis, projeci mputs, a summary of renewable
cnergy activities, <oy words, descroptions of techni-
cal apphcations, sanotations of project techineal re-
ports, evaluation findmpes, hev persons. detailed
funding data, project revivions, and follow-on ac-
(hities.

The Renewable Foerey Database was prepared
m bechmeal Assastance (VITA)
AC 2ToD OO0

Data were pathered from project docu-

by Volunteers
under ALD

SO37-00.
ments avatlable mothe A LD

contract number

central document de-
pository and from numerous repoits provided by

contravctors, exvaluators. and messions. The prepar-

ers make nocham that the database s complete: o

retlecie solely the documents reviewed. Y the

reador has reievint techrical or ceonomie docu-

ments thut augment or update project doseriptions

m the database, please forward those documents to:

James Sullivan

Dircctor

Oftice of Energy

Burcau fo- Saence and Technology
Agency tor Drternational Development
Washington, D.C. 20523

All project & ments cited in the Renewable

Energy Databas aie avatlable for review  on
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microfichc at the ALD. Library. The reports may
10:00

he viewed Monday  through Friday from

AN 10 5:00 PN
ALD. Tabrany
Room 103
(OO0 Nood Mont St(SA

Rosshvn, Virginga

%)

Please note b the mailing address for the
ALD Labrary o Washmeton, D.C

ALDY Babran

SAC IS Room 103

Agency for hierpationad Development
Washington, P 20523

The databise i avinlable in hardeopy or on disk-
ette o Wiang oy
ALD staft car obtan copes from the Office of

IBA-compatible computers.

Bnergy oS8 b Y00 owesede us s may purchase
copies ol the databuse from.
Informanon Seivices
Vobinteers o Technmeal Assisiance (VITA)
INTS N Tovnn SeL Sune 200
Artmgron, Virgina 22209
(703 270 1R800

he databaser oo also avanlable on-line as a file
hinked o the ALD. Information
System Projects Duatabuase. For access to that file,

Developnient

please contact
Trammge Office
Document and Information Handling,

Facility

Ageney for Tnternational Development
7222 47th St
Chevy Chase. Marvlaind 20813
(301) 951--7191
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APPENDIX B

SUMMARY OF OThHER DONOR EXPERIENCE IN RESPONSE
TO A.LD. REQUEST FOR INFORMATION

In order to broaden the range of experience for as-
sessing renewsble energy expericnce, preliminary
inguiries were made (o the major mternational de-
velopment assistance apencies. The following brief-

besimmanzes the responses recenved.,

World Bank

The World Bunk has o livge, onpoing energy as-

sistance  project amvolanye lending for
projects (N34 bathon m Y 1982 The World Bank

provides assisisimee o member conntites on project

major

selection, mplementation. and - overah energy

sectorassessment,  and supportsinstitational
strengthening.

The Banh oy oven maore aitention (o tewdinonal
l'r'.

aanali and faree hydro, while considerably less em-

SOUTCeS cocrey such as torestnyawvoodfue! and
phavs has been phiced on other repewable and

nonconventonal cnerey sonrees and  technology,
Recent renewable projects hove meluded peat utih
zatton e Burands, bomass nalization o Frhiopia,
heat Py the

restiues e G hanae and fochwood and forestry i

solar water At i Crambra, sawnill
Madawa, Sudan, Pancanmee Phaoiand, and Uganda,
World Bauh tfihines regardmye prerequisites for

successtut fuehwood projecec melnde

¢ need for ancawareness of the need Tor refor-
Ustation:

o astrong cash market tor faclhwood;

> avaiabiliny of Bod near popualation;

< an cffecinge extension service:

* necessary ntrastructure and adequate rec-
ogmtion of the scope el the problem by

government

Technology speeic results on techmeal and eco-

nonue viabihits wmclade the follosingn

Lo Selar swater henting, womd water pumping,
wind electcnmy s anddiseale hvdro ana eth-
anol are all technnaliy proven and may be
connomic.!

2o Teamnologies with ccononue pronnse, but
tor which vartous obstacles remain,  ar

hogas for commercial operations,  large-

scale power producnon from wood and

wn
o

wind, concentrating solar collectors for in-
dustrial process heat, and gasification.!

United Nations Development Prcgram (UNDP)

The UNDP has undertaken a large number of
energy projects throughout the world during the
last five vewrs Expenditures for renewable coergy
programs  were at about S million
TOS2 TOSS Approsmmately 824 UNDP
CHCTEY Tesourees fEve gone (o programs involving

estintated
from of
renewable sources. particatarly forestry, fuehwvood,
peothermal energy and hvdropower. Most UNDP
assistance s the ooy of grants and direct techni-

cal assistanee.”
United Kingdom--Overseas Development
Administration (ODA)

ODA
technologies, nactudig fuel-cfficient stoves, wind

has supported  many - renewable energy

pumps and  wind bromass-fueled  en-

gines, and improved charcoal production. Financial

Leneraton,

support has been provided largely through the In-
termediaste Technolopy Development Group, the
Commonwcalth Scrence Council, and the Tropical
Products  Development and - Rescearch Institute.
Projecrs have meluded wood resource surveys and
woodfuel Somalia,

Kenya, Zimbabwe, India, and Nepat: wood-fired

supply projects in Yesotho,
thermal power stations and  charcoal production
improvement o the  Phitippines:  fucl-efficient
Sri anka, Nepad, the

Gambia, and wind pumps im Kenva and Pakistan,

stoves Kenva, and
among others

QA has identificd three principal roles for re-
newables i LLDCs: a veplacement for conventional
fucls, ar cnergy souree for rural development, and
fucds for domestic cooking and space heat.

Lessons dearned on technology anphications by
ODA included:

" Frergy Transivion in Developing Countries (Washimgton, D C: World
Bonth, 19950 Diac Ao 8218 0028 4y, UNDP'Waorld  Pank,
Foergs Sevtor Assessment Program, oty Sector Management: Assist-
ance Program, Quarterly  laformation Brief (Washimgton, D.C., April
1956), and UNDP/World Bank, Annual Report of the UNDP/World

see abso,

bBank  Encriy  Sector Programs: Achievements and  Future  Directions
(Waslington, DY €, Apnl 1955)
2 Ihad
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I remote communities are usually not the
best place for trials of new technology due
to logistics and lack of ocal skills;

9

biomass technologies have the most prom-

ise for widespread mipact;

3. cthanol teehinology from cane or inolasses
is known, but cconomics are very site-spe-
cific and dependent on the cost of alterna-
tuves;

4o good murket eaists for small-scale steam
engines using hiomass as well as a technolo-
gy for briguetting wastc . into commercial
fuels:

Sowind-dieset stndby packages of less than
100 KW shoold have o good market once
proven wlile grid-connected wind genera-
tors swill probably not have 4 major market
until ¢l prices rise significantly,

0. wind pumps are an wttracive ebnologpy
for water pumping where wind resources
are good. Tocal manufacture may prove

necessary toomaehe them atfordable and o

ensture aosupply of spare parts.

GTZ and German Appropriate Technology
Exchange (GATE)

Renewable cnerpy recently has had coastderable
support under the GATE Special Energy Program
(SEP). Technologies meluded have heen hydro-
power. wind pumpimg and electricity generation,
hiogas, pastication, photovoltics, solar dryvers,
energy consersing wood stoves, and hand pumps,
among others: Fhe expenditure of the SEP appears
to have been approximately $30.5 mithon for 42

projects. The SEP concentrates on nine countries:

Sudan, Kenvao Panzania, Mali, Niger, Burkina
Faso, the Philippines, Peru, and Colombra, GATE
reports the preatest success has been achieved

through lTocal private executing avencies operating
close 1o target groups

German expericace with renewable iechnology
included the followmg lessons:

I, Kenewible from developed
countries, o many cases, has been (oo com-

plicated and msufficiently adapted 1o local

technology

conditions to be used, produced, or market-
ed in 1.DCs.
Economie viability depends very much on

to

site-specific conditions and s difficult to
generalize,

3. Socioculturdl factors play a significant role
in acceptance of renewables

T Letter from 1D Lo Harrson to Steve Tirsch, VITA, July 22, 1986,
with vanous notes and discussion ranseripts attached.
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With regard to specific technologics, findings in-
c'uded the following:

. Fuel-conserving stoves can be developed
and successfully disseminated, as done by
GATIE in Burkina Faso and Niger.

Smiall-scale hydro for clectric power and
hand-pumps for small-scale water supply,
respectively, both and
available technologies with significant (but
different) markets. Hydro requires more

i~

are well-proven

transfer of planning and production exper-
tise as well as development of new financ-
ing schemes.

3. GATE reported lack of confidence in tech-
notogy and/or probably low potential im-
pacts for biomass gasifiers and solar cook-
ers and indicated that PV pumping, light-
ing, and solar thermal systems were not yet

without financial

self-sustaining exiernal

support.

Canada-International Development and
Research Center (IDRC) and Canadian
International Development Agency (CIDA)

IDRC is a research-oriented clement of Canada’s
atd program. TDRC has been active in the energy
areaand has funded research o energy policy,
fuchwood and  fuelwood  conservation and  solar
drying cnergy. Support is channeled to LDC re-
search institutions and/or other LDC groups. Ap-
proximately 1o million Canadian doflars have been
spent on energy-related projects from 1970 to date,
with about 4097 spent in Africa for projects fargely
related International

Develspment Agency also has a large eaergy pro-

to fuclwood. The Canadian
grant which has been involved in a variety of sub-
stantial energy and clectricity planning and instruc-
ton projects, among others.®

Organization of American States (QAS)

The OAS performs prefeasibility and feasibility
studies, prepares analyses of development needs of
member states, and provides limited technical as-
sistatice. Projects have included feasibility studies
of an alcohol plant ~clar dryers, wood gasifiers,
solar refrigerators, a wood gasifier demonstration
project (Costa Rica), and a wood-fired power plan.

letter o Steve Hieseh from Dy s, July 18, 1986 Attachment:
“lprovement of the Energy Supphy Sitwation Developimg Countries
by the Use of Rencwable Encigy Rescurces and Conservation of
Energs,™ Specinl Energy Progrom: Development Policy Cooperation in the
Sector, »o date.

*Letter from Joseph H Hulbse, Vice President-Research Programs,
IDRC, various attachments, June 20, 1980,
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The OAS
energy program.®

appears to have a limited renewable

® Personal Communication, Wayne R Park, Senior Foergy Specialist,
Pepartment of Regional Deselopment, Organization of Amenicit States,
October 2, TuR6
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Finnish International Deveiopment Agency
(FINNIDA)

FINNIDA's renewuble energy have
been oriented toward forestry and fuelwood con-

activities
servation und have included micro-hydro feasibility
studies. The value of ongoing energy projects was

indicated ta be approximately $29 miltion.”

Flenter from Kan Karanko, Assistant Dinector, Finnda, Fuly 1, 1986,
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AFPENDIX C

SUMMARY OF A WORKSHOP ON: NEW DIRECTIONS FOR
A.i.D. RENEWABLE ENERGY ACTIVITIES

EXECUTIVE SUMMARY
The Office of
Technology, 1s conducting & reassessment of re-
newable energy under the Renewable Energy Ap-

Energy, Burcau for Science and

phications and Trammg (REATY project. As part of

REAT, an Interim Roport, "New Directions for
ALD  Renewabie BEnerpy Actvities,” was com-
pleted e February 1987 that reviewed  past
projects, desertbed the lessone learned, evaluated
the statis of different renewaeble technologies, and
recommended new directions for ALLD. renewable
policy.

A twondiy
through October 1,

workshep, held  September 29

1987 1 Annapohs, Marviand,

served as o public torum for the eritical review of

the Interun Report and an opportunity (o shire ex-
pericnee and pomts of view on renesable energy.
Tawo sesstonn were convened at the mecting. The
st session eritigned the Interim Report prepared
by the Othice of Energy and its contractor, Oak
Ridpe National Taboratory, The sccond session -
cluded three arcas: (1) renewable cnerey and LS.
trade o renewable technology: (2) decentralioed
cnergy sources and rural and aericoltural develop-
ment: and (3) houseaold tacls sapply and demand.
The followins executive summary represents the
workshop participants on a

concensus views of

number of topies addressed.

Interin Report Feview

Renewable  nergy Technologr. The  Interim
Report had proposed a priorizy ranking of renew-
able technologies Tor ALD. 1o
Many participants felt that a globual priority ranking
of technologies s mappropriate given varying na-

concentrate on,

tional resource mixes, cnergy prices, and  human
and material factors. However, ALD. still needs to
provide explicit guidance 1o the fickd on the viabili-
ty of different renewables. The technology and
project evaluation critertia of the report should be
broadened to inchlde social and environmental con-
stderations. The basis for evaluanon should  be
clarified. Is success to be hased on original objec-
tives (which may have been rescarch and demon-
stration, not dissemination) or on present priorities,
including encrgy supply and replication. More at-

tention should be given in the final assessment
report o institutional problems in implementation
and ALLDs internal constrainis in project design,
management, and funding.

Household Fuels. Honschold fuel conservation ef-
forts can succeed when fuels are commercial and
stove programs are implemented through the pri-
vate sector. Where these conditions are not met, as
is frequently the case with wood stoves, substantial
savings are not likely, Health, social, and environ-
mental benefits are inmportant additional justifica-
tions for impl‘m'cd SLOVE programs.,

New Directions

Privare Scetor. The Interim Report proposed a
strony private sector eriphasis in ALLD.s future re-
newabie activities. There was general agreement
with the reporCs contention that reliance on the
private sector, Moappropriate. cloumslances, pro-
vides the greatest chance of suceess in implementa-
don of renewables. [t was recognized, however,
that in many cases the lead role of government in
providing social end uses (e.g., health care), setting
appropriate policy conditions, and supporting re-
scarch or demonstration sl requires significant
support.

Trade and Development. The role of ALLD. in re-
newable energy  trade was a subject of much
debate. It became readily apparent that there was a
significant fack of understanding on the part of the
renewable industry regarding both what A LD, can
do 1o help the industry and what the general
ALLD. policy on assisting the U.S. private sector is.
ACLD. was urged to do more to explicitly assist the
U.S. industry to compete internationally, particu-
larly by providing information on markets and
Jlocal contacts, financing feasibility studies, and by
ensuring that renewable alternatives be fairly con-
sidered in procurement decisions. It was recom-
mended that ALD. also technically involve indus-
try in projects and allow for participation in re-
newable program planming. ALLD. was also urged
fo remain an objective evaluator of technology op-
tions for LDCs. The divergence of perspectives on
the role of the U.S. industry versus the roles of
LDC governments and private sectors needs to be
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reconciled, as regards the issues of export sales
versus transfer of technology. types of systems
chosen, and long-term  industry commitment  to
these markets,

Houschold Fuels. Strong support was capressed
for commercial fuchwood supply solutions, includ-

ing agroforestry, in order to mprove the rate of

success i supply programs and mitigate the prob-
lem of inadequate public resources. Linproved stove
programs cmphasizing the private sector deserve
further support in circumstances where cither con-
servation of fuel or social and environmental bene-
fits are likely 1o be achieved
health and environmental research ard impact evai-
uation of stove progeams is needed.

Rural Development. Renewables are particularly
well suited, due o their scaic and reliance on in-
digenous energy sources. to rural development, in-
cluding rural clectritication. There was a strong
consensus that credit availability is a major con-

Further support of
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straint to the implementation of renewables in rural
arcas and better credit options should be developed
and supported by A.LD. Grain drying and storage,
millmg and grinding, *“cold-chain™ health equip-
ment, and potable water supply were cited as pri-
ority applications of renewables. For future tech-
nology “hankability™  should not
always be insisted upon sinee some important de-

i3]

applications,

velopment applications may be economically or so-
cially attractive but still not commercially viable.

Information and  Instirutional  Development. Par-
teipants wiged that ALLD. continue its role as a
major builder of LDC institutions and expertise via
support for teaining. Better flow of information on
technology application results would benefit ALD.
missions, and others interested in renewable imple-
mentation mothe field, and siwple comparative
eviduation information for conventional and renew-
able enerpy sources would also be beneficial.
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APPENDIX D

IMPACT OF i.OWER OIL PRICES ON COMPET!TIVENESS OF

RENEWABLES

The impact of fower ol prices on renewable
energy options with reference 1o LDC markets is
discussed below, Two arcas are difterentiated in
the discusston. The first pertains to renewable tech-
in commercial markets with oil

aftected by lower ol prices.

nologies competing
which are directly
Second, a discusstor is provided on rural and
small-scale renewable energy applications  which
may or may ot direcetly compete with oil products
and which are less readily served by oil,

Commercial Applications of Renewables

Wind clectric generation. Recent lower oil costs
have aonegative impact on wind electric by lower-
ing utility average generation costs from oil-fired
power stations. I the United States, these oil price
reductions result in lower purchased power rates
and decrease the competitive advantage of wind
generation. Phis same impact could occur in grid-
connected LDC wind clectric projects. In remote
focations in LDCs and i non-grid
power sites where wind speeds are good (e.g., a
mean speed of over 4.5 m/s), wind may still be at-
tractive duce to the high cost and unreliability of oil
transport. Actual cconomics will be dependent on
the site atself, the and nature of the
demand, Le. intermittent or constant.!

Biomass combustion svstems. Where biomass fuels
are nexpensive, such as i orural arcas or where
factory stte industrial residues exist, biomass-fueled
processes are likely 1o remain competitive. Howev-

connected

and SIZ¢

er. inourban areas where oil prices are at their
lowest and biomass most costly, cost-effectiveness
of biomass-fired syutems has heen significantly re-
duced by lower oil prices.

Wood based systems, such as those implemented
recently in the Philippines, can be competitive in
certain circumstances for example, where substan-
tial capacity is required and high rates of capacity
utilization are achicved. Lower oil prices, however,
significantly affect viability. Based on data from a
recent report for ALDL in the Philippines, two
were competitive  at

dendrothermal® - proposals

" Eeonnmics of Sl Renevable Systems ., po S3 Alo S Fenn, et al.,
p. 155

* Bomess combust m for eledtneny generation via woodfuel from
dedicated plantanon
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1985 oil prices with diesel generation (at future as-
sumed 60% load factors) but become uncompeti-
tive at 10% and 35% reduction in oil prices, re-
spectively.® Results from a World  Bank
report are even less favorable.

receent

Solar veater heating. The influence of fewer oil
prices on solar versus domestic electrical  water
heating depends on the fraction of il used in elee-
tricity generation. It s likely that domestic solar
water heating will be less aficered by lower ol
prices due to the variety of fuel sources. Probably
more important in determining whether or not
solar water heating is actually used will be the
eatent to which high initial capital costs are fi-
nanced by future solar promotion programs.®

Alcohol fuels are very strongly and negatively af-
fected by lower oil prices, as ethanof is a direct
substitute for gasoline in the modern sector. Btha-
nol costs were recently estimated at roughly U.S.$
0.22 per liter (based on a new plant proposed for
East Africa). International prices for imported gas-
oline, varied greatly in 1986, ranging from about
U.S.S 0.11-0.13/liter for most of the year versus
over § 0.24/liter i mid-1985. These relative price
changes result in a substantial elimination of cthan-
ol's cost advantage, making current, lower oil
prices a severe disincentive,

Rural Small-Scale Applications

Wind and photovoltaics, prior to oil price reduc-
tions, showed favorable financial retarns for remote
small-scale applications in instances where good
wind and solar resources existed. There is substan-
tial field experience with both o support these re-
sults. Small-scale applications  include  furnishing
village water supply and livestock watering. Wind

tAssectates i Rural Development, Ine, Peasibility  Reassessment of
the Phitippines... p. 1V 09,

* World Bank, Technical and Cost Characteristics of D ndrothermal
Power Systems, Energy Departinent Paper Noo 3, (Washington, DLC.
December 1985) The relative economies of dendrothermal is highly site
and alternative-specific, and should consider present and future oif price.,.
New dendrothermal projects clearly will be harder o justfy i the future
with lower oil prices.

5 Petro-Sun International, er al. A National Solar Progrum for Kenya
(1985},

“OECD, Biomass for Energy, (Paris: 1984), p. SE Alw H. Geller,
“Ethanol Fuel From Sugar Cane in Brazil,” Anneal Review of Energy,
(Palo Alto: 1985); and Oil and Gas Journal, (November 17, 1986).



appears to remain competitive with lower priced
diesel at good wind speeds (>4 m/s) and small
water volumes (<25 m®/day). Photovoltaics can
also still compete ander the same price assump-
tions, but only at very low daily volumes (in the
range of 15 m® per day at moderate depths) and
high insolation levels (greater than S kWh/m? d).7

Fuelwood Needs, Resource Availability and Oil
Substitution

Fuelwood is the primary ener:ty resource for the
world’s poor. Recent studies mdicate a continuing
overexplottation of fuelwood resources and a sig-
nificant loss due to clearing of forested lund for ag-
ricultural purposes. The Waorld Bank has estimated
that even with a 20-309% improvement in cfticien-
¢y in the use of fuelwood, some SO million hectares
of additional Tand devoted to trees would need to
be planted by the year 2000 to roughly balance
supply and demard.®

Options to addiess these problems mcelude fuc!
substitution via petroleuni, cnergy conservation,

TIT Power, Dl Wipd Lechnolopy Assessatent Stady, Vol L UNDP,
FEP/R20HL (UNDP #0310 80. 008 (eading and swindon, TR L Feb-
ruary 19a3 At thes coale mmmmum feasible dhesel cipine sizes catse
diese] costs to be hugh

" World Bank, The Foergy Transition in Developing Countries, (Wash.
wpton, DO August 1983, pp.so 49
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and additionai fucelwood supply.? Rising waoodfuel
and charcoal costs have made such fuels as kero-
sene competitive in some urban areas (even before
the recent decrease in oil prices). However, addi-
tional oil substitution in rural areas where wocd is
normally a “free” good, would have enormous for-
eign exchange consequences.

Energy conscrvation still offers the opportunity
for improving the fuelwood supply-demand pic-
ture. However, exj.2rience has indicated that gains,
for example, from improved woodstoves, are much
less than originally hoped for. This results from the
poor past suceess rates of woodstove programs and
the related realization that conservation  follows
scarcity and commercialization of fuels. Increasing
success is being achieved  with redesigned  ap-
proaches bused on experience gained, particularly
for charcoal. The desirable level of additional fuel-
wood supply and conservation are likely to be in-
dependent of the price of oil where oil derived
fuels are not primary subs -~ wes for fuelwood or
charcoal. vhis s wsually the case in non-commer-
cial rurad uses.

Y Means of addressing supply tequirements are addressed mthe Fuel-
wood Reseerch Tmplementation Pran (FREPY and Forestry /Fuelwood
Rescarch and Desclopient Project



APPENDIX E

WIND, PV, AND DIESEL WATER PUMPING ASSUMPTIONS

General

Pumping head is 40 m for all water volumes. Two
cases are examined. figures 2 and 3 show the com-
parative costs per m3 for water delivered for wind
and PV systems, respectively sized for that output,
versus diesel. This represents a minimum cost as
systems will usually  deliver less than maximum
output. Costs at cach pumping volume are shown
for cach technology.

Basic System Assumptions

107
Period of Analvsis

Discount Rate
20 veurs
Central Recovery Factor 0116

Fotal Head 10

Datly Volumes Analyzed - 10, 20, 40, 60, 80, 100 m3

Water Pumping System

Hvdrau'c enerpgy required

9810 Q (my Him) or for 40 m
0109 Q) (m™)

L gouldes)
kW i

Diesel

15 kW

$2,500-85,000

10,000 hours or five years
five years

Engine sive .
SVSCI COSUoi i
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Replacement cost:
Engine.o, 75% of initial system cost
Pump . 359 of initial system cost
Maintenance $0.30/hr 10 80.50/hr
Pump efficiency 0%
Fngine efficiency ... 1596 to 2658
Cuerull efficiency .. 6% to 8¢

Fuel cost:
Low
High o

$6.30/1
L S0.60/1

Solar Pump

Capital CoSt i $14 per peak watt
Array life.. .20 years

Pump hfe . - five years

Pump replacement costo......... $1.5 per peak watt
Annuad maintenance cost 166 of initial capital cost

Windpumps ¢

Capital costo 300,/

Windmachine hie, C 20 years

Pump lite... .. ... fve years

Pump replacement cost.. A of miatal capital cost
Annual maintenance costo. o 260 of intie) capital cost

Note: Costs for wells and storage systems. not included.

! Large windpumps have diameters of about 9 m, 65 m2. At low wind
speeds, a single pump will not supply 100 m3/dav. The maximun: output

for larger units constrains output at windspeeds 3 ard 4 m/s in Figure 2.


http:eftici:l.cy






http:International.Developm.nt

Office, Bangkok, Thailand. Arlington, Virginia: April
1, 1983,

Wall Street Journal. August 21, 1987,
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