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PREFACE AND ACKNOWLEDGEMENTS

This Study arose from discussions
with Karin Wohlin at the Energy Desk
of SIDA"s Industry Division. Follow-
ing the growing awareness of the
seriousness of the energy situation
in developing countries and the often
confusing signals about the supply/de-
mand potential, SIDA felt the need
for a review and assessment of the
prospects for new and renewable energy
technologies and their possible role
in energy planning. In order to be
better able to assess requests and
proposals for energy-related projects
and their relevance in development
terms, SIDA has supported a number
of studies on energy planning and
energy technologies. This is one
of them. It is an overview and intro-
duction to the subject meant for
non—-specialists, and its aim is to
summarize and assess present ex-
periences of a number of new and
renewable energy sources in a devel-
opment context. The study focusses
on renewable energy technologies
for the rural sector, which is, of
course, only one limited part of
the complex problem of energy in
developing countries. Thus, we do
not treat issues like fossil fuels,
nuclear energy, conventional hydro-
power, industrial energy supply,
electrification or energy conserva-
tion. Moreover, matters of general
policy are not discussed in detail;
only insofar as those matters are
directly connected to development
of renewable energy are they treated
in this study, for example in con-
nection with certain aspects of fuel-
wood and forestry. Detailed treatment
of such issues can be found in many
other studies, e.g. by the World
Bank.

Obviously, a book that tries to cover
a subject as wide and diverse as
Renewable Energy in Developing Coun-—
tries cannot be written without the
substantial input of many specia-
lists. Much of this input was received
as reviews of specific technologies,
commissioned by us for the first
version of this study: "Prospects
for New and Renewable Energy Sources
in Developing Countries” (Volumes
A-E), Beijer Institute, 1984 (see
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list in Appendix 3). We therefore
would 1like to thank the following
for their valuable contributions:

- N.K. Bansal, Indian Institute
of Technology, New Delhi, India

- Jackie Bergman, Energikonsult,
Angpannefdreningen, Stockholm,
Sweden

- Dennis Costello, Littleton, Colo~
rado, U.S.A.

- Staffan Engstr8m, National Energy
Administration, Stockholm, Sweden

- B. van Gelder, KWDP/ICRAF, Nairobi,
Kenya

- Michael R. Goe, International
Livestock Centre for Africa, Addis
Ababa, Ethiopia

- Guido Gryseels, International
Livestock Centre for Africa, Addis
Ababa, Ethiopia

- Stig Gummesson, United Stirling
AB, Malmd, Sweden

- Thomas Harris, Clark Univ., Wor-
cester, Mass., U.S.A.

- Intermediate Technology Indus-
trial Services (ITIS), London,
U.K.

- Kirsten Johnson, Clark Univ. Wor—
cester, Mass. U.S.A.

- Cindi Katz, Clark Univ., Worcester,
Mass., U.S.A.

- Bj8rn Kjellstrdm, Exergetics AB,
Trosa, Sweden

- Kathryn Lawrence, Littleton, Colo—
rado, U.S.A.

- Bj8rn Lundgren, ICRAF, Nairobi,
Kenya

- Christer Nordstrdm, Askim, Sweden

- Jan Erik Nylund, Swedish Univer-
sity of Agricultural Sciences,
Uppsala, Sweden

- Britt Sahlestr8m, National
Energy Administration, Stockholm,
Sweden

- M.S. Sodha, Indian Institute of
Technology, New Delhi, India

- Per Johan Svenningsson, Beijer
Institute, Stockholm, Sweden

- Torgny von Wachenfeldt, Dept. of
Marine Botany, Lund University,
Lund, Sweden

Their background reports have been
published separately in a special
volume of commissioned reports (Vol. E
of the above study).



We warmly acknowledge B. van Gelder
and Bj8rn Kjellstrdm for their special
efforts in updating and revising
Chapter 1 and Section II of this
book respectively.

We are also indebted to the follow-
ing for taking time to review the
first version of this study and
suggest improvements:

- David Hall,
London, U.K.

- Haile Lul Tebicke, Science and
Technology Commission, Ethiopia

- Armando Caceres, CEMAT, Guatemala

- Derek Lovejoy, NRED/TC, United
Nations

- F.J. Mouttapa, FAO, United Nations

- P.J. Johnston, Pacific Energy
Development Programme, ESCAP,
United Nations.

Imperial College,

In addition, we would like to thank
the following for their input: Mark
Newham, for his editorial work on
an earlier version of the text;
Visvaldis Bokalders for preparing
the figures; Solveig Nilsson and
Blanche Debenham for patiently working
at their word processors; Margaret
Goodman for many useful suggestions
for the improvement of the text;
Janos Pasztor for his helpful specia-
list advice in many Chapters; Phil
0"Keefe for many valuable sugges-
tions and other substantial input;
Gordon Goodman for constant support
throughout the work on the study,
and Julian Dison for the time and
effort he put in as the Technical
Editor of this book.

We have relied on input from all
those persons mentioned above. How-—
ever, the responsibility for all
errors and misunderstandings is com-—
pletely our own.

Several other in-depth studies and
technical monographs of specific
renewable technologies and their
application in developing countries
have been undertaken recently, and
more are certain to come. A great
number of articles and reviews have
also appeared in the recent litera-
ture. In drawing on the information
from a large number of such publica-
tions, this Study tries to assess
briefly as many of the important
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technologies as possible from a per-
spective not only covering technology,
but also adding comments on economics,
environment, and social issues.
Emphasis has been placed on a breadth
rather than depth, and on trying
to give a sense of the complexity
and variety of the role of new energy
technologies in developing coun-
tries. We hope that this approach
will make it easier to identify and
understand the prospects and limita-
tions of technology in the social
problem of energy and development.

A few words of caution to the reader
may be added regarding the level
of technical detail in the text,
in particular for those of our pro-
spective readers who are more scien-—
tifically inclined or experts in

any one of the technologies
treated. This is not a scientific
textbook, but rather meant as an

introduction and overview for laymen,
aimed at a general audience. Figures
and data on costs etc. are therefore
given more for illustrative and com-
parative purposes, than for an attempt
to give exact information to be used
for commercial investments in various
technologies, for example. Cost data
for new and renewable energy are
known to be very site specific and
notoriously uncertain. We have also
avoided giving detailed references
on all aspects, but have rather chosen
to give a basic overall bibliography
for each technology, usually 5-15
references per Chapter.

The ground covered in this Study
is enormous, and it is impossible
to be aware of all progress in this
rapidly changing field. Gaps and
mistakes are therefore unavoidable. We
shall be very pleased to receive
any comments and constructive criti-
cisms.

Finally, we are happy to acknowledge
the generous funding of this study
from SIDA (the Swedish International
Development Authority) and, es-
pecially, the support and encourage-
ment of Karin Wohlin.

The present energy problems of devel-
oping countries will not be solved
by renewable energy sources. But
they cannot be solved without them.

Lars Kristoferson
Varis Bokalders



INTRODUCTION

Over-optimism about technological
development is the hallmark of energy
conferences. Exactly 20 years before
the Nairobi conference on New and
Renewable Sources of Energy (NARSE)
in 1981, a similar conference on
"New Sources of Energy” was held
in Rome, again by the United Nations,
again covering developing country
issues. This first conference pre-
sented a largely optimistic and con-
flict-free picture of solar and wind
energy products. In the period between
the first and second conference,
however, little was done to further
the diffusion of solar and other
renewable energy technologies. 0il
was cheap and fuelwood issues had
not yet become critical. The limited
research and development work that
took place, focussed on technical
issues. Social, economic, environ-
mental and policy considerations
seldom arose.

As part of the change in energy poli-
cies which followed the "oil crisis”,
many industrialized countries expanded
their development efforts in renewable
energy, and substantial technical
progress was made. A small fraction
of these efforts is devoted to Third
World applications, and these may
well expand as new markets for energy
technologies become established in
the developing countries. A major
problem, therefore, is to screen,
select, adapt and manage emerging
energy technologies for the Third
World. International aid agencies
have a crucial role in this area. They
may also assist the build-up of a
local energy R & D and manufacturing
capability in developing countries,
which is the long-~term but necessary
basis for a balanced energy develop—
ment.

Of course, there is a strong inter-
action between renewable energy sour-—
ces and commercial energy, such as
oil. The current slackening of the
0oil market will certainly make oil
more affordable to some and thus
make many renewable energy projects
less interesting. Many renewable
energy issues, such as fuelwood pro-
vision, are, however, largely un-
affected by oil price fluctua-
tions. 0il is no alternative for
the rural poor, being an unafford-
able fuel compared to "free" fuel-~
wood. This is the more tragic, since
a global switch from fuelwood to
petroleum fuels for cooking would
correspond to some extra 150 Mtoe
per year, a mere 5% of current world
0il consumption (equal to the 1984
0il production of Mexico). Thus it
is poverty and not the lack of physi-
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cal resources that is the limiting
factor in solving the fuelwood problem
of the developing countries.

Too often in the past there has been
a facile assumption that the Third
World can rapidly bypass an era of
fossil fuel and go straight into
a solar future. The optimists argued
that solar energy is an abundant
free resource, especially in the
Third World, and that the lack of
an existing infrastructure, including
administration, is an advantage be-
cause there is little technological
inertia.

In general terms the opposite is
nearer to the truth. Lack of infra-
structure is a major obstacle to
change, especially managed change. The
weak economies of the Third World,
which are characterized by a lack
of foreign exchange and 1imited house-
hold purchasing power, slow down
the rate of technical change. Any
large-scale implementation of new
and renewable energy technologies,
like most features of industrial
development, will therefore first
occur in the advanced economies. This
is clearly shown by today”s develop-
ment and trends. In the near short
the role of such technologies in
the Third World will therefore be
limited, especially in the rural
areas. There, until economic develop-
ment has brought the majority of
farmers above the subsistence level,
wood and agricultureal wastes will
continue to be the dominating source
of energy for the foreseeable future.

There is also a growing awareness
that New and Renewable Sources of
Energy (NARSE) should not be used
as a catch-word for Third World energy
development. Such programmes must
not lump together widely different
technologies and methods in different
states of research, development and
testing. This must be paralleled
by an increased understanding of
the complex social and economic issues
that influence these technologies. The
problem is not whether "NARSE" or
"conservation” or anything else is
a strategy to follow, but whether
some specific technological improve-
ment or method makes sense in social
and economic terms in a specific
situation. Only a careful, site-spe-
cific evaluation can determine the
"appropriateness” of a technology.
This need for careful evaluation
should not, however, be taken as
a "clarion call to inaction”. Time
does not wait for large-scale, de-
tailed evaluations to be completed. In
many cases, the problems are already



apparent, or the market is ready
to accept new products. In both cases,
appropriate action can start immedi-
ately. The need for rapid tree
planting is an example the spread
of micro-hydro plants in several
countries another. The precise
methods for successful implemen-
tation (e.g. the degree of social
participation in reforestation
efforts) are not, however, easy
to establish without the evaluation
of local conditions.

It is important to realize, after
all, that it is the low level of
economic activity and the inelastic
household budgets that create
barriers to NARSE diffusion, par-
ticularly in rural areas. This
ineffective demand precludes rapid
change. Only when economic develop-—
ment has created a more substantial
diversity of end-use demands, such
as water pumping for irrigation
and power for food processing,
will NARSE (and, in fact, any other
new technologies) enjoy widespread
diffusion.

As studies and tests obtain results
and in—-the-field experience is
accumulated, much of the earlier
uncritical embracing of new and
renewable sources of energy (NARSE)
for developing countries now seems
to be replaced by a guarded optimism
founded on more critical lines. As
hopes, expectations and general
goodwill face technological, econ-
omic and social realities, actual
problems and prospects are becoming
more clear. Consequently, clearer
time scales for introduction are
usually stretched out, and it is
realized that the viability of
most renewable energy projects
also critically depends on where
they are set up. NARSE is always
site-specific.

The energy problem of the Third
World is not one single, simple
problem. It is a complex and multi-
faceted problem experienced in
modern industry and the traditional
households. Effective energy demand,
which is not to be confused with
energy need, covers a wide range
of end-uses. One conclusion that
can be drawn is this, because there
is not one single, simple problem,
there cannot be one single, simple
solution.

The flexibility thus required to
achieve progress with NARSE, also
requires that attention be paid
to questions of both supply and
demand. Fuel and technologies will

have to be matched to the task,
which also means that NARSE and
conventional energy must be seen
as complementary to each other. The
need for such a complementary strat-—
egy is now being increasingly re-
cognized by Third World govern-
ments. Current energy plans in,
for example, China and India ex-
plicitly state that neither con-
ventional nor renewable energy
can solve the problems of rural
energy development on their own. For
the foreseeable future, it will
not be possible to supply rural
areas with o0il or grid power in
large enough quantities to support
the desired economic growth. This
means an increased reliance on
local and therefore renewable energy
sources. Also in the longer run,
NARSE can be seen as a promising
and, indeed, necessary complement
in the national energy mix. Strong
emphasis on NARSE development has
therefore been given by both those
countries, not least in institu-
tional and funding terms. Many
other countries, such as Brazil
and the Philippines, have also
tried to launch ambitious programmes
for NARSE development, and several
others are in various stages of
implementing such programmes.

The identification of specific
fuel-technology combinations to
certain tasks, is something that
is associated more with modern
than traditional forms of energy.
Consequently, the successful develop-
ment of NARSE will require a focus
on modern, not traditional, sector
problems. Such a focus carries
certain implications. Firstly,
there is a need to move away from
the present dominating craft tradi-
tion of alternative technology
production to the modern design
building, and testing of NARSE
technologies. NARSE will only be
successful if it 1is mass
consumed. The most effective way
to achieve mass consumption is
mass production. Such production
systems have little to do with
the tradition of alternative tech-
nology. Secondly, the problems
with the diffusion of NARSE are
above all social and not technical
ones. In assessing the site-speci-
ficity of NARSE, close attention
must be paid to the cultural milieu
in which NARSE falls.

It is important to realize that
NARSE will not make a spectacular
contribution to the total energy
requirements of developing countries
in the short and medium term. With



the total energy budgets dominated
by woodfuel in the household sector,
the short-term impact of NARSE
on energy per se will be neglig-
ible. NARSE can have a substantial
strategic and catalytic impact
on development where the right
combination of supply and demand
is present, for example agricultural
residues as fuel for agricultural
processing industris. In many cases,
NARSE will therefore accelerate
economic growth. Even if NARSE
may not be able to make a substan-
tial impact on national energy
balances in the near future, their
impact on development can thus
be crucial, since NARSE will make
possible many new ways to energize
agricultural and industrial develop-
ments.

NARSE is thus no panacea for the
energy problems of the developing
world. On the other hand, it is
also clear that several of those
new technologies will have a great
importance for the future. Many
of them are, in fact, badly needed
if problems are going to be
solved. The main question is to sift
the wheat from the chaff. There is
obviously a need for more dispas-
sionate analysis, even though this
may sometimes be difficult in a field
where many of the basic data are
still lacking or very uncertain.

It is useful, bearing in mind the
implications of this argument, to
distinguish between two kinds of
energy technologies: household im-
provement technology and energy ap-
pliance technology. The first category
must be cheap, produced from locally-
available material and easily re-
plicated without sophisticated infra-
structure; the main target group
is the rural poor. The second category
is comparatively expensive, manu-
factured, and requires a sound support
structure; the target group is the
middle and upper levels of the monet-
arised economy. A third category,
only briefly treated in this Study,
is industrial technologies. All of
these categories represent segments
on a sliding scale, and clear-cut
distinctions are therefore often
difficult to make. It is becoming
clear, however, that different im-
plementation strategies will have
to be pursued in the different cate-
gories if widespread dissemination
is going to become possible. The
role of cheap and inventive financial
schemes is obviously crucial.

Judging from the situation in the
industrialized countries, general
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electrification is one of the main
keys to industrialization and develop-
ment, this is also true in the rural
areas of the developing world. In
this context, new and renewable energy
technologies may also have an import-
ant role to play, sometimes as a
crucial first step. The introduction
of local electrification may be con-
siderably helped in many areas if
local energy resources are used in
the build-up of local or regional
grids, which are then gradually in-
terconnected as demand grows and
infrastructure is developed over
the years. This was, in fact, the
way most grids in Europe were devel-
oped some hundred years ago. Small
scale hydro developments and the
introduction of biomass—fuelled power
plants, which are often very com-
petitive with an expensive and some-
times unreliable diesel supply, are
obviously attractive in this respect.

Energy is thus not simply a commodity
- it has become a critical factor
of production in addition to 1land,
labour and capital. A vigorous in-
formed effort is needed to promote
NARSE wherever feasible, for, in
the energy futures of developing
countries, every contribution is
critical. Local, small-scale, de-
centralised initiatives are indispens-
able in this respect as the ongoing
depletion of woodfuel threatens even
the subsistence base of the Third
World population.

During the last four or five years,
as a result of the extensive studies
and field trials, much useful ex-
perience has, however, been gained,
and we are now in a much better posi-
tion than in 1981 to express well-
founded opinions about the viability
of various technologies and to assess
their prospects for the future.

For example, to take some obvious
examples on the solar energy side,
solar cookers and solar thermal pumps
seem to have lost much of the attrac-
tion such programmes enjoyed a few
years ago. On the other hand, photo-
voltaic cells (not least for pumping)
and solar crop-driers continue to
develop, and seem to be able to spread
gradually into larger and larger
market niches. This is also the case
with solar water-heaters for urban
and institutional use. The revival
of traditional methods for the passive
solar heating and cooling of buildings
is another promising area, especially
when combines with the use of modern
civil engineering practices. Small-
scale hydropower and windpumps have
become very successful in many applica-



tions. In some places, they may be
very profitable compared to, say,
diesel, while in other locations
they may be a very bad choice.

On the bioenergy side, a better under-
standing of the prospects and problems
of tree planting is now rapidly emerg-
ing, with an emphasis on local, replic-
able, village or on-the—farm agro-
forestry methods. Similarly, concern-
ing improved woodstoves, several
promising designs have now emerged
and started to disseminate, following
a period of slow progress a few years
ago. Regarding biomass engines and
biomass engine—fuels the situation
has also become much clearer in the
last few years. Ethanol and producer
gas seem viable under certain condi-
tions only, whereas methanol and
vegetable o0il as engine fuels are
currently not competitive with con-
ventional solutions (e.g. diesel
engines). Similar examples can be
found regarding most other types
of NARSE in the following Chapters.

Briefly, it is clear that the so
called new and renewable sources
of energy (NARSE) will have a very
useful role to play in developing
and powering the Third World, although
they will not play the dominant role
suggested by some a few years ago.
There is nothing like a "NARSE
strategy” for the energy development
of the Third World. Instead, as re-—
search and commercialization continue,
various energy sources will slowly
find and occupy their respective
market niches, and constitute an
integral part of the energy systems
of the developing world.

It is against this general background
that this book has been written. We
hope that the perspective chosen,
- basically a technological one,
but as far as possible integrated
with social and economic issues -
will provide useful background in-
formation to practitioners, policy-
makers and others involved or in-
terested in the very active field
of energy and development.

Xii



ABSTRACTS

Fuelwood: Forestry and Agroforestry (Chapter 1). Fuelwood,
mainly for cooking, 18 s8till the dominating energy source
for most people in developing countries and i8 likely to remain
go for the foreseeable future. However, serious deficits are
now appearing in many places and show signs of worsening and
becoming much more widespread. The only way to stop thie is
by intensive tree-planting on an unprecedented scale. Ongoing
developments in forestry for emergy includes tree-planting
methods (ineluding agroforestry) species selection ete., all
of which has to be organised differently in different socio-
economic circumstances. Local participation 18 essential,
in order to achieve economic and social viability in fuelwood
supply in rural areas. Urban and industrial demand can however,
often be met competitively by large-scale plantations. One
of the main problems in tree-planting is to find the right
species,methods and organisational approach for different
social circumstances. The impact on the national energy balance
18 often cerucial, and in local terms it is sometimes a question
of survival. Development support could be substantially in-
ecreased, and may be channelled into carefully selected, self-
replicating rural and urban tree planting and agroforestry
schemes.

Ene erops (Chapter 2) The interest in energy crops have
inereased greatly during the last decade, particularly in
industrialized countries. Research programmes are under way
in e.g. USA, Sweden, New Zealand and Brazil. Ongoing develop-
ment 18 for example concermed with species selection, yield
improvement and marginal land utilization, and it focusses
on production for industrial use. The cost-effectiveness of
energy crops is extremely site- and crop-specific. A major
problem, particularly in developing countries, 18 land use
competition between food and fuel production (cash-ecrops). The
impact on the national energy balance is emall. Development
support may be channelled into pilot trials and economic/en-
vironmental evaluations.

Agricultural residues and organic wastes, (Chapter 3). Although
extremely important ag cooking fuel in many areas in developing
countries, these have been largely neglected by energy planners
and aid agencies until very recently. As wood-fuel supplies
are depleted, agricultural residues are increasingly being
diverted for use as domestic fuel. Agricultural residues
appear in very different forms, and ongoing development in-
cludes resource mapping, 8oil effects and suitable end-use
and convergion technologiee. The fuel source ie suitable for
local use only, since transport adds highly to the cost. The
economice of their use are 8ite-gpecifie, but can often be
very good. The main problems include seasonality of supply,
competing end- uses (e.g. ag fodder or fertilizer) and in-
ereased burdens for the poor created by the commerciali-
zation of earlier free goods. The impact on the national
energy energy balance i8 very large, and is locally ecru-
cial . Development support may be channelled into resource
mapping, ecological- issues and support of the establishment
of esystems for the rational use of residues for energy.

Peat (Chapter 4) has a long history as a fuel in several
northern countries. However, peat resources are widespread
also in developing countries. Ongoing development includes
industrial scale operations in industrialized countries,
and a few technology transfer projects now also started
in developing countries. Peat 18 a relatively Localized
fuel, and cannot carry large transport costs. The economics
can be favourable in both large-scale industrial and small-
scale manual operations, depending on the cost of alterna-
tives. The main problems concern de-watering, the environ-
mental effecte of exploitation and combustion (particularly
on a emall scale), 8ince peat t8 a smoky and difficult
fuel . Impact on energy balances 18 limited. Development support
may be channelled into resource mapping, technology transfer
and adaptation for gpecific projecte.

xiii
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Briquetting of biomass (Chapter 5) of biomass for the produc-
tion of more versatile fuels is a well-developed technology
for large-scale use. Ongoing development includee cost minimiz-
ing, applications in agricultural systems, and small-scale
applications using simple equipment. The economics are good,
but very sensitive to transport costs and the regular avail-
ability of suitable biomass. In addition, the burning of bri-
quettes or pellets may cause technical problems requiring
specific equipment in certain applicatione. The <impact on
national energy balances is small, but can be locally import-
ant. Development support may be channelled into integrated
pilot projects, probably on a large to medium scale, involving
the simultaneous development of supply and end use technolo-
gies.

Charcoal production. (Chapter 6) Improved charcoal kilne come
in many different designe, from improved simple earthen kilns
to expensive brick and metal constructions. The technology
18 well developed. Ongoing development includee local adapta-
tion, efficiency improvements and cost-minimizing. High ef-
fieiency through modern design could however, be achieved
at the high social cost of displacing large numbers of existing
emall charcoal makers. The introduction of efficient metal
and brick kilns would require major institutional change,
and involve the establishment of a new commercial infrastruc-
ture. Support for the introduction of improved earthen
kilns is another poseibility, increasing efficiencies moder-
ately while keeping employment intact. Major positive impact
on deforestation is an attractive "by-product". The cost-ef-
fectiveness of most types of improved kilnme is good, and most
designs can be produced locally or by local industry, although
investments are a problem for small producers. The impact
on national energy balancee can be significant. Major pro-
grammes spongored by development support must be carefully
evaluated from a social and resource availability point of
view, and support may be channelled into the introduction
of more effective kilne, evaluation of the establishment of
large-scale periurban plantatione for charcoal making etec.

Wood and Charcoal Stoveeg (Chapter 7). Today, most cooking
in developing countries i1s done on the simple, traditional
"three-stone" fireplace, or on simple charcoal stoves. These
are usually neither energy-efficient, safe nor convenient. Im-
proved stoves come in many varieties, most of which, however,
have failed to be accepted by local users. Many different
approaches have been tried, and following the intensive re-
search and field triale in recent yeare, several promising
prototypes and etove programmes are now being developed. On-
going development includee local adaptation and efficient
meane for production and dissemination. The overall economics
depend on a variety of factore such ae the evaluation of
health, comfort and other benefits in addition to emergy ef-
ficiencies, as well as the actual or perceived cost for fuel-
wood now used for cooking and heating. (In fact, health prob-
lems aseociated with emoke from open firee may be a major
cause of disease in developing countries.) The limited re-
sources spent so far on most stove programmes indicate that
stove coet may be onme limiting factor in dissemination, and
that the time-scale for wide acceptance of new woodstoves
is long. The impact on the energy balance may become very
significant at both the national level and the household
level . Development support may be channelled to the local
testing or implementation of adapted stoves; stove programmes
integrating energy, health, comfort and development aspects,
and improved contacts between the local and intermational
level of stove development.

Biomase combustion in small scale industry (Chapter 8) is
a well established technology though with plenty of room for
improvement. Ongoing developements, mostly done in industria-
lized countries, are mainly concerned with improving
fuel handling systeme and energy efficienciee. Much of the
equipment needed could be produced cheaply by local industry
in developing countries. The overall cost-effectiveness is
gite- and application epecific, but seems very favourable
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in many cases where an adequate biomass supply ie& available.
The impact on the national energy balance is small, but the
local 1impact on productivity may be of coneiderable
interest. Development support may be chamnelled into pilot
projects and information transfer to local entrepreneurs
and organisations in developing countries.

Biogag (Chapter 9). This is a well developed technology
useﬁ extensively in a few developing countries to promote
health and produce fertilizer and energy. Ongoing develop-
ments include cost minimizing and increased efficiency
and reliability. The economics are site-specific, depending
on i.a. local construction costs, the combined availability
of animal/human wastes and water, and the combined demand
for all benefite delivered. The main problems concern
the lack of infrastructure and technical back-up, as well
as the use of non-reliable designs. The potential impact
on the energy balance is small in most countries, but
can be locally and (sometimes) regionally important. Develop-
ment support may be channelled into dissemimation programmes,
including infrastructure build-up.

Draught animal power (Chapter 10) for transport, agri-
culture and energy 18 an ancient techmnology, used glo-
bally. However, in many countries this technology has
been neglected, due to over-optimistic expectations for
mechanization. Ongoing developments include adaption of
implements, breeding programmes and infrastructure build-
up. It is often very cost- effecitve provided that prob-
lems with animal disease and the need for an adequate
infrastructure can be eolved by suitable inetitutional
and scientifiec back-up. The impact on the national and
local energy balance is significant. Development support
may be channelled into the build-up of local infrastruc-
ture, including training.

Alcohol fuels (Chapters 11, 12 and 14), ethanol and methanol,
are well-established as commercial engine fuels. Fuel
ethanol programmes exist or are under way in several develop-
ing countries, with varying economic results. Methanol
for fuels ie etill limited to experimente in a few in-
dustrialized countries. Ongoing ethanol development ig
mostly concernmed with industrial scale research on new
manufacturing processes, the use of new raw materiale
and small scale processes. Most developing countries
have to import the technologies for industrial ethanol
production, which (with a few exceptions) is only economi-
ecally made on a large scale. The economics are site and
country specific, and depend on such factors as land use
competition, govermment policy and subsidies, petrol prices,
choice of technology, and the cost of using altermative
resources.

Vegetable oile (Chapters 11 & 12) as fuel for engines
18 a well-known technology. Ongoing development is con-
cerned with a number of prototype and field tests, mostly
in industrialized countries, focussing on engine prob-
lems, fuel preparation and crop selection. Fuel produc-
tion and engine modification can be made with local re-
gources, although advanced technologies would yield better
results. The overall economics are very site- and applica-
tion-specific, and in moet cases are not favourable compared
to standard fuels. Other problems concern land use competition
and serious maintenance problems with engines, 1if vegetable
oile are used for a long period. The esterification of these
might be one way out of those problems, but adds to cost. The
impact on the national energy balance is Llimited. Develop-
ment eupport may be channelled to selected pilot projects.

Producer Gas (Chapters 12 and 14) made from wood and charcoal
was used extensively during World War II in both industrialized
and developing countries. The technology is now being actively
revieed for the purpose of replacing oil for transport, shaft
power and process heat. Ongoing development includes pilot
projects, technology development and the adaptation of gasi-
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fiers to other fuels. Local manufacture occurs in Brazil,
Philippines and India, and experiments are taken place in
a large number of other countries. The cost-effectivencss
18 very siteepecific, depending on factors such as local manu-
facture and the costs of fuel, manpower, maintemance and of
available alternatives. The impact on the national ehergy
balance i1s small, but can be important for Llocal
productivity. Development support may be channelled to infor-
mation exchange, technology development, pilot projects etec.

Steam engines and steam turbines. (Chapters 13 and 14) have
a long history as a reliable but not very energy-efficient
gsource of emall scale power. Ongoing development includes
a renewal of interest in developing countries, not least due
to the flexibility of steam engines with respect to fuels
and their general reliability. Steam engines are locally manu-
factured in Brazil and India, for example. The economics are
often favourable, but depend a great deal on the cost of wood
for fuel and of available alternatives. The impact on national
energy balance ie emall, but can be important for local pro-
ductivity. Development support may be channelled into hardware
development, economic evaluations and pilot progjecte.

Stirling engines (Chapters 13 and 14) is an old, well estab-
lished technology, that never became really widespread due
to competition from internal combustion engines. Ongoing devel-
opment includee new advanced designs ae well as renewed in-
terest in simpler designs. Stirling engines are reliable and
adaptable to most local fuele. Local manufacture might be
difficult. The economice are 18 usually unfavourable, but
may be attractive in special applications. Problems include
high costs for advanced models and lack of commercial hardware
for simpler designs. The impact on the energy balance is in-
stgnificant. Development support may be channelled to prototype
development and tests.

Solar water heaters (Chapter 15), mostly for household use,
18 an old widespread and well-developed technology. Ongoing
development 18 mainly concermed with cost-minimizing and an
inerease in durability and quality, aimed at urban popula-
tions and institutional buildings, hotels, etc. The economics
are often very attractive, especially for replacing electri-
city, when electricity prices are high (as the