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P~FACE

This study reviews the factors--technical, economic, cultural, and
political--that affect the diffusion of biomass-based energy technolo
gies in developing countries, identifies opportunities and limitations,
and makes recommendations for improving technology diffusion for meeting
the energy needs of the rural and urban poor.

The report has been produced under the sponsorship of the Inter
national Relations Division of the Rockefeller Foundation. The study
was carried out by an international panel, assisted by National Research
Council (NRC) staff, a team of consultants, and by many knowledgeable
and concerned people around the world. The NRC wishes to express its
appreciation to all who contributed to this project and to the Rocke
feller Foundation for its generous support.

v





CONTENTS

Overview 1

Diffusion of Innovations 12

2.

3.

Energy and Development

Needs of the Poor 27

24

4. Renewable Energy Technologies 36

5. Technical Factors 45

6. Cultural and Economic Acceptability 52

7.

8.

Diffusion of the Technologies

Conclusions and Recommendations

61

91

Bibliography 96

vii





OVERVIEW

This report is concerned with the factors that influence the
introduction and diffusion of selected biomass-based renewable energy
technologies in developing countries. It is based on discussions with
those involved in planning and implementing energy projects in devel
oped and developing nations, and on published information. It is also
based on visits by panelists, consultants, and National Research Council
(NRC) staff to seventeen developing countries in the course of this
study to observe renewable energy projects first hand. These countries
are: Brazil, Colombia, Dominican Republic, Ethiopia, Fiji, Honduras,
India, Indonesia, Jamaica, Mauritania, Papua New Guinea, People's
Republic of China, Philippines, Sri Lanka, Tanzania, Thailand, and Upper
Volta. Selected observations based on these visits are incorporated
into this report.

Rapidly rising oil prices have resulted in rapid adjustment of
consumption practices in the industrialized nations and in the affluent
sectors of developing countries. Conservation and substitution have
been accomplished on a scale that many thought impossible five years
ago, and as a result, oil prices are temporarily stabilizing. For
developing countries, the effect of rising oil prices was catastrophic
in two ways: (1) their precarious economies were overwhelmed by the
costs of their modest oil needs to the extent that most are deep in debt
to the oil suppliers, and investment in industrialization and agricul
tural development has virtually disappeared; and (2) substitution of
biomass for petroleum fuels in cooking and small industry has increased
firewood and charcoal consumption in the urban areas to the point where
meeting this demand is causing serious deforestation and erosion in the
countryside.

At the same time, renewable energy technologies are not being
adequately diffused among the people most dependent on them--the rural
and urban poor. Governments seldom recognize the importance of these
technologies, and investment to support them is not attracted because
the benefits are delayed. The poor are understandably reluctant to
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adopt technologies that do not meet their perceived needs. and they are
seldom consulted when projects are being designed. Unless this situa
tion is remedied. they will continue to be faced with serious shortfalls
in food production and indefinite dependence on outside assistance. On
the other hand. renewable technologies can be successfully adopted by
poor people when they are involved in the planning and management of the
project. and when. moreover. these projects can be profitable.

The technologies discussed include the generation of biomass
through fuelwood plantations and agroforestry and the use of biomass in
improved cooking stoves. charcoal manufacture. thermal gasification.
and the production of biogas and fuel alcohol. These were selected
because of their relevance to agricultural productivity and the depen
dence of the poor on biomass as an energy source.

For each of these technologies. the technical. economic. social.
and cultural factors affecting their introduction and diffusion are
considered.

The report also covers the nature of the diffusion process. energy
and development. needs of the rural and urban poor. the characteristics
of the technologies. and their feasibility and acceptability by the
poor. Further. developing country experience with these technologies
is briefly described. followed by conclusions and recommendations. A
summary of these topics follows.

DIFFUSION OF INNOVATIONS

Diffusion is the process by which innovations spread to the
members of social systems. In the diffusion of technologies. both
centralized and decentralized models have been identified and charac
terized. In practice. most diffusion efforts combine elements of both.

In this report. the term diffusion applies both to dissemination
of information about a new technology and dissemination of the tech
nology itself; for instance. new cooking stoves.

ENERGY AND DEVELOPMENT

For the rural and urban poor. properly designed biomass conversion
technologies could reduce the economic and environmental costs of cook
ing and heating and. in some cases. provide opportunities for economic
growth and employment. Biomass production technologies can slow the
devastating process of deforestation and soil erosion that threatens
traditional subsistence agriculture and is an obstacle to long-term
economic growth.
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NEEDS OF THE POOR

Meeting the energy needs of the poor through biomass-based
technologies will not in itself significantly reduce a nation's petro
leum use. Most of the poor already rely heavily on biomass sources-
firewood, charcoal, agricultural residues, and dung--and will probably
continue to do so. The value of the various technologies described
here lies in increasing the availability of the materials currently in
use, ensuring that they are used effectively, and providing alternative
employment opportunities.

TECHNICAL FACTORS

Certain characteristics of the technologies appear to make some
more acceptable than others. While many technologies are feasible,
only a few may be practical. Characteristics that encourage acceptance
include structural simplicity, use of familiar materials and techniques,
functional discreteness, and obvious, short-term benefits.

CULTURAL AND ECONOMIC ACCEPTABILITY

In any society, existing social structures, economic organization,
political institutions, and beliefs influence acceptance of change of
any sort. New technologies that mesh with indigenous systems of
resource allocation, work organization, goods distribution, social and
authority structures, and prevailing values and religious beliefs
clearly have the best chance for success.

DIFFUSION OF THE TECHNOLOGIES

Attempts have been made to introduce the technologies described to
many developing countries. In almost every case, factors external to
the technology seem to have a greater influence on acceptability than
the technology itself.

Moreover, there are circumstances in many developing countries
that prevent even initial consideration of biomass-based energy tech
nologies; for instance, policymakers may focus entirely on large-scale
hydroelectric, geothermal, or fossil fuel development schemes.

All kinds of energy sources should be considered. However, biomass
production for energy has the additional potential, if properly managed,
of stabilizing the environment and providing employment opportunities
in rural areas.
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OTIIU FACTORS AFFECTIRG ENERGY TECHROLOGY DIFFUSION

The diffusion of bioaass energy technologies. or lack of it. is
only one ele-ent of the total energy sector in developing countries-
which. in turn. is only one, albeit critical. sector of national
resources that -ust co-pete for attention. Developing countries
generally have limited capacity to gather complete and accurate resource
info~tion. to analyze this info~tion. and to plan allocation and
use. Yet planning capacity is funda.ental to rational polic~king;

inability to identify clearly the nature and scope of proble-s. par
ticularly where resources are limited. restricts develo~nt. Given
these circuaatances. it is difficult to establish priorities.
Short-ter-. urgent problems tend to absorb a disproportionate a.aunt of
effort. although long-term probleas ..y be even .are critical.

There is another complication: ..ny officials in developing
country governments and regional organizations ..intain that the atten
tion given to renewable energy technologies by technical assistance
agencies reflects an underlying policy to deprive developing countries
of their fair share of oil supplies at reasonable prices and to ..ke
them dependent on "second-class" technologies. Yet even if oil prices
decline further. the problems of deforestation and erosion in the
countryside will continue.

Further. there are many reasons why bioaass energy technologies
are not considered as serious alternatives to other energy technologies.
For example:

• Coal, peat. hydroelectric and geother-al sources. and oil
exploration are more attractive for reasons that include
abundant data on development costs, equi~nt, and uses, and
because of offers from multinational entrepreneurs who are
often on the doorstep promoting cooperative endeavors in
conventional energy technology. Conversely, renewable energy
technologies have no visible constituency; they are frequently
associated with women's activities--firewood gathering, food
processing, and cooking--and tend to receive less official
attention than if they were in the male province. They are
perceived as being small-scale and diffuse, and therefore
ineffective or socially complex and expensive alternatives.

• There is a tendency to center on one alternative energy source
rather than a multiplicity of sources, or to equate a past
failure of one technique with the unsuitability of all of them.

• Solar technologies and related high technology energy systems
are developed by industrial enterprises to supply energy needs
in industrialized countries, and it appears unlikely that these
technologies will make much of a contribution to developing
countries in the foreseeable future. Their application, other
than in relatively simple crop-drying systems and water
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heaters, is unlikely to reduce the amount of biomass required
to continue to provide the main fuel source.

• There is a perceived lack of infrastructure for diffusing
energy technologie.. Almost everywhere, extension capabilities
are felt to be inadequate, even for simple reforestation; and
even though nongovernment organizations (NGOs) are frequently
successful in working with traditional social agencies, few
governments acknowledge that thi. route offers serious possi
bilities for easing national energy problems. Many governments
fear that apolitical NGOs will not remain so.

• Biomass-based technologies are seen only as long-range
solutions, since growing biomass or organizing its production
on any useful scale is believed to take too long. Hence, the
technologies are often given little attention either by plan
ners or by farmers with a serious immediate problem.

• The low rate of internal return on investment that is felt to
characterize these technologies pushes scarce capital or loan
funds into conventional development projects in agriculture and
industry that carry high short-term returns. Long-range
societal gains such as environmental benefits are almost never
considered in economic evaluation.

These problems appear to be almost universal, occurring at
individual, community or village, and government planning levels and
applying equally to arid and humid conditions. In arid regions, the
energy problem and its environmental consequences are stark and visible,
and to many, hopeless; in humid areas, the problem is less obvious
because forest resources mask the rate of deforestation. The problem
in these areas is as serious, however, because of the potential impact
on watersheds, the high rate at which environmental degradation can
take place, and the enormous numbers of people affected. Because
environmental degradation has no direct impact on the area being
deforested, there is little incentive for the woodcutters to change
their practices.

Biomass Production

Biomass production for fuel has been practiced for thousands of
years. It is only recently that population increases have made sub
stantial, potentially disastrous inroads on the regenerative capacity
of woody plants in agricultural areas.

Reforestation schemes have been a feature of land use for some
time, but often for watershed management or timber production rather
than fuel. An important feature of these projects has been the protec
tion of the trees from use by neighboring communities. In many
countries, the forestry authorities are mainly concerned with policing
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forest reserves, rather than with assisting the community in growing
trees for fuel use. Because forestry is perceived as having little
value to the community (as opposed to logging interests), most forest
services are poorly staffed and equipped, separated from agricultural
programs, and generally ill-prepared to meet the needs of a national
biomass program. Further, the species about which these forest services
are knowledgeable may not be the most suitable for fuelwood.

The exploitation of forest resources is a common source of
corruption, because large profits are to be made from timber
concessions. Even where there is a national policy for the conserva
tion or generation of biomass, there is often a countervailing local

/interest in its exploitation.

Land tenure is a particularly thorny aspect of reforestation.
Land use often implies ownership; outside efforts at reforestation are
thwarted by local concern over loss of rights. In this context, fuel
wood reforestation projects, which in recent years have been launched
in many countries, have seldom reached their goals. Where communities
become involved in planning and implementing projects and where the
potential benefits are clear, fuelwood programs have worked. Recent
World Bank studies have shown that under favorable conditions
large-scale reforestation programs have been successful.

Improved Cooking Stoves

Much effort has been concentrated on designing improved cooking
stoves, for the most part using firewood. Success has been mixed:
some communities and governments have adopted the technology with
enthusiasm, while others have encountered design, cultural, or cost
factors that hinder widespread adoption. As yet, there is no demon
strable connection between the introduction of "improved" cooking stoves
and a lowered rate of firewood consumption, though in most cases this
is the justification for the effort. There is considerable variation
in the way that stove efficiency is measured and reported. Indeed, in
some cases the improvement in efficiency and reduction in fuel consump
tion attributed to the devices is intuitively assumed, not tested or
measured.

While stoves clearly have other benefits for the user, there is no
guarantee that they will reduce fuel consumption by the amounts predic
ted in laboratory efficiency tests. Much of the field information
about them is derived from the relatively affluent, who can acquire the
technology and for whom access to firewood is not a critical limitation.
Thus, even where stoves are constructed and used as the designers
intended, they may merely be used for additional purposes rather than
for reducing consumption. Little information is available about the
desperately poor and the actual or potential impact of improved stove
technology on, for example, reducing the amount of animal dung burned.
Also, scientists have demonstrated that when traditional (three-stone)



- 7 -

cooking is done carefully, efficiencies are equal to those of
well-designed chula or Lorena stoves. There is little doubt that the
poor who suffer firewood shortages use their supplies with care.

Charcoal Kilns, Stoves, and Gasifiers

Charcoal kilns of many types and sizes--metal drum, retort, brick
beehives, dome--have been tested in a variety of circumstances. Few
have been adopted, and charcoal production in many developing countries
is mostly carried on by itinerant entrepreneurs using traditional pit
or mound methods. Where the wood is gathered from the commons free for
the cost of labor, there is little incentive to acquire a relatively
expensive device, that is difficult to transport to new production
sites, to improve the efficiency of charcoal recovery.

In many countries, particularly arid ones where trees are scarce,
there is a remarkably sophisticated and efficient system of contractual
relationships among charcoal makers, transporters, and consumers,
providing employment and income to many people at the expense of the
countries' dwindling forest resources. This system has proved diffi
cult to alter, even in extreme situations in which charcoal must be
transported hundreds of kilometers. The capital investment and polit
ical impetus required to balance use with regeneration of the trees, in
a way that would involve existing charcoal producers rather than dis
placing them, has not yet been evident in most countries. Yet, as
petroleum fuels and electricity become ever more expensive, charcoal
consumption in urban areas for home use is increasing dramatically.
This holds true in restaurants and industry as well. The environmental
consequences are potentially catastrophic; many societies are mortgaging
the resources of future generations, not only placing at risk many
forest species (which may become extinct along with their wildlife) but
also causing erosion--all of which threaten the entire ecological base
on which agricultural production depends.

Successful charcoal fuelwood plantations have been operated in a
few locations, notably Brazil and Argentina; more serious attention
from governments, communities, and technical assistance donors is needed
for this aspect of national energy supply. Charcoal use is likely to
increase even further as other technologies, such as gasifiers to
generate electricity, pump irrigation water, or power fishing boats or
trucks, are adopted. These technologies can provide a useful incentive
for environmentally sensible planning of renewable fuelwood supplies.
Charcoal conservation, through improved production techniques, briquet
ting, and use of more efficient stoves, is an important priority.

Biogas

Perhaps none of the renewable energy technologies has been
promoted as enthusiastically as biogas generation. Yet, experience
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indicates that the conditions under which the technology is successful
on a sustained basis are rather restricted. Biogas generation requires
capital investment, a plentiful and reliable source of substrate (pre
ferably animal dung), and a fair level of technical competence to obtain
enough gas to justify the effort. Community biogas projects have
foundered over problems with the cost of the system, responsibility for
operation and allocation of gas, collection of substrate, disposal or
equitable distribution of the residue, and, in arid regions, adequate
water supply. Few poor families have the capital or the necessary
animals to support a home generator. The amount of gas produced, par
ticularly in cooler regions, is relatively small compared with the
capital and running costs, even discounting labor (which is often
neglected in biogas economics).

Thus, with notable exceptions, successfully operating biogas
generators are typically associated with fairly sophisticated, integra
ted systems of waste management based on cattle, swine, or poultry
production, in which the gas generated is a valuable by-product rather
than the main objective. The extensive Chinese experience, with some
seven million digesters constructed, appears similarly linked to
environmental and health improvement and nutrient recycling (including
human waste), with gas a by-product of nutrient conservation and waste
treatment rather than the principal objective. In other countries,
diffusion is subsidized and, in general, adoption is limited to the
relatively wealthy animal owner.

It appears unlikely that biogas will provide much fuel for the
poor until they acquire other resources--such as livestock--and are in
fact no longer poor.

Alcohol Fuels

Only in Brazil is fuel alcohol used on any scale. However, many
countries are now undertaking pilot projects to produce ethanol as a
substitute for gasoline, and a few are examining wood gasification as a
route to methanol. Methanol production is inherently a large-scale,
expensive technology, which is unlikely to supply fuel to the rural or
urban poor. Ethanol, on the other hand, is produced almost everywhere
as potable spirits, and may offer an attractive and economical source
of fuel for some developing countries. It requires a cheap and plenti
ful supply of substrate, however, and increased demand for ethanol is
likely to increase the price of substrates such as sugarcane, cassava,
and cereal grains.

If used wisely, ethanol can provide farm power and, where land
permits, can raise incomes in rural areas through local production of
fermentation substrates as cash crops. Practical biological systems to
convert lignocellulose to sugars for ethanol, which may be achieved in
the near future, should markedly increase the economic and environmental
attractiveness of this fuel, with profound consequences for tropical
countries.
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CONCLUSIONS

All biomass-based energy technologies have inherent limitations in
supplying national energy needs, and it is difficult for planners to
make informed judgments about appropriate mixes of these technologies
for different situations. However, the production of biomass is of
critical importance, both for meeting energy requirements through
whichever technologies are suitable and for countering massive defores
tation as people increasingly meet their energy needs from unreplenished
biomass. The consequences of deforestation reach far beyond availabil
ity of firewood and are already having a devastating effect on
watersheds, land contour, soil fertility, and, potentially, the entire
ecological basis of sustained food production.

Maintenance of the environment, revegetation, protection of forest
resources, and diffusion of suitable biomass technologies are problems
that are too large and complex to be tackled only by individuals and
small communities. They must be the responsibility of society as a
whole.

Poor people will not change their practices unless they can afford
to; that is, unless they are convinced it is to their advantage, and
advantage is almost always perceived in economic terms. Of course in
certain cases, especially in less monetarized societies, it may be a
social or cultural advantage. The overwhelming problem with the adop
tion and diffusion of biomass-based renewable energy technologies is
that the advantages may occur so far in the future or may be so dif
fused throughout society--for example, as with reforestation--that they
often cannot outweigh the immediate loss in the form of effort or
investment (whether to plant and nourish trees, obtain the materials to
construct a better stove or biogas generator, or build a kiln to make
charcoal more efficiently).

The converse is also true: demonstrate the advantage, the stove,
the gasifier, and the guaranteed access to land and the rights to their
own trees, and the poor will grasp the opportunity without hesitation.
The packaging of policies and procedures to assure that the advantages
accrue in a constructive manner is a key issue in development.

There is need to allocate a much larger share of national develop
ment efforts to reforestation, social or agroforestry, and community or
commercial woodlots with whatever kind of organization local conditions
require. This should include providing economic incentives, such as
temporary subsidies, training, and research to support the increased
level of activity. There is a particular need to examine the legisla
tive, legal, and customary aspects of land use that affect the right to
use forest resources, and to take steps to ensure that these resources
are protected and renewed, rather than indiscriminately exploited. In
some countries, examination of land use practices has identified
necessary legal changes that have already proved highly successful in
encouraging biomass production.
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Many aspects of bia.ass-based energy techDOlogies are highly
location...pecific. A great deal of local experience with these tech
DOlogies is required to _ke info~d juda-nts about their potential
to contribute to national energy budgets. Fortunately. iacreased
attention is being given by gove~nts and technical assistance
ageocies to this need for experience. Bovever. there are still _ny
countries. particularly the .ost needy. which have yet to establish
such progr_. Plana for the production and use of bia.a..-based fuels
should ioclude. with full c~ity participation. the following
ele.ents:

• dete~ination of the target population's needs and resources.
with policies based on this data;

• identification. evaluation. and selection of strategies for
bia.ass develop.ent. with designation of ti.etables;

• experi_ntation with. and pilot-level production of. energy
through bia.ass technologies under actual field conditions;

• ca..ercialization of the technologies. with envirou.ental
safeguards;

• enbauce.ent of education and extension services;

• support for IlOngove~nt organizations pra-oting renewable
energy projects; and

• cooperation and c~icationwith other countries and inter
national organizations to capitalize on relevant experience.

Although the use of renewable energy technologies reaains very
liaited ca.pared with the needs. there are sa.e striking exaaples of
success. with clear indications of the factors responsible. These
factors that pra-ote success include:

• Awareness of national and ca.munity energy needs and of the
iaportance. in the local situation. of developing
bia.ass-based alternatives. Because of the long-te~ nature
of sa.e bia.ass-based systems. and the iaplications for policy
and land-use planning and capital requireaents. there .ust be
a national policy ca.ait_nt. This ca.ait_nt aust be
reflected in the attitudes of local officials; enthusiaaa on
the part of IlOngovern.ent organizations and individuals or
ca.munities by itself is not sufficient.

• Community involvement in the planning. i.plementation. and
aanagement of local bioaass energy projects. and clear under
standing of the benefits and how they are to be divided. In
this context. the role of the organizer-entrepreneur (whether
a govern.ent official or ca.aunity leader) in .otivating
ca.aunities to solve their energy probleas has been critical.
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• Access by the community to reliable and unbiased information
about renewable energy technologies used elsewhere, to capital
or credit, and to technical assistance for troubleshooting.

• Incorporation of benefits other than energy in the plan; for
example, improved environment and health, or development of
marketable skills or products. Energy is not a discrete
problem for the rural poor; rather, it is one strand in the
web of poverty.

• Inclusion of opportunities for adaptation, improvement, and
feedback to enhance acceptance and diffusion.

These factors appear to be equally important in organizing refor
estation or building biogas generators or improved cooking stoves. The
organization and management of the effort appear to be more critical
than the precise nature of the technology.



1 DIFFUSION OF INNOVATIONS

Diffusion is the process by which innovations spread to the
members of a social system over time. Diffusion studies are concerned
with messages about new ideas, whereas communication studies encompass
all types of messages. Because the messages are new in the case of
diffusion, there is a degree of risk and uncertaihty for the recipient,
leading to somewhat different behavior than if the messages were about
routine ideas. The "classical model" of the diffusion of an innovation
consists of the innovation, defined as an idea perceived as new by an
individual, which is communicated through certain channels, over time,
among members of a social system.

In this discussion of diffusion, the classical model is extended
to include descriptions of several kinds of innovations.

A preventive innovation is a new idea that is adopted "now" to
avoid the possible loss of a desired value in the future. Its purpose
is to minimize loss. Some examples are crop insurance, seat belts, and
fire alarms.

Most of the innovations studied in past diffusion research have
been incremental innovations. An incremental innovation is a new idea
that is adopted now to gain a possible increase in a desired value in
the future; for example, a new seed variety or chemical fertilizer.

Little is known about preventive innovation decisions, except that
their rate of adoption is usually slower than for incremental innova
tions. The motivation to adopt a preventive innovation is often a
cue-to-action, that is, an event that crystallizes an attitude into
overt behavior. For instance, a drainage cue-to-action would be a
flood or outbreak of waterborne disease.

- 12 -



- 13 -

DIFFUSION AND SOCIAL INEQUITY

During the 1960s and 1970s, applications of the classical diffusion
model to development programs in developing countries was criticized
for increasing socioeconomic inequity. Critics point out that in
development programs, the nature of the social system in which the
innovations were introduced and the quality of the innovation have
often been disregarded. They say that the socioeconomic structure has
considerable effect on the innovation behavior of individuals and that
it usually favors adoption of new ideas and technologies by richer
people.

Most observers agree that the major problem in many developing
countries today is the unequal distribution of such resources as income,
lands, skills, and information that perpetuates inequality. Critics
stress that technical change results in a skewed distribution of bene
fits; individuals who have greater resources usually benefit more from
the innovations introduced by development agencies than individuals
with fewer resources, thus widening the benefits gap.

In addition, some of the basic assumptions of the diffusion model
have been criticized: (1) that communication by itself generates
development, regardless of socioeconomic and political conditions;
(2) that increased production and consumption of goods and services
constitute the essence of development and that a fair distribution of
income and opportunities will necessarily derive, in time; and (3) that
the key to increased productivity is technological innovation, regard
less of whom it may benefit or harm. Critics of these assumptions point
out that the main inhibitions to development may be mainly structural
rather than informative and that restructuring of a society may be
needed to make the diffusion of innovations more effective in the
development process.

The social structure has been found to be a powerful determinant
of individuals' access and response to the mass media. The more privi
leged farmers who own land and enjoy a higher socioeconomic status have
more communication opportunities and are the most likely to adopt new
agricultural technologies. A farmer's failure to adopt innovations may
be due more to a lack of opportunity than to resistance to change.
Farmers with more land, money, and knowledge can more easily obtain the
credit and information they need to adopt technical innovations. Most
of the poorer and less progressive farmers in developing nations lack
such resources.

Development agencies tend to provide assistance to a relatively
small number of wealthy, educated, and information-seeking farmers;
following this progressive (or "easy-to-convince") farmer strategy
leads to less equitable development.

Some critics have also argued that innovations may be uncritically
viewed by development workers as "good" for all farmers. The social
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and econoaic consequences for the ca..unity as a whole have not always
been considered, such as whether a technological innovation is appro
priate for everyone, or whether it favors sa.e groups of iodiriduals at
the expense of others.

UIlIVEIITIOB

Reinvention occurs when an innovation is changed by the adopter in
the process of i.ple-entation. Reinvention ("adaptive" technology)
i.plies a .are active role for the individual adopter. Most scholars
have _de a distinction between invention and innovation: invention is
the process by which a DeV idea is created or developed, while innova
tion is the process of adopting an existing idea.

In the classical .odel of diffusion the innovation vas regarded as
essentially unchanging in the process of its diffusion and adoption.
The existence of reinvention vas siaply ignored, perhaps because the
degree of reinvention _y have been rather low in the case of i.portant
agricultural innovations like hybrid corn and 2,4-D veed spray, oving
to the genetic, cheaical, and biological nature of these innovations.

DECEBTRALIZED VEllSUS CEBTRALIZED DIFFOSIOR

In addition to the centralized diffusion .odel, an alternative
.odel of decentralized diffusion also exists. Schon pointed out that
theories of diffusion have characteristically lagged behind the reality
of e.erging syste-a. Be particularly criticized the classical diffu
sion theory, which he ter.ed a "center-periphery .ode1 , " and which
rests on three basic preaises:

• that the innovation to be diffused exists fully realized in
its essentials, prior to diffusion;

• that diffusion is the .ave.ent of an innovation frOll a center
out to its ult~te users; and

• that directed diffusion is a centrally aanaged process of
disseaination, training, and provision of resources and incen
tives (Schon, 1971).

The traditional centralized diffusion aodel not only prevails in
theoretical writings, but has becOlle the "dOllinant noraative aodel for
diffusion." The best-known ex-pIe of a center-periphery .adel of dif
fusion is the Federal Extension Service of the United States Departaent
of Agriculture (USDA), which coordinates vith the state agriculture
extension services. This progr_ (vith an annual budget of aore than
$350 aillion) represents the largest public investaent in a diffusion
systea in the vorld.



- 15 -

In their early days, extension services in the United States
identified and then disseminated t~ agricultural practices followed by
the most successful farmers. In later years, a superstructure of agri
cultural research was connected to agricultural extension services to
serve as a source of innovations. Most extension workers tended to
forget that innovations could come from farmers' experience as well as
from formal research and development.

Agricultural innovations Item from R&D activities by the USDA and
by state agricultural experiment stations. The agricultural extension
services operate in close collaboration with these organizations
through state extension specialists, who are stationed in state agri
cultural universities. The responsibility of these extension
specialists is to convey information about agricultural innovations to
county extension agents, who in turn diffuse these innovations to
farmers. Thus, the agricultural extension services represent a
centralized diffusion system. Not only has this diffusion model been
widely copied in agricultural extension services in developing nations,
but it has served as a basis for the design of several other U.S. dif
fusion systems, in such varied fields as vocational rehabilitation, mass
transportation, energy conservation, and education.

Schon's main criticism of this centralized diffusion model is that
it may apply to certain classes of innovations "lying near the peri
phery," but that it fails to capture the complexity of innovations that
evolve as they diffuse (reinvention) and that thus originate from
numerous sources (not just the center). The diffusion process should
not consist only of centrally developed information, but should also be
shaped by user demands and solutions to problems from other users.

In many developing countries, agricultural extension agents have
low status; they are often drawn from agricultural colleges at which
they have had relatively undistinguished careers; failing to be selected
for scholarships for further study abroad or for the more prestigious
positions in the Ministry of Agriculture. Few are from the rural areas
or are particularly motivated to solve rural problems, and seldom do
the training courses prepare them for communicating convincingly with
farmers. They usually find that the farmers know more about agriculture
than they do, and they become demoralized and ineffective. Giving them
additional responsibilities for energy is unlikely to be any more suc
ceslful, yet the prospect of erecting a parallel extension structure
for rural energy is daunting.

An alternative model of diffusion, based on decentralized, hori
zontal diffusion of innovations among adopting units depends mainly on
peer networks for transferring technological innovations among
local-level units.
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DECENTRALIZED DIFFUSION IN CHINA

Diffusion in China is characterized by the use of exemplary units
(production brigades, communes, or counties) as role models for the
rest of the nation and by "on-the-spot conferences" through which inno
vations originated by these model units are diffused to other adopting
units throughout the nation. In the recent past, this innovation pro
cess was often started by broad policy directives issued "fro. the
center"--that is from Chairman Mao himself. These directives were
distilled from the ideas of the masses, rather than co-ing from educated
experts. Mao wrote that one should "take the ideas of the masses (about
their needs and possible solutions) and concentrate the- (through study,
into more systematic innovations): then go to the masses and explain
these ideas until the masses embrace them as their own, carry them out
and persist in this on their own; then test the correctness of these
ideas in action." This statelllent, in short, reflects a decentralized
type of diffusion.

The Tachai Production Brigade. The local unit that perhaps best
illustrates how a nationally recognized model serves as a dissemination
point in a decentralized diffusion system is the f..ous Tachai Produc
tion Brigade in Senshi Province, an area characterized by rocky soil,
erosion, and poor agriculture. The approximately 90 households in
Tachai Brigade manage 144 acres of this hilly land. By constructing
stone terraces, underground conduits to carry off occasional flood
waters, an irrigation system, and adopting che-ical fertilizers and
other agricultural innovations, the farmers of Tachai Brigade were able
to raise their grain yields from 1,050 kilogr..s per hectare in 1949 to
5,295 in 1965-66, and 8,220 in 1977. This achievement is remarkable
when ca.pared with China's national average of 3,300 kilogr..s per
hectare.

But the main lesson of Tachai Brigade is self-reliance. For
ex..ple, after a disastrous rain in the early 1960s washed out all of
the stone terraces that had been laboriously constructed by the Tachai
fanaers, this bridgade adopted the slogan of "three don't wants": don't
want state funds for recovery, don't want state grain, don't want relief
materials. This self-reliant stance was entirely consistent with Mao's
philosophy, and in 1964 he proclaimed: "In agriculture, learn from
Tachai." This slogan was reproduced on daas, bridges, and the walls of
houses and public buildings throughout China.

Once Tachai becaae Mao's agricultural model, it was challenged by
Mao's rivals, Liu Shao-chi and his followers, who criticized the Tachai
Brigade "for putting politics in the background" and advocated their
own agricultural model. After six years of struggle with the Liuists,
who claimed that the Tachai farmers had falsified their acco.plish.ents,
Tachai e-erged in 1970 as the national model for agricultural develop
ment. An interest in models is one strategy that Chinese leaders use
to promote their favorite policies. After the model attains success,
the political leader draws attention to it through the mass media and
by on-the-spot conferences involving participants from other ca.munes.
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One important effect of on-the-spot conferences (in addition to
providing information about the innovation being studied) is an
increased feeling among the participants that they can control their
own futures, rather than being controlled by fate, nature, or super
natural forces.

On-the-spot conferences allow participants to actually see the
innovation in use by a local unit, to ask how effective it has been and
how to implement it, and to consider how the innovation might be
utilized in their home units. Following the on-the-spot conference, the
participants report this information to their peers, who then decide
whether or not to adopt the innovation, and, if so, how to fit it to
their particular local conditions. China also used a decentralized
approach in promoting biogas technology, with strong emphasis on local
self-reliance.

Biogas Production in China. Biogas generation in China appears to
be the world's most successful example of renewable energy technology
diffusion, success being measured by numbers of people motivated and
technology units constructed; it offers important lessons about the
introduction and diffusion of new processes.

Although the first effort to popularize biogas use was based on
the instructions of Chairman Mao during the Great Leap Forward, signi
ficant progress was not achieved until the 1970s. Two counties in
Sichuan Province developed successful techniques for producing biogas
between 1970 and 1972, building several hundred digesters. In 1972,
leaders in the State Scientific and Technological Commission and the
Ministry of Agriculture and Forestry decided to launch a national move
ment to popularize biogas. During the 1970s, about 7 million digesters
were constructed, with at least a few in half the provinces and in over
1,000 of the nation's 2,100 counties. About 5 million digesters are
located in Sichuan Province. This concentration in Sichuan is due
partly to the higher population density there (up to 600 persons per
square kilometer), partly to the relative lack of coal and firewood in
the area, and, perhaps most important, the fact that the Party Secre
tary of the Province has been an enthusiastic promoter of biogas.

Given the policy emphasis on local self-reliance, the training of
commune members has been a strong factor in the diffusion process for
biogas. Biogas promotion officials have used reports, posters, demon
strations, seminars, and workshops for training. Moreover, teams of
commune members have visited areas that are particularly advanced for
on-the-spot conferences. On their return home, a few digesters are
built for evaluation and, in many cases, modifications made in the
design and co~struction to meet local needs.

The vast majority of Chinese biogas units are designed for the
needs of a single household. These family-sized units are usually
about ten cubic meters in volume and provide about one cubic meter of
gas per day--sufficient for a family of five.
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These f..ily biolas units are enclosed domed pits with prOV1S10n
for adding wastes, removing digested effluent, and capturing and con
veying the gas generated. The construction materials are brick, sand,
cement, and rocks; material costs are about *12 per cubic meter of
capacity; construction time is about 1.S laborers per day per cubic
meter. The state reimburses 20-30 percent of the materials cost to the
owner of a successful digester.

The principal advantage of the Chinese digesters is their low cost
and ease of construction. By contrast, the floating gas holder (usually
steel) incorporated in the biolas units promoted in India significantly
increases their cost and reduces their acceptability.

A problem with the Chinese diffusion of biogas units, at least
partly derived from local reinvention and self-reliance, is that more
than a third of those constructed are inoperable, primarily due to
faulty constr¥ction.

Replicating the Chinese biogas experience in other developing
countries is also problematic. Where the process is viewed solely as a
way to produce energy, important elements are overlooked. Factors of
health, environment, and recycling nutrients to the land are of equal
or greater importance in the Chinese approach. The tradition or will
ingness to work with human, animal, or agricultural wastes is missing
in many countries.

SELF-RELIANCE IN DECENTRALIZED DIFFUSION SYSTEMS

In the cases of China's Tachai Brigade and biogas programs, a local
system responded to a nationally set agenda of priority needs. The
innovative local program was then promoted by the central government
through the mass media and widely emulated by other local units. The
central government was an essential ingredient in these decentralized
diffusion systems in (1) setting a national agenda of problems,
(2) identifying a local model, and (3) promoting diffusion of the
model's innovations. Therefore, such diffusion systems are not com
pletely decentralized, although they are relatively decentralized in
comparison with such centralized diffusion systems as the agricultural
extension services in the United States. In China, decision making
about which innovations to develop and diffuse, and to whom, is widely
shared among the members of the system, rather than being concentrated
in the hands of a few.

COMPARING CENTRALIZED AND DECENTRALIZED DIFFUSION SYSTEMS

Table 1.1 shows some of the main differences between centralized
and decentralized diffusion systems. Most diffusion systems, however,
exhibit some characteristics of both models. Further, over a period of
time, a diffusion program can move on a continuum between the two
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extremes to become relatively more or less centralized. This flexibil
ity has important implications for policymakers who are designing a
diffusion system, enabling them to centralize or decentralize the sys
tem as they take into account such factors as the heterogeneity of the
target audience and the nature of the innovations (for instance, whether
the technology is relatively simple or complex).

To date, little comparative research has been conducted to deter
mine the advantages and disadvantages of centralized and decentralized
diffusion systems. Neither system is best for all situations. Instead,
there may be specific conditions under which the diffusion system
designed by planners should be a mixture of these two models. A first,
and very important, step is to recognize that the centralized diffusion
model is not the only possibility.

TABLE 1.1 Characteristics of Centralized and Decentralized
Diffusion Systems

Centralized Diffusion Systems

Centralized control of decisions
by national government officials
and technical experts

Diffusion from top down from
experts to local users

Innovations come from formal
R&D by technical experts

Low-risk innovations with
relatively high advantage

Projects that are of low priority
to local organizations

Technology-push, emphasizing
needs created by the availability
of the innovation

Low degree of local adaptation
and reinvention

Decentralized Diffusion Systems

Local control by community
officials/leaders

Peer diffusion through horizontal
networks

Innovations come from local
experimentation by non-experts

High-risk innovations with
relatively low advantage

Projects that are of high
priority to local organizations

Technology-pull, created by
locally perceived needs and
site-specific problems

High degree of local adaptation
and reinvention
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DIFFUSION NETWORKS

One of the key elements in the decentralized diffusion systems is
that of communication networks, defined as the interconnected indivi
duals who are linked by patterned flows of information. It has long been
recognized that interpersonal communication channels from peers are most
important in persuading individuals to adopt new ideas.

Most individuals do not actively seek technical information from the
most competent sources. Instead, they tend to seek information about
technological innovations from sources that are local, easily accessible.
and interpersonal (usually from neighbors).

The diffusion, or the lack of diffusion, of renewable energy tech
nologies is influenced to a greater or lesser extent by the following
groups or individuals within a country:

Policymakers, Planners, Politicians. Central government author
ities play an important role in disseminating technologies. In many
countries they are the key to approval of a technology initiative or to
its funding. Often, however, renewable energy technologies as an entire
category may not be perceived at this level as a serious alternative to
conventional energy technologies. In other cases a critical decision may
be taken to promote certain technologies as a matter of national priority
--fuel alcohol in Brazil, for example.

Industrial Entrepreneurs. Industrial entrepreneurs may influence
diffusion by adopting a technology and producing its key elements:
stoves, gasifiers, and stills, for example. Their decisions affect dif
fusion by making essential components available, by influencing public
and commercial perceptions of the technologies, and by supplying capital
for their development. However, in many countries there is no incentive
for entrepreneurs to become involved; there may be no profit opportuni
ties among poor people, or no special role for entrepreneurs where many
can manufacture inexpensive devices.

Provincial Government Officials. There may be a difference in per
ceptions of the value and feasibility of energy technologies between
planners and officials at the national level and those at the provincial
level, particularly concerning regional versus national priorities.

Private and Nongovernment Organizations. These voluntary organiza
tions frequently have a key role to play because of their close contact
with potential recipients and their ability to recognize needs, identify
opportunities, and motivate the recipients.

Local Government Officials. These officials have an important role
in diffusion because they are responsible for conveying national policy
or reporting local needs to the national government. They may include
important personnel such as extension agents and public health officials.
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Village Leaders. Traditional social leaders may also be important
in diffusion as arbiters of consensus for or against innovation. Their
role in organizing community use of the technology or land resources may
be crucial.

Family. In many cases perceptions at the family level will deter
mine the extent to which a given technology will be adopted.

Individuals. There may be different responses to technologies at
the individual, as opposed to the family, level. Wives may have a dif
ferent perception of the need for fuelwood from husbands; wives may wel
come an innovation that leads their husbands to play a larger role in
helping them (running a biogas plant for the house), or may resent an
intrusion into their affairs (building a mud stove).

SOCIETAL CONFLICTS

It may be difficult to identify clear-cut benefits to society from
the introduction of renewable energy technologies; the social costs,
even though not clearly defined, may appear to be heavy.

Neither the costs nor benefits are evenly divided among social
groups; urban groups frequently are favored in their access to goods and
services, and perhaps subsidized at the expense of their rural counter
parts. City dwellers tend to receive more political and commercial
attention than their compatriots in the rural areas who are frequently
regarded as conservative and difficult to organize, motivate, or assist.

The cost of fuel in the cities, where it is almost always distri
buted commercially, has been rising, and city dwellers have been
responding by switching to cheaper fuels hitherto found only in the
country, such as firewood and charcoal. This, in turn, has driven up
the price of wood and charcoal in rural areas and made them more scarce.
Indirectly, greater charcoal use has led to deforestation, erosion, and
the drought-flood cycles that affect increasingly large areas, with
serious consequences for agriculture and rural life in general. Rural
people are forced to flee the land and move to the cities, thereby
increasing the urban demand for energy. Meeting immediate urban energy
needs by increasing electrical capacity, importing coal or oil, or
planting peri-urban fuelwood lots may offer better short-term returns,
politically and economically, than equivalent investment in the rural
areas.

National political goals are often at odds with local interests.
National defense and industrialization priorities frequently divert
government resources from rural development. Conversely, where a clear
perception of the importance of self-sufficiency in fuel and decentrali
zation of industry does exist, it may lead to local advantage at the
expense of the cities.
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The interest in alcohol fuels in many countries has led to recogni
tion of the "food versus fuel" dilemma, in which scarce food grain
resources may be diverted to produce fuel alcohol or good agricultural
land is given over to sugarcane or other fuel feedstock. Yet rural
development depends, ultimately, on providing energy for agriculture and
for increasing the flow of goods and services that will stem the urban
drift of rural populations (National Academy of Sciences, 1981). The
challenge is to find ways to turn energy needs into opportunities for
rural areas that can increase the market value of their products, their
self-sufficiency, and the stability of their production system.

Development objectives may influence the context for diffusion of
renewable energy technologies directly, through such policies as reducing
oil imports or encouraging rural electrification in support of increased
agricultural production. Other development goals may influence the cli
mate for diffusion of these technologies in subtler ways.
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2 ENERGY AND DEVELOPMENT

Effective diffusion of biomass energy technologies is vital to
achieving economic growth and providing sustained food production in
developing countries. The energy crisis in many developing nations is
twofold, encompassing both the need to reduce oil imports for the urban
and industrial sectors and to sustain--or enhance--agricultural produc
tion and the rural econa.y. The crisis threatens the traditional
subsistence technologies and jeopardizes the fledgling industrial
capacity. It is, however, a complex ecological, developmental, and
international phena.enon of which oil prices and supply are only one
facet. In some countries it has had abrupt and devastating con
sequences, while in others its effects are long-range and more subtle.

The problem of energy places the provision of food and other basic
needs at risk not only because of insufficient fertilizer or mechaniza
tion, but also because of environmental degradation and deforestation
caused by expanding agricultural lands and the unrelenting harvest of
firewood. Possibilities of growth through econoaic diversification are
blocked, and the natural resource base is imperiled almost everywhere.

In the traditional sector of most developing countries, the
diminishing supply of firewood is the most immediate cause of this
growing shortage of energy. The process has become tragically circular.
Briscoe's figures on the Bangladeshi village of Ulipur are illustrative.
"In the last century," he writes, "the numbers of inhabitants have
increased by 350 percent, while production of food grains and fuel
resources has remained essentially the same. Since cooking technology
is unaltered, fuel requirements have risen with the size of the popula
tion" (Briscoe, 1979). As population growth in Ulipur, and nearly
everywhere else in developing countries, outdistances increases in the
productivity of traditional technologies, food can be grown in greater
quantity only by shortening periods of fallow or by clearing forested
land. Removal of this vegetational cover further degrades the land--by
the drought-flood-erosion cycle in the drier regions and through
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leaching of topsoil nutrients. flooding. and siltatioB in more humid
tropical areas. As forest and bush are cleared for farming or depleted
by overgrazing. the fuelwood search extends ever further. endangering
the already marginal livelihood of the rural majority.

In the urban sector the energy problem is different. but equally
critical in its impact. Increasing amounts of Bcarce foreign exchange
must be allocated to importing petroleum fuels to keep the industrial
base in operation and to meet the growing domestic energy needs--for
cooking. heating. lighting. and transport--of an expanding population.

For urban and rural poor alike. economic growth is blocked by the
energy crisis. The potential of social unrest is increased. and for
many. survival itself is threatened.

Most developing countries have few fossil fuel resources. and for
most the prospects of discovering any are limited. An alternative
often advocated. but not seriously heeded. is reorganization of the
world system of energy resource distribution in which a greater share
of petroleum fuel resources would be reallocated. or at least sold more
cheaply. to needy nations. out of some so-far-undiscernible sense of
global fraternity. Such a radical transformation in the international
system of conventional fuels distribution (or any other resource) seems
unlikely.

Stable. productive land-use systems for meeting food and £Uel needs
have evolved in some areas over many hundreds of years. (Indonesia)
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There is, however, an alternative that _rrants serious attention.
It is to develop technologies for generating and using bio.-s_based
sources of rene_ble energy. Jelianee on these energy sources is, of
course, as old as fire. What is new is the _y such energy is gener
ated and harnessed to _et h_n needs. Properly designed, successfully
diffused--adopted, adapted, and apreacl--bio.as_based energy technolo
gies ha'ft the potential for reducing dependency on fossil fuelsi for
.ore efficient, ecoooaically and eDViroa.entally less costly _ans of
cooking and heatingi for providing urban dwellers with cheaper energy
sourcesi for powering the ...ll-scale industries essential for reducing
urban un_ployaenti and for reneving the sources of bio.ass on which
all these technologies depend.

Bio.-ss energy technologies use resources that, although not evenly
distributed, are available in ItOst countries. Host are also nonpollut
ing. Relatively little foreign exchange is needed to acquire theai
generally they can be replenished vi thout _jor reliance on ei ther
external financial or _terial support. Melchor sees in the proaotion
of bia-as_based energy technologies the potential for reducing iocOile
disparities that are a _jor source of tension in _ny developing coun
tries. '"The most iaportant proaise of this newfound use of bia-ass
resource is that its very ubiquity favors social, political, and eco
ooaic patterns that viII encourage self_ustainlng syst_s that carry
the potential for proltOtlng equity and the reordering of the rural-urban
balance- (Melchor, 1981).

Such technologies viII not only respond to developing countries'
short-tera energy require.ents, but by fostering bia-ass production
will also slow the devastating rate of deforestation and soil erosion
tbat threatens long-tera ecoooaic growth. Credits that now go for
iaporting costly con'ftntional fuels can be redirected to investing in
develo~t and restoring the ecological balance.

But few of the bia.ass energy technologies have been diffused on
any scale aaong the developing country populations ItOst in need. This
is due not so much to the liaitations of the technologies theaselves as
to a failure to adapt thea to the variety of econoaic and sociocultural
settings into which they aust be introduced.

Briscoe, J. 1979. The Political EcoDOay of Energy Use 10 Rural
Bangladeah. Enviro_ntal Syst_s Progr.., Harvard University,
CaJabridge, Mas_chusetts,USA.



3 NEEDS OF THE POOR

The immediate beneficiariea of biomass energy technologies should
be the poor, both rural and urban, in developing countries. Their
energy needs give this study its focus, not because biomass-based tech
nologies can entirely resolve their nations' difficulties with escalat
ing petroleum prices, but because of the immediacy of their energy
needs. Their overwhelming reliance on biomass for fuel--principally on
firewood, crop residues, and dung--gives the diffusion of improved
biomass-based technologies critical implications for alleviation of
their energy problems.

Most rural people rely principally on human and animal muscle power
in their work as subsistence farmers, herdsmen, fishermen, cash crop
ping smallholders, and plantation laborers. Clearing and plowing the
land; planting, cultivating, and harvesting; and threshing, pounding,
grinding, and storing are all done largely by hand, with some help from
draft animals and a few simple tools. Most crops are transported from
field to household and to the local market on foot or animals. Fire
wood, used mainly for cooking, is the principal fuel.

As food consumption outstrips the productive capacity of such
traditional, low-energy farming systems, lands are lost through over
cultivation, overgrazing, erosion, and soil exhaustion. Clearing
forests for cultivation and to meet the growing urban and industrial
demand for fuelwood can destabilize the natural resource base and lead
to diminished agricultural productivity, intensified fuelwood short
ages, and an increased need to purchase food and fuel. Consequently, a
growing portion of the already reduced productive capacity of the rural
poor is redirected to market sale. In many areas a single cash crop-
coffee or sugarcane, sisal, tobacco, or pyrethrum--monopolizes the best
remaining land and the preponderance of the labor force. When the
rural population's requirements for food and fuel must be met by cash
purchase, the money that farmers earn through sale of their property,
produce, or labor often is inadequate. As their farmlands are degraded
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through overworking and erosion, or are lost altogether to meet the
need for cash, their economic position progressively worsens. As
herdsmen raise more livestock for market, their herds overgraze avail
able pasturelands and they, too, grow steadily poorer.

Those who do not remain in rural areas to cultivate their over
worked farmland, or who do not migrate elsewhere in the countryside in
search of farm work or forested lands to clear, move in growing numbers
to the towns and cities, ususlly to begin a frustrating search for
alternative means of making a living. 10 the towns there generally is
little industry to absorb this unskilled influx of job seekers. Urban
unemployment and underemployment are rising. Even those who find work
are frequently unable to earn enough for their material needs or for
social services like education and health care. Morehouse and
Sigurdson's (1977) pessimistic projection on employment in India typi
fies the situstion in many developing countries. From 1961 to 1971 the
number of landless agricultural workers in India, for whom these condi
tions are particularly acute, increased to 90 percent.

To maintain the urban poor and to contain political unrest, the
governments of many developing countries, with support from assistance
agencies, endeavor to hold down prices for farm commodities and fuel.
This further discourages rural producers, who then join the flight to
the towns, making the problems of food and fuel supply still worse.

Those whose growing energy needs might better be met through
biomass energy technologies also include the small-scale entrepreneurs
--food processors, artisans, manufacturers of household goods, machioe
parts, and export commodities--who often share some aspects of the mar
ginality of life amoog the urban and rural poor. Their needs are
similar, and their role is critical, for generally they have more
capital. Less constrained, they are often the innovators. And it is
their sector of the economy that frequently allows for that expansion
and diversification of production essential to reducing unemployment
and achieving economic growth. For those in the monetarized sector of
the economy, the diffusion process is less complex, since it is pri
marily controlled by economic factors; for those in the subsistence
sector, it is more complex, since it is dependent on nonmonetary social
and cultural factors.

STABILITY AND IMBALANCE

Most rural people make their living by labor-intensive farming.
In times of stress, gathering wild plants, fruits, leaves, nuts, ber
ries, and roots, and hunting animals are important ancillary activities.
Plants are also often a source of materials for artisans and builders
or for herders' shelters; for instance, palm leaves for thatching roofs,
banana fibers for making rope or twine, exudate chicle for chewing gum,
copals and dammars for varnish, bark for cloth and canoes, seeds for
food or oil, and roots or bark for pharmaceutical needs. In India,
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literally millions of people are employed for part of the year in forest
gathering. When cover is cleared for new farmland or for fuelwood, the
supplies are endangered.

In Bihar in central India, hundreds of arrests and many deatha have
resulted from a "tree war." The controversy began in 1977 when the
Bihar Forest Development Corporation started to replace the natural sal
foresta with teak. The peoples of Bihar use the sal for construction,
eat its fruits, and sell the seed oil for industrial uses. The sal tree
is also used in religious ceremonies. Teak has value only as commercial
timber. In late 1980, a gathering to protest further encroachment was
fired on and thirteen men were killed. An uneasy truce exists, in which
teak planting has been halted for the time being.

In some areas, especially in Africa and the Middle East, subsis
tence cultivators live in a sometimes contentious but symbiotic
relationship with neighboring herdsmen. As herds are increased in
response to market incentives, the pressure on available pastureland
growa. Competition with farmers over migration routes and access to
pastureland increases at the same time that bonds of reciprocity, often
baaed on the exchange of food grains for pasturage rights and dairy
products, break down. As livestock trample or graze off available
vegetation, farmlands continue to spread, and land is set aside for game
parks, herders are forced to constrict or redirect their traditional and
ecologically balanced nomadic patterns; the vegetational cover is fur
ther diminished; the fuelwood shortage is intensified; and the process
of ecological devastation speeded (National Academy of Sciences, 1981).

Fishermen frequently share a parallel problem as the encroachment
of farmlands diminishes the forest cover on which they rely for cooking
and heating fuel, boat building materials, and food. Mangrove swamps,
essential for fish breeding and shore protection, are harvested for
charcoal.

The food-producing and food-gathering techniques of rural people
in most developing countries and their access to markets have kept their
populations at subsistence level. Food surpluses are characteristically
small or may be bought by state purchasing agencies at low prices to
support urban demand. The population is engaged much of the time in
the quest for food. Except where intensive irrigated agriculture or
commercial crop plantations are possible, opportunities to acquire
wealth are limited. Generally, there has been neither the surplus
wealth nor the time for such traditional societies to develop the
inatitutional complexity often equated with modernity and progress.

Yet there is evidence that traditional patterns of subsistence,
before they were thrown off balance during the colonial and postcolonial
periods, were more in harmony with the natural resource base than are
the modernizing societies that have succeeded them. Farmlands were left
fallow longer, to regenerate naturally. In areas of permanent agricul
ture, trees were an integral part of home gardens or compound farms.
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Herdnen'. pattern. of aigration were more wide ranging and Ie•• eco
logically de.tructive. Fi.hermen frequently lived in a more .table
relation.hip with neighboring farmer. with whom they traded. The sitn
ation among the rural poor i. one in which an equilibri~ ba.ed on
centurie.-old, delicately calibrated pattern. of land u.e baa been badly
di.rupted. The firewood .hortage in rural area. and the high co.t of
conventional fuel. in urban center. i ••ymptomatic of a population
growing dangerou.ly out of balance with it. environment.

By proaoting increa.ed bioma•• production and greater reliance on
more efficient biomas.-ba.ed energy technologie. at all level., this
ecological di.equ1libri~ could be brought under control or rever.ed.
With half the world'. population dependent on bio.... fuel., the need
for thi. i. urgent.

TECHNOLOGY IN CONTEXT

Successful diffu.ion of bio.... energy technologies in developing
countries depends upon understanding how the poor are accu.toaed to
organizing their productive activitie., regulating their .ocial rela
tionships, keeping order, and maintaining the normative belief. that are
essential to social stability everywhere. It is into this .ociocultural
context that new bioma.s energy technologies mu.t be introduced. If

Population pressure, overgrazing, and tree harvesting for charcoal lead
to deva.tating erosion and desertification. (Senegal River Valley,
Mauritania)
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they do not fit, they will not be diffused, regardless of their
technological promise.

Many of the rural poor meet most of their needs, including their
need for fuel, outside the money economy. Often patterns of exchange
operate within the context of the kin group, through associations, or
through other community structures to allocate rights to land and tools,
to organize work, and to structure the distribution of the products of
work.

However, money and markets are becoming more important. Cash is
required to meet a growing number of subsistence needs, including fuel.
For people accustomed to having most of their material wants satisfied
through cooperative work with their kinsmen and neighbors, who do not
customarily trade their labor for cash and who would never think of
selling their lands, this new requirement for money is frequently hard
to meet. For unskilled migrants from rural areas where fuelwood is
still free, the need to purchase fuel for cooking and heating is often
an unexpectedly harsh requirement. Nevertheless, the commercialization
of energy eases the diffusion of technology to solve supply problems.

Many productive relationships among rural people in developing
countries are still structured by kinship. The introduction of innova
tions designed to utilize biomass energy more effectively must take this
into account. Rights and obligations derived from position in the
family remain a major organizing principle in the life of the individual
and community. Ties of kinship based on marriage or descent are often
crosscut by associational links--membership in age grades, voluntary
associations, and mutual aid societies--which lend added strength to the
fabric of traditional society and determine the organization of most
econo.Ic activities. Among the poor in urbanizing areas, such associa
tional ties often serve as a valued alternative to familial relation
ships that are hard to sustain in an urban setting.

Still other factors affect the structure of the economic order.
Age and gender play a major part in determining both the division of
labor and the right to make economic decisions. In stratified social
systems, class or caste position usually determines the worker's prerog
ative to control the products of his work and his place in the overall
system by which economic rights are determined and benefits distributed.

The political organization generally derives its structure from the
kinship-based social system that must be understood if community
decision makers are to be effectively mobilized. This is particularly
characteristic of Africa and Asia, though rural communities are
increasingly being absorbed into national bureaucratic structures.
Typically, village elders and other community leaders are selected from
among the eldest responsible male members of the community's leading
f&.Ilies. The poor in most countries play only a peripheral role in
politics and are frequently excluded almost entirely from participating
in those decisions--including decisions on technology and on the
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definition of their own economic best interest--that most affect the
work they do and how it is rewarded.

The system of relationships that characterizes this sociocultural
setting is invariably sanctioned by the prevailing system of beliefs and
practices that defines right and wrong. states social noraa. and gener
ally justifies the existing order. usually on the basis of religion.
Natural events often are perceived as the manifestation of religious or
magical forces. sometimes leading to a fatalism that may lessen enthus
iasm for innovations that promise to correct problems seen as beyond
human control. This belief in supernaturally based systems of cause
and effect can critically influence the outcome of energy interventions
that fail to take these perspectives into account.

In most developing nations. these traditional societal structures
are overlaid by new governmental institutions. which vary in the partic
ulars of their form but are almost universally marked by weakness and
instability. Generally these institutions lack both the sustained
financial and human resources. especially the managerial and technical
labor power. necessary to plan and maintain complex. capital-intensive.
long-term development programs. Too much time and effort is necessarily
absorbed in simply keeping up with current operations and forestalling
economic and political collapse. Inefficiency and corruption lead to
lack of inputs and marketing failures. Reliance on external economic
support is almost invariable.

National administrations are generally dominated by males drawn
largely from the elite. Politically. their powers are often democratic
in principle. but authoritarian in practice. Outside major population
centers. they frequently lack the personnel and material support neces
sary to maintain even routine administrative control. Their capacity
to supervise and support development projects is generally even more
limited. Because of this institutional weakness. assessment of national
resources. including critical energy resources. is often very difficult.
The situation is paradoxical. For. as Dickinson candidly puts it.
"Developing countries. even though they are poorer than we [the devel
oped countries] and cannot support our institutions. want to obtain for
themselves the apparent result of our institutions" (Dickinson, 1977).

Sensitivity to efforts to export "appropriate" (perceived as
second-rate) technologies can be keen. It is important to ensure a more
accurate view of the problem. For, as Singer writes. "critics of the
concept (of appropriate technology) sometimes argue that it in effect
establishes two different standards and will therefore create and per
petuate a technological gap. This is a misconception. The gap exists
in the fact that some countries are poor while other countries are rich.
The task is to reduce or eliminate this ~-the economic~. Dif
ferent technologies will serve to reduce the economic gap and hence,
ultimately, to eliminate the need for different technologies•••• If
we misdefine the problem by declaring that the gap is a technological
gap and then try (disregarding the economic gap) to apply exactly the
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same technology to the two groups of countries. the real economic gap
will widen further instead of narrowing" (Singer. 1977).

THE ISSUE OF EQUITY

The rural and urban poor in developing countries do not have equal
access to their societies' available fuel resources. However. in rural
areas where society is less stratified and the majority of people are
engaged in subsistence farming. inequality of access to cooking fuels
is les8 marked. Where fuelwood is abundant, most members of a rural
community have more or less equal access to it. Most fuelwood is
gathered in the course of other activities, going to and from the
fields. to the well. to gather wild foods, or returning from market.
However. where severe shortages occur, members of a family may have to
travel long distances to gather wood, to the exclusion of their other
activities. Each household collects wood for its own needs. Gathering
fuelwood for sale is a relatively new activity. except on the outskirts
of urban areas. The value of fuel is often not calculated in monetary
teras. Disparities in distribution may go unperceived.

New fuelwood projects imply changes in land use and. often,
controlled access. Plantations to supply urban fuel can compete with
supplies from the landless poor and jeopardize their livelihood.

The degree of communal equity should not be overstated. Among many
farming peoples. some herdsmen and fishermen, and especially among craft
specialists. there may be considerable social stratification. even in
small communities. For example, in India and Sri Lanka, and, to a
lesser extent. in Indonesia. both personal position and family status
in a caste-ranked system are important determinants of access to pro
ductive goods. including land and tools; the right to engage in certain
economic activities; and the prerogative to share in the benefits of
many economic endeavors.

In nearly all developing countries, even in those that are other
wise not highly stratified, women generally are assigned tasks by their
male kinsmen or are otherwise constrained in their activities. Often
they have no control over either their own labor or its product. The
same is frequently true for members of socially inferior classes,
castes. and ethnic groups. The result is that those who will be most
affected by an energy innovation--a Guatemalan wife "given" an improved
wood-burning stove by her husband. for example. or an Indian
"untouchable" charged with collecting dung for a biodigester--may be
excluded from the decision to undertake such innovations. This exclu
sion may be reflected in the way the individuals accept the changes
these innovations require.

In the urban sector as well, the poor do not have equal access to
economic benefits. Consequently. special measures may sometimes be
necessary to ensure that the poor are given the opportunity to
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participate in planning and imple.enting bio.... energy technologies
intended for their benefit--technologie. that can only succeed if their
re.i.tance i. overcoae.

In .ome countries whole .ector. of the population, ..mbers of
differing ethnic or tribal group., may be excluded from participating
equally in development programs of political regimes that are either
indifferent or ho.tile to their intere.t.. Region••uch a. the senegal
River Valley in Mauritania, We.t Irian, the Brazilian Northeast, and
the territories of tribal or -national- minorities in India and China
may fit this category. Such population. are often among the poorest in
their nation, and their energy need. are frequently mo.t .evere and
least likely to be met.

It i. to be expected that bioma••-based energy interventions, like
other technological innovation., will prove to be neither egalitarian
in their impact nor socially neutral. Writing on the relationship of
India'. modernization efforts to poverty alleviation, Jequier observes
that -technology in general, and large scale modern technology in par
ticular • • • tend. to accentuate the .ocial and economic differences
between the .mall minority which can profit--or benefit--from it as
con.umer. or producer. and the va.t majority of the population living
at subsistence levels in the rural area.- (Jequier, 1976). Equity does
not proceed automatically from either technological or economic growth
or development. Rather, it appears to be the product of particular sets
of institutional arrangement ••

THE NEED FOR BIOMASS ENERGY

The need for cooking fuel is critical. Means for meeting this need
include agrofore.try or firewood plantation., improved wood-burning
stoves, more energy-efficient techniques of food preparation, and more
efficient charcoal production and use. In .ome circum.tances, biogas
and alcohol fuel production may also be u.ed to meet rural fuel needs.

Where the potential exists for increa.ing food production through
more extensive use of mechanized farm implements and irrigation, energy
is also needed for pumping wateri for food proce••ing--milling, grind
ing, and winnowingi and for transport.

Herd.men and fishermen also often face fuel shortage.. In arid
regions the watering of herds would be easier if mechanical rather than
human energy were available to power the pumps (though overgrazing
around wellhead. i. a potential consequence unless watering is carefully
managed). Fi.hermen could increase their catch if a Ie•• expensive
source of fuel were available for motor-driven boats.

For all tho.e in rural areas, a less expensive .ource of energy is
needed for domestic lighting. Energy to ensure a potable water .upp1y
is a serious limitation nearly everywhere.
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The energy requirements of the urban poor are sim1lari fuel for
cooking, bathing, and heating, for cooling and refrigeration, for
lighting, and for small-scale industrial enterprises must all be
acquired through cash purchase, often with meager cash reserves. For
small entrepreneurs, energy is needed for the industrialization neces
sary to diversify the economy, increase productivity, and create
employment. For governments of developing nations the spiraling cost
of conventional energy is felt most acutely, because it affects
industry, the essential transport and communication systems, and such
government-sponsored services as health care and education.
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4 RENEWABLE ENERGY TECHNOLOGIES

Biogas. alcohol. and thermal gasification technologies can provide
the energy to farmers for machinery used in producing and processing
agricultural commodities; to local entrepreneurs for energy to power
small-scale industries; and to households and local communities for
cooking. heating. and lighting.

These technologies are dependent on the production and efficient
use of biomass. In view of the importance of increasing the availabil
ity and ensuring the renewal of sources of biomass for energy purposes.
biomass generation is treated in this report as a separate technology
with distinctive diffusion characteristics.

Other renewable energy technologies have been excluded from
consideration here because of the greater relevance of biomass energy
technology to increasing agricultural productivity and the more immedi
ate dependence of the poor in the developing world on biomass as an
energy source. It is assumed that whatever is learned about the dif
fusion of biomass-based renewable energy technologies may also be
applicable to dissemination of other renewable energy technologies.

BIOMASS GENERATION

Biomass. which is organic material usually of plant origin. is
generated as a feedstock for transformation into usable energy. either
deliberately and wholly for energy purposes or as a by-product of
forestry or agricultural production. It includes the following types
of material:

Fuelwood -- Wood grown wholly or mainly for energy purposes. in
plantations or as a component of agroforestry or social forestry
systems. Firewood is any wood used in cooking or heating fires;
fuelwood is wood transformed into other types of fuel. such as
methanol or charcoal.
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Residues or by-products -- The material remaining after the
removal of the forest or agricultural product (the timber or
crop). Sawdust. logging residues. crop stalks. and milling husks
are included in this category. as well as animal wastes.

Crops -- Biomass grown specifically or partially for energy
purposes; sugarcane. cassava. beets. sweet potatoes. and other
starchy crops that can be converted into glucose for fermentation
to alcohol; soybeans. sunflowers. oil palm. etc •• that can provide
vegetable oil substitutes for diesel fuel.

Agroforestry. Social Forestry. and Fuelwood Lots

Agroforestry provides a diversified output of forest and agricul
tural products by combining agricultural crops with trees and livestock
on the same unit of land. It is designed to achieve more efficient use
of sunlight. moisture. and nutrients than is possible through monocul
ture and to maintain or improve soil quality.

Trees are often intensively cultivated in homestead areas and may
be grown elsewhere on agricultural land as windbreaks. boundary markers.
for erosion control. or to provide shade or green mulch. Trees may
also be grown as cash crops.

Social or village forestry involves tree planting on marginal lands
or areas bordering agricultural plots. roadways. homes. or canals.
Fuelwood lots are usually established on larger protected plots set
aside for this use by communities or governments. and employ forestry
rather than agricultural techniques.

While agroforestry is an ancient practice. it is not yet a science.
Research is still needed to determine which trees can be most success
fully grown with which crops. which fast-growing trees are best combined
with slower-growing species. which varieties can best withstand partic
ular climatic conditions. and which can best meet the needs of local
populations. Because of the multiplicity of technical and social vari
ables entailed in agroforestry. it is. perhaps. the most complex of the
biomass-based technologies under consideration. But with its immediate
relevance to the issue of biomass generation. improved quality of life.
and conservation. it is also the most critical and the most promising.

BIOMASS CONVERSION

Biomass is converted to useful energy through cooking stoves.
charcoal kilns. gasifiers. and biogas and alcohol units.
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Cooking Stovea

In many developing countries, the greatest proportion of national
energy is consumed in the fora of firewood or charcoal for cooking (and
to a leaaer extent, heating and lighting) purposea. The efficiency
with which firewood and charcoal is traditionally burned is very low-
perhaps 5-10 percent of the potential energy is actually transferred to
the material being heated. Consequently, much effort has been directed
to deaigning and diffuaing atoves of higher efficiency, thereby reducing
the aaount of fuel required.

The three factora that .aat affect fuel use are moiature content,
completeness of the coabuation, and the efficiency of heat transfer.
Air-dried wood yielda approximately twice aa auch heat (on a weight
basia) aa freahly cut wood. Incoaplete coabuation, poor heat transfer,
and heat waated during heating and cooling are the principal cauaes of
the energy inefficiency aasociated with open firea and the staple stoves
used by the poor in aost developing countriea. Aaong some of these
peoplea, the smoke from open firea is recognized as an eye irritant and
as the cause of respiratory ailmenta. Aaong othera it ia appreciated
as a means of driving away insecta. Aaong nearly all families depen
dent on fuelwood, time spent in the increasingly long search for fuel
wood is a growing burden, especially for women and children.

Improved woodstove design require a a way to provide more efficient
heat transfer to the cooking pots by enclosing the fire and regulating
the air flow. Estimates of efficiency and potential energy savings are
impressive, but usually unsubstantiated in the field.

De Lepeleire et al. (1981) have issued a compendium of stove
designs. Over 100 models are described--many traditional and some
experimental. From simple, shielded variations of three-stone fires to
complex multicavity, multicontrol, monolithic unita, these stoves
represent a broad spectrum of candidates for improving fuel efficiency.
However, the problem is to make new stoves acceptable by adapting them
to meet the Widely varying circumstances and cultural expectations of
diverse populations. For as Ashworth and Neuendorffer have observed:
"Cooking is one of the most culture-bound human activities. Food prep
aration, serving time and place, food flavor, and cooking participants
often are established by long tradition and, therefore, are resistant
to change. Social and religious custoas may dictate all of the char
acteristics of the energy demand and may eliminate certain technology
options even if energy output is • • • good. • • " (Ashworth and
Neuendorffer, 1980).

Yet it is equally true that allover the world cooks have quickly
and happily adopted gas, electric, or kerosene stovea, even at consid
erable expense. Historically, there are many examples of significant
changes in diet taking place over short periods--most of the food pro
duced in modern Africa is from nonindigenous crops or animals, and the
taste for wheat-flour bread is ubiquitous. This underscores that the
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difficulty in diffusing "improved" stoves may be due to the lack of
perceived improvement. either in convenience or efficiency.

CHARCOAL PRODUCTION

Because it has a higher heat content and burns with a hotter flame.
charcoal is more energy-efficient than fuelwood (though much of the
energy content of the wood is lost in the conversion process). It emits
more uniform heat and relatively little smoke. weighs less. is more
readily transported. and is easier to store. For these reasons it is
preferred to fuelwood by most urban dwellers. Its production and sale
can be a valuable source of income.

Charcoal is a180 capable of meeting needs that cannot be met with
fuelwood. such as use as a reductant in the iron and steel industry.
And certain types of charcoal products (briquettes. for example) enable
the use of shavings. sawdust. and other residues from forest products.
Organized charcoal production also allows the use of larger residues
(such as branches) from the logging phase of forest industry.

Charcoal is produced from wood by pyrolysis (heating wood at high
temperatures in the absence of oxygen). Because at best only about
one-third of the pyrolyzed wood is obtained as charcoal. the technology
~s most efficient when the by-product gases and liquids can be collected
and used.

In most developing countries. however. wood is converted by the
simple covered pile or pit methods. used only to produce charcoal. The
process is simple but inefficient. Organic liquids and volatile gases.
potentially serviceable as a fuel for combustion engines. are lost.
Metal or brick kilns are more efficient. but also more time consuming
and costly to build. The still more complicated charcoal retorts needed
to collect and recycle gaseous by-products most efficiently are beyond
the financial reach of most small producers (Table 4.1).

Charcoal production is attractive when it can be marketed in areas
of firewood shortage. where fossil fuel prices are rising. where it is
technologically feasible to recover and use by-products. or where
transport costs and storage of more bulky firewood make charcoal more
economical than wood both as a domestic fuel and as an energy source in
small-scale manufacturing.

Gasification

When a stream of air passes through a bed of red-hot burning wood
or charcoal. the oxygen in the air reacts with the carbon in the fire
to form carbon monoxide and carbon dioxide. If conditions are adjusted
suitably. the proportion of carbon monoxide can be made sufficiently
high that the gas can be used as a fuel source in internal combustion



- 40 -

TABLE 4.1 Characteristics of Charcoal-Making Devices

Production Capital Useful Wood ConsUDIp-
(tons per Investaent Life tion (per ton

Type year) ($US, 1976) (years) of charcoal)

Earth pile various none one firing 8-12

Pit kiln various small 1-2 years 7-8

Portable metal
kiln 72 1,000 3 years 5-7

Brick kiln
(Brazil type) 150 800 5 years 5.7

Continuous
retort 20,000 2,000,000 30 years 3.5

Source: Hall, Barnard, and Moss, 1981.

engines or directly as a heat source. Gasification can be applied to
many uses: the "gasifier" can be used to power stationary engines for
irrigation or electricity generation, or can be made coapact and port
able to operate a car, truck, or boat engine. The technology can fill
an important need in supplying fuel for motorized equipment where sup
plies of petroleum fuel are unavailable or too expensive.*

Biogas Generation

The production of biogas (principally methane and carbon dioxide)
through anaerobic feraentation of organic wastes--crop residues and
other plant material and animal and human wastes--provides a aeana of
converting wastes into a useful fuel, while largely retaining their
fertilizer value.

The least complex biogas digesters are siaple enclosed pits or
containers partially filled with water and organic materials. The gas
produced by anaerobic fermentation of the organic matter is collected
and fed through a tube or pipe to the stove. The digested sludge is
periodically withdrawn for use in fields or fish ponds. Larger-scale
units that allow for heating, stirring, and continuous addition of
organic matter are more complex, considerably more expensive, and
require a steady supply of biomass for economic operation.

*See National Research Council. 1983. Producer Gas: Another Fuel for
Motor Transport. National Academy Press, Washington, D.C., USA.
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Producer ga8-powered fi8hing boat. (Philippine8)

Producer ga8-powered truck. (Philippine8)
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In addition to producing fuel. biogas generation treats human.
animal. and other organic wastes so as to reduce their danger to health.
Partially sterilized during fermentation. the residual sludge from the
biogas digester contains fewer human and animal pathogens. Plant
pathogens in crop residues are less likely to be transmitted to the next
year's crop when the digested sludge. having lost little of the nutrient
value of the original waste material. is spread on the fields as ferti
lizer. Through biogas technology. then. a useful fuel is produced.
local sanitation is improved. and the soil nutrients are retained.

Biogas technologies have been most widely diffused in Asia.
especially in India and China. but also in Korea. the Philippines. and
Thailand. They appear to be most readily accepted where fuelwood is in
short supply. where there is an abundance of suitable biomass and water
not required for other uses. and where there is a tradition of handling
and recycling manures as fertilizer. They may also be viewed primarily
as a means of nutrient recycling or waste disposal. rather than primar
ily as sources of fuel. Principal problems with biogas generation
technologies derive from their relative structural complexity and cost.
consequent difficulties with financing and management. and the specific
conditions of substrate C:N ratio. temperature. and pH that they require
for maximum gas output.

They are most successfully employed in large-scale integrated
waste-recycling systems. and their adoption at the individual household
and community level in most parts of the world has been negligible.

Maya Farms in the Philippines is an example of a successful
integrated agroindustrial operation. This 24-hectare complex maintaiDS
15.000 pigs. marketing nearly twice that many annually. Every day.
7.5 tons of manure is converted to 400 cubic meters of biogas. The gas
is used on the farm for powering deep-well pumps. slurry pumps. a feed
mill. and refrigeration units of a packing plant. At night. surplus
gas is used to generate electricity.

The liquid effluent from biogas production is used in fish ponds
to prOVide nutrients for tilapia. Digester sludge is used as an ingre
dient in the pig feed. reducing feeding costs and supplying microbial
protein and other nutrients to the diet.*

Alcohol Production

Alcohol fuel can be produced from a variety of biomass forms
abundant in developing countries. Sugarcane. sweet sorghum. and numer
ous cereals and starches. including cassava. can all be used in the
microbial fermentation process that produces ethanol. Ethanol is a
suitable fuel for lighting and cooking. and it can be used alone to

*See National Research Council. 1981. Food. Fuel. and Fertilizer from
Organic Wastes. National Academy Press. Washington. D.C •• USA.
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Gas produced from urban waste treatment is used to generate
electricity. The nutrient-containing residues are returned to the
fields. (Foshan. China)

power vehicles or mixed with gasoline as an octane booster. The stil
1age wastes that are a by-product of alcohol production can be used for
animal feed or fertilizer. However. the more common practice of dumping
stillage into rivers creates severe pollution problems.

The promise of alcohol fuel production as a renewable energy
technology for developing countries lies in the fact that the biomass
resources it requires are so widespread. But research is still needed
to further reduce the cost of the relatively sophisticated processes
required for converting such materials into usable sources of energy on
a scale equivalent to petroleum fuels. MOst alcohol fuel programs have
focused neither on the role of small farmers as producers nor on meet
~ng the energy needs of the rural poor. To date. alcohol fuel diffusion
has been very limited. Indeed. only in Brazil is fuel alcohol an
appreciable source of energy. However. many countries are now under
taking pilot projects to produce ethanol as a substitute for gasoline.
and a few are examining wood gasification as a route to methanol.
Methanol production is inherently a large-scale. expensive technology.
which is unlikely to supply fuel to the rural or urban poor. Ethanol.
on the other hand. is produced almost everywhere as potable spirits and
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may offer an attractive and economical source of fuel for some develop
ing countries where land is available to grow the substrates. or where
ethanol may be the only alternative fuel to keep equipment running in
remote areas. or where petroleum fuels are prohibitively expensive.*

But this potential remains to be realized.
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5 TECHNICAL FACTORS

In addition to purely technical viability, we are concerned here
with acceptability by the poverty sector of most developing countries.
Of interest are those energy innovations that can arrest environmental
deterioration and increase productive capacity and those that may
decrease the arduousness of hand labor and increase household and
community amenities.

The sociocultural aspects of technology diffusion in the poverty
sector are of particular importance where the adopters of the technology
lie wholly, or mainly, outside the cash economy. Where the poor are
included in the economy, diffusion of biomass energy technologies
depends largely on the cost of fuel they can replace and the potential
for profit the system offers to those diffusing the technology or using
it to supply energy needs. However, most people, particularly in the
rural areas of developing countries, lie outside the economy where
energy and fuel is concerned. For them, adoption of biomass-based
energy technologies is governed by a more complex mixture of factors-
economic, to the extent that the technology places demands that conflict
with disposable income or marketable goods and services, but also, pre
ponderantly sociocultural, in the'context of changing patterns of
behavior and perceptions of need. The technologies can also bring the
adopters into the cash economy, through producing fuel feedstocks or
fuels for market, and they will then view the diffusion process differ
ently.

These cultural considerations are discussed below and in the
following chapter.

FACTORS THAT PROMOTE ACCEPTABILITY

From an analysis of the literature and the results of a number of
project-sponsored site visits, the following six factors appear to
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enhance chances for technical and econoaic acceptability of
bi~ss-based renewable energy innovations in developing countries:

1. Structural si.plicity and acale

2. Use of faailiar materials

3. Eaployaent of familiar techniques

4. Functional discreteness

5. Integration with existing technology

6. Ability to meet locally perceived technical and/or
econoaic needs within a locally acceptable time

This list has several characteristics i.portant to its use as a
framework for assessing the likely acceptance of innovation:

• The characteristics relate particularly to innovation at the
level of the poor individual or co..unity.

• The importance of the six basic factors varies according to
situation or location. particularly with respect to knowledge
or skill levels and in relation to current perceptions.

• Interactions among the six factors. or their .ix in a given
setting. may be more significant than anyone or all taken
separately.

• The factors are all dependent on the degree to which local
control. or participation in the selection. of the
technologies is organized.

Structural Si.plicity and Scale

Simplicity facilitates the acquisition and maintenance of tech
nologies and allows for readier diffusion among the poor. This quality
also lessens the risk of dependence on external support for acquisition.
operation. repair. and the replacement of parts. and minimizes the need
for extensive capital investment. People living close to the econoaic
margin are usually averse to any innovation that entails further risk
to their already meager capital. to their often overestimated supply of
available labor. or to their food supply.

Appreciation of economies of scale. a factor attractive to the
large investor. is rarely shared by the rural and urban poor. For thea.
the struggle for daily survival frequently precludes a view of their
economic best interest. Rather. their experience of enterprises
involving extensive. long-term investment is more likely to have taught
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them that whatever benefits are ultimately derived are generally con
tingent upon factors beyond their control.

Similarly. the involvement of the poor in large-scale development
schemes often has been characterized by exclusion from their participa
tion in planning and implementation. As a result. they may lack under
standing of the many economic factors that can affect the success or
determine the failure of such ventures. What they do comprehend is
their own relative powerlessness. that there are costs to them over
looked by outsiders. and that returns may not be commensurate with these
costs. Such perceptions do not foster trust. Consequently. their
response is not likely to be enthusiastic to biomass energy technologies
that require what is perceived either as substantial long-term capital
investment or a considerable reallocation of labor. Small-scale
projects. however. are not generally attractive to planners and inves
tors. for whom the costs of project administration are not proportional
to the scale. and for whom larger projects are more manageable.

For reforestation projects. this suggests that planting efforts
scaled either to the size of the local community or individual families
are more likely to be accepted. The same holds for charcoal production.
The principle as it applies to improved wood-burning stoves is clearly
valid. for they are. by definition. small-scale devices. and the sim
plicity of their design. if low in cost. will enhance their acceptabil
ity. As for the production of alcohol fue18 and biogas. their greater
technological complexity and cost may render them less amenable to rural
acceptance and diffusion. at least among the very poor.

For example. experience in India suggests that the complexity of
even the simplest systems may impose severe cost constraints on the
budgetary resources of developing countries. According to French. the
1979 installation cost of even small family-scale biogas plants in
India was Rs3.000 or about $375. Providing 175 pounds of cow dung
daily and an equal amount of water. plus the additional work involved
in removing an average of 350 pounds of slurry from the tank each day.
assuming no major mechanical breakdowns. would bring annual operating
costs to about RslOO. well beyond the means of the desperately poor.
To run the plant requires use of dung from a minimum of three to four
cows. Since fewer than 5 percent of India's cattle owners have this
many animals. ensuring command of the necessary supply of dung could be
a problem for all but the wealthiest families. If we assess the cost
of this technology as it relates to the poverty of Indian village
communities. in economic terms. "even the structurally simplest biogas
units are di8tinguished chiefly by the efficiency with which they
digest money" (French. 1979).

Use of Familiar Materials

Employing familiar materials wherever possible enhances technolog
ical acceptability by lessening the requirement for learning. There is



- 48 -

economic advantage in using materials with predictable properties. and
they are generally cheaper and more readily accessible. If some
imported materials must be used, "control of them must be available to
the local community" (deWilde, 1977).

Use of local materials in constructing charcoal kilns and select
ing wood for charcoal conversion will also increase acceptance and dif
fusion. If unfamiliar materials must be employed in the more complex
manufacture of biogas digesters, this may lessen their chances of
acceptability, and it is likely their introduction will require greater
external financial support. On the other hand, customary materials may
be used only because it is difficult or expensive to import materials
such as plastic or aluminum.

Employment of Familiar Techniques

If the techniques for designing, manufacturing, and operating
biomass-based energy technologies are familiar or are analogous to cus
tomary methods, the advantage is clear. Reliance on these methods
minimizes the need for special training, the possible added cost of
hiring outsiders, and the need for external supervision. Also, it
reduces the uncomfortable sense of strangeness that is often a deter
rent to acceptance of technological innovations.

For example, reforestation efforts that follow, or only slightly
modify, customary agricultural planting and maintenance techniques will
decrease the loss of seed and seedlings. If familiar construction
techniques can be used in making newly designed stoves, or if local
bricks can be used for efficient charcoal kilns, the finished product
is likely to be more workable, and thus acceptable.

Functional Discreteness

If a renewable energy technology can function independently, its
chances of acceptance are enhanced by avoidance of the cost or problems
of adapting ancillary technologies. Also, its introduction does not
entail disruption of the existing production system. However, in many
situations progress may entail change rather than accommodation to the
status quo.

For example, fuelwood lots probably do not meet this criterion of
discrete function. While woodlots may appear to stand alone, almost
invariably they entail reallocation of available land and labor. Im
proved systems of charcoal production similarly require a reallocation
of productive goods, especially land, and are not more readily accepted.
Stoves also fit this criterion better, especially when they simply
replace an existing cooking and heating technology. Units to produce
biogas and alcohol are structurally discrete, but their operation is
complex and requires the reallocation of land and labor to produce the
needed raw materials.
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Improved 8tove used improperly--fire 8hould be completely encl08ed to
control combustion rate. (Honduras)

Integration with Exi8ting Technology

The economic advantages of an innovation that fits readily into an
existing technological management system are evident. Thi8 integration
minimize8 the capital and/or labor costs of adapting traditional pro
duction patterns to meet the requirements of the renewable energy
innovation, Conver8ely, where a new technology is not integrated with
the existing system, the new technology, its product, and its economic
consequences all require some adjustment.

For example, Ashworth and Neuendorffer cite the effect on food
taste of altered forms of proce8sing. High-speed bioga8-powered food
grinders produce a fine flour that tastes and bakes differently than
coarse flour created by hand with a mortar and pestle. Mechanized
grinding aay have a profound impact on the allocation of work and free
time within a community. Grinding and crushing by hand are labor
intensive and are often performed by women (Ashworth and Neuendorffer,
1980). Mechanization may lead to the transfer of this work to men or
to a professional miller, without the development of any substitute
productive activity for women.

A new technology that alters behavior in a way the people see as
advantageous may also be more easily accepted. In Guatemala, for
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example, women's acceptance of the Lorena atove has been enhanced by the
fact that it allowa for a change in the pattern of food preparation.
Shaller states that women prefer cooking, in a standing position, on an
elevated aurface. Several women even identified this difference from
open-fire cooking as the primary advantage of the stove. The preference
for elevated cooking includea a number of more apecial benefits: the
increased comfort of standing as opposed to sitting or bending by an
open fire; the greater degree of cleanliness afforded by getting pots
and pans off the dirt floor and away from wandering domestic animals;
and the greatly increased safety for small children (Shaller, 1979).
Thus, the outsider must be wary of undue reverence for preservation of
tradition for its own sake.

Fuelwood Iota mayor may not meet the criterion of integration with
the existing technology. If they can be established on unuaed or mar
ginal land, adjustment may be easier. Often, however, their development
is seen as competitive with agriculture or herding. Where collective
management of communal resources (gra~ing, for example) exists, it will
facilitate organi~ation of fuelwood lots. Expanding acreage of multi
purpose crops, such as gum arabic, rubber, or aeaquite, may be easier
with energy needs satisfied as a second rather than primary objective.
If a tradition of charcoal manufacture does not exist, a similar
reallocation of productive goods may be required, particularly of labor,
and some training may be necessary. Stoves can be designed to fit
easily into an existing food-processing technology, so long as they
allow for the preparation of staple foods and permit the use of a
familiar variety of firewood. Becauae it is technologically more com
plex, the conversion of biomass to biogas and alcohol fuels involves
greater capital and labor coata before functional integration with the
existing technology can occur.

Meeting Locally Perceived Needs

The biomass-based renewable energy technology clearly should meet
locally perceived needs. Often this is not the case; and often the
problem is time. Biomass-based technologies are seen as long-range
solutions, since growing biomass or organi~ing its production on any
useful scale is believed to take too long. Hence, the technologies are
often given little attention either by planners or by farmers with a
serious immediate problem.

There must also be demand. The stronger this demand, the greater
the chance of acceptance. No matter how apparent a technological need
may be to the would-be donor, if the intended recipients do not see it
clearly, the task of winning its acceptance may be impossible. People
must perceive the technical efficacy of the innovation, their need for
it, and their ability to afford it. Conversely, it is important that a
new technology does not detract from fulfillment of an alternative
function. Here a major problem is often the local population's strong
interest in technological innovations that will increase their food or
water supply.



- 51 -

If multiple needs are met, as they are by most agroforestry
projects or by production of effluent for fertilizer during biogas
generation, chances of acceptance are further increased.

Moreover, the economic costs entailed in acceptance of a new tech
nology must be perceived by the poor as being clearly offset by economic
benefits. And such benefits must be discerned as accruing not just to
the c01lDDUnity, the nation, or the "developing world," but to the poor
themselves--and soon.

While agroforestry projects may appear to be responsive to a real
need, the investment of land and labor they require does not promise
short-term perceptible benefits. The payoff from improved charcoal
manufacture is likely to be equally apparent and to become available
sooner. Acceptance of improved stoves also depends on a people's con
cerL to reduce labor time and/or the money required to obtain firewood.
Labor and material costs must be offset both by a marked reduction in
fuelwood consumption and a patent saving of labor time or money. There
is little evidence that the former holds, and the noncommercial nature
of most energy consumed mitigates the latter. It is likely to take
still longer for the savings in money and labor time derived from alco
hol or biogas production to become apparent, which may affect acceptance
of these technologies where people are aware of their needs for an
alternative energy source.
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6 CULTURAL AND ECONOMIC ACCEPTABILITY

The traits of a society--its patterns of adaptation to the
environment and its economic organization, social and political
institutions, and beliefs system--will all affect the acceptance and
diffusion of biomass-based energy technologies. The influence of these
variables will have to be assessed in the context of each local culture
into which a technology is to be introduced. However, some generaliza
tions can be proposed about those aspects of society and culture that
play an important role everywhere in determining a biomass energy tech
nology's acceptance or rejection.

The following conditions appear to increase chances for acceptance:

1. Adjustment to the system for allocating productive goods

2. Compatibility with the existing work organization

3. Adaptation to existing patterns of distribution

4. Integration with the social structure

5. Accommodation to authority

6. Harmony with prevailing values and ideology

As with the six main indicators of technical feasibility, judging the
effects of diffusion from anyone of these cultural variables will lead
to oversimplification. The interaction of these factors with each other
is extremely complex.

ADJUSTMENT TO THE SYSTEM FOR ALLOCATION OF PRODUCTIVE GOODS

The acquisition and allocation of land and other forms of capital
can often be critical to the acceptance of a biomass-based innovation.
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The more that efforts at reforestation take into account local land
ownership, gathering rights, and work input (especially by women), or
the existence of communal cooperation, the greater the chances of suc
cess. Plans to promote more efficient fuelwood use through introduction
of improved wood-burning stoves or improved methods of charcoal manu
facture, must also take into account the system for allocating the raw
materials required for such innovations. It is critical to know who
holds the rights to disposal of the crop residues and other wastes from
which biogas is processed or who owns the land on which sugarcane, sugar
beets, and other crops are cultivated for conversion into fuel alcohol.

An understanding of the sources of capital for financing is, of
course, equally critical. French argues that attention to financial
cost is too often ignored because it "may not matter as long as out
siders are footing the bill. However, when renewable energy devices
have to be purchased by individuals or local agencies they are more
likely to be discriminating in spending their money" (French, 1979).

Although by definition the poor control few productive resources,
their relationship to those who do may be pivotal to a renewable energy
technology's chance of acceptance. If, for example, prevailing property
relationships will block the impoverished majority from receiving proj
ect benefits, project-sponsored innovations are unlikely to be accepted
by them.

Attitudes toward risk in allocating productive resources also need
to be taken into account. Again an observation from French is per
tinent: "••• although we often will be unable to design a project
which is 'objectively' risk-free, there are steps we can take to make a
given degree of risk more acceptable. • • • Risk aversion is minimized
where new techniques are closely related to familiar ones, farmers are
expected to contribute labor rather than cash to the project, coopera
tion among farmers is encouraged, and dependence on outsiders is
avoided" (French, 1979). During part of the year, however, labor can
be a scarce commodity in rural areas. Farmers have none to spare for
any project except their own farming.

The rang~ of technologies that meet this criterion of low risk and
high reliability at present is not very wide.

COMPATIBILITY WITH THE EXISTING WORK ORGANIZATION

An understanding of indigenous systems of work organization is
important to the successful diffusion of a new technology. If the local
labor force is to be effectively mobilized to accept and diffuse a
biomass-based technology, it is important to know whether most of the
relevant energy-related tasks are structured within the family, on the
basis of associational ties, gender, age, or ethnic group, or accom
plished through coercion or the payment of wages.



- 54 -

Often there is a contrast in work organization between the rural
and the urban poor. Among .any rural peoples. a significant portion of
labor is scattered and is allocated on the basis of kinship tie8. In
urban area8 the work of poor wage earners is generally more 8pecific and
individuali8tic and i8 characterized by competition rather than cooper
ation. However. weakened fa.ilial link8 are soaetime8 compensated for
by ties to voluntary organizations. autual aid societie8. or to cooper
ative8 or club8. which can often 8erve equally well a8 a ba8i8 for
organizing productive activitie8.

New method8 and pattern8 of work organization that bioma8s energy
intervention8 require can create psychological and 80cial problem8 of
adju8taent. The pace. preci8ion. and di8cipline required by the pro
ceS8e8 of bioga8ification. alcohol fuel production. or efficient
charcoal making may be at considerable variance with the generally more
diffu8e work patterns of noncommercial farming. herding. or fishing.
Or it may be that certain traditional pattern8 of work are more con
ducive to the acceptance of innovation. Schlegel finds. for example.
that work organized along cooperative and con8en8ual line8. with a com
plex division of ta8k8. and well-integrated into an intervillage or
urban system. with economic influence widely 8hared. tends to be cor
related with greater acceptance of renewable energy alternative8
(Schlegel and Tarrant. 1980). The a88umption that rural folk are
usually amenable to cooperative effort8 (or .ore amenable than urban or
pr08perou8 people) is implicit in thi8 interpretation and taken for
granted in many energy project8. But it i8 not nece88arily true. and
specific incentives or other condition8 may be required to elicit
cooperative production.

Where assignment of work or acce88 to productive resource8 is
strongly con8trained by age. gender. ethnic group. or ca8te. the8e
customs must be understood if local acceptance of biomas8 energy tech
nologies is to be won. The relation of these cU8toms to equality of
opportunity is especially pertinent.

In stressing the importance of attention to the role of women in
forestry. if their special needs are to be met. Hoskins points out that
in most developing countrie8 women are more apt to be illiterate. to be
least served by extension services (especially in activities outside
the home). may have the least flexibility in how they use their time.
have the least mobility. and have the least financial re80urces. Very
often planners opening new areas or reordering old ones a88ume that only
men are "farmers" per se. and only they are given the right to take up
land and receive credit or other input8. wherea8 women may have been
independent producers on their own land under the previou8 system.
These facts make it imperative to examine carefully the i88ue8 that
might prevent women's participation:

• specific problems women have in gaining and retaining access
to land or the U8e of tree products;
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• specific time, financial, or other constraints to be overcome
to free women to participate; and

• assurances women have that they will receive benefits they
value from forestry projects (Hoskins, 1979).

While men are often already organized in groups, women rarely are,
and it may be more difficult to mobilize women for training or work
efforts.

Reliance by a government on coercion as a means of organizing
wrorkers--through forced mobilization or politically sanctioned systems
of peonage--is also a potentially significant variable. While coercion
has been abandoned in many developing countries, often the memory
1ingers and government-sponsored or promoted work organizations are
often either weak and ineffectual or unduly authoritarian. As for the
role of nongovernment organizations outside the traditional mold,
although they are frequently more effective, few governments acknow
1edge their potential in helping to solve national energy problems.
Many governments fear that apolitical NGOs will not remain so.

Where most people work for wages, the would-be innovator needs to
know how wages are set and what the work force regards as a fair return
for labor expended.

For the promotion of tree planting, a clear under8tanding of who
benefit8 from the work is critical to development of a locally accept
able plan for distributing, planting, and nurturing young trees, par
ticularly to avoid problema in the seasonal availability of labor. For
charcoal making, this may entail recognition of the traditional organi
zation of production and of the potential such activity often provide8
for new form8 of entrepreneurship. For promoting improved wood-burning
stoves, knowing who works with the materia18 from which such stove8 will
be made and who is responsible for food preparation can be critical.
The conversion of bioma88 into fuel entai18 equal sensitivity to the
10cal divi8ion of labor, especially a8 the handling of waste products
~s frequently the prerogative of a specific group whose subordinate
statu8 may further complicate acceptance of the new technology or
alternatively will involve an unpleasant form of labor, which women,
children, or depressed classes will naturally assume they will be
coerced to do. Even if the resource i8 freely available--for example,
dung or common8 trees--its transformation into a commercial commodity
may be a difficult, complicated process.

~TATION TO EXISTING PATTERNS OF DISTRIBUTION

Allowing for the way consumption good8 are distributed can also be
important. To take fuelwood as an illustration, an FAO report points
out that m08t of the fuelwood u8ed in developing countrie8 i8 not bought
and sold under market conditions. When it is marketed, 8upply and
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d...nd factors 8trongly affect the price. The weight and bulk of fuel
wood 8everely limit the d~8taDCe at which it can be econoaically
aarketed. with harve8ting. transport. and handling con8tituting a _jor
portion of the C08t to the con8u.er. Puelwood or charcoal are pur
Cha8ed aaio1y by people in tOwn8 and village8 that have no acce88 to
forest area8. or by wealthier household8i the price i8 often beyond the
reach of the poor who are !I08t dependent on thi8 80urce of energy (Food
and Agriculture Organization. 1979).

If it i8 contractually agreed that all who work equally in
developing a community woodlot will get a co~rable share of the
resulting product. the poor will be more ready to accept thi8 innova
tion. e8pecially if they have traditionally been excluded from equal
acce88 to the benefit8 of 8uch endeavor8. For charcoal _king. it will
be important to know how the 8ubordinate sector of the population
a88igned to 8uch work i8 custo_rily coapenaated and how prices are set.
Equal acce8s. however. aay mean in practice that it will be exploited
to the benefit of the rich.

Availability of a viable system of tran8port (for example. road8,
depots. and truck8) will affect chance8 for diffusion of !lOst bioma88
energy technologies. especially in remote rural area8. For a technology
8uch a8 improved wood-burning 8tove8. however. the problem of di8tribu
tion i8 a different onei becau8e 8toves often are not portable. aanu
facture mU8t be decentralized if they are to be widely diffused. And
for bioga8 and alcohol fuel8. the iS8ue of acceptability among the poor
often hinge8 on ease of access to the capital for acquiring and
installing the complex units that production of such fuels usually
entails.

To foster diffusion. the system of di8tribution must allow for the
dispo8ition of the product of the biomass energy technology at a C08t
that most people can meet. Becau8e the ca8h investaent required for
importing _ny biomas8 energy innovation8 is far in excess of what the
poor can afford. it is often imperative to utilize local resources and
8kil18 for the design and development of technologies that are more
productive than the traditional ones and yet are within the reach of
farmers and other poverty groups.

INTEGRATION WITH THE SOCIAL STRUCTURE

Compatibility with the exi8ting social structure--family organiza
tion, associations. systems of stratification based on class. caste.
ethnicity. or gender--i8 al80 a factor in winning acceptance and en8ur
ing diffu8ion of bioma8s technologies.

Among most of the rural poor. kinship provide8 one basis for the
structure of activities critical to the organization of community life,
in its economic and political. a8 well as its social. aspect8. The role
of kinship in structuring the household as a productive unit is probably
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most important. Associational bonds, especially those provided by
mutual aid and self-help groups and by secret societies, can play an
important part in ordering social life at the local level. Class or
caste position, ethnic identity, and gender as determinants of
individual status and cODDunity organization are frequently important.

In the Sahel, for example, Ki-Zerbo recognizes the need to modify
energy-inefficient cooking technologies, but points out that change must
proceed with recognition of the relationship between the existing food
processing technology and women's social status. Her description of the
symbolic placement of the three cooking stones typical of most Sahelian
hearths illustrates the affront to women's position that an insensitive
effort to introduce an alternative cooking technology could entail. An
elderly woman, generally the wife's mother or aunt, usually sets up the
three stones in the fireplace. Should the man displace them he shows
that he repudiates his wife (Ki-Zerbo, 1980).

Noronha refers both to Burundi, where continuing bitterness between
ethnic groups is likely to have a major effect on project implementa
tion, and to. India, where ethnic stratification and accompanying tradi
tions of economic specialization also have important implications for
project design. Referring to the "tribal" groups of Gujarat, which
account for 14 percent of that state's population, he writes that
"tribal" groups such as those who live in the main forest areas of the
state not only form the main employment core of the afforestation
works, but also are aware of the different uses of tree species, since
they live largely by what they produce from the forest (Noronha, 1980).

ACCOMMODATION TO AUTHORITY

Understanding the local political system--the organization for
making and enforcing community-wide decisions, settling disputes, and
regulating relations with neighboring peoples--and how it relates to the
system for installing and maintaining a biomass-based renewable energy
technology will enhance the chances of adoption. For only when local
decision-making processes are understood, and those with true authority
are identified, can effective plans be made to ensure popular local
participation and acceptance.

The relationship between the local political order and representa
tives of the national government must also be understood if government
officials are to serve as intermediaries between external donors and the
local population. The administrative task is complex. Even after the
biomass energy intervention has been selected and acquired, it must be
properly "packaged," combined with extension services, information and
communication services, credit, and the necessary technical components.
The complexity of these adminstrative tasks is compounded by the fact
that they are themselves "imported"; they must be adapted to local con
ditions by overburdened, frequently underpaid, and often undersupported
administrators whose own managerial training, obtained abroad, may be
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as "inappropriate" as the new energy interventions they are charged to
implement (Singer, 1977).

Writing about Upper Volta, Winterbottoa describes a proble. of
faulty administration that is a recurrent cause of project failure:
extension workers' reluctance to discuss the rationale behind their
program with local farmers. Rather, those responsible for local-level
implementation of the government's reforestation progra. tried to
achieve innovation without explanation: "A Nee.-Cassia-Eucalyptus
package • • • was presented to them as an unalterable wholly
satisfactory technology • • • • An elitist attitude • • • led to the
inference that communication need be only one way • • • • The general
lack of local participation in decisions at the outset • • • contributed
to the eventual abandonment of the project" (Winterbottom, 1979).

For agroforestry projects to succeed, the authority structure that
backs up the traditional land-tenure system must be understood as well.
For charcoal production, the role of political leadership in setting
prices and regulating distribution can be critical. For disseminating
stoves, the supportive role of government-sponsored extension workers
may be essential. The political implications of biomass conversion,
which often entails dependence on credit, government subsidies, and
community mobilization, also must be understood. In China, close
integration between the energy objectives of the national government
and the local communes appears to have been critical to the diffusion
of biogas generators. The remarkable spread of this technology in the
People's Republic of China can be attributed to four government
supported rules:

1. the three-in-one principle in which the latrine, the pigsty,
and the biogas digester are constructed as an integrated unit,
enabling an ordinary family to have a biogas unit;

2. the use of local materials that suit local conditions,
enabling considerable cost savings;

3. full support from the commune, the production brigade, and the
production team, providing the important element of mass
participation; and

4. a simple digester design and construction techniques that
allowed the unit to be operated using traditional skills.

But China is exceptional. In many developing countries the
infrastructure needed to implement such a system is lacking.

Even in the most noncentralized processes of diffusion, where
reliance on local initiative may be of major importance, the central
government still has a role to play if diffusion is to succeed. It is
the government that should set an agenda of problems, identify a local
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Many single-purpose digesters have been abandoned. (Guatemala)

model, and promote diffusion of the model's innovations. But even this
minimal leadership role may be difficult for the governments of many
developing countries to fulfill. Even if central governments were able
to assume a more significant role in the promotion of biomass energy
technologies, it does not follow automatically that the energy problems
of those most in need would be alleviated.

HARMONY WITH PREVAILING VALUES AND IDEOLOGY

Ideology, often but not invariably in the form of religion, plays
a key role in the lives of most of the world's poor. It frequently
sanctions the existing economic and social systems and provides
legitimacy to the political order. Local religious leaders can often
use their authority effectively to foster, or block, the acceptance and
diffusion of new technologies. And it is from people's beliefs that
their moral values are derived, including those that may encourage or
inhibit the acceptance of change. Technologies that do not pose a
threat to existing ideology, to basic moral values, or to the status of
religious leaders, generally have the best chance of acceptance.
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7 DIFFUSION OF THE TECHNOLOGIES

Both the literature and recent reports from the field demonstrate
the relevance of the variables discussed in the preceding chapters to
diffusion of biomass energy technologies in developing countries. This
chapter is a discussion of these variables as they relate to each of the
technologies included in the report.

FORESTRY

Structural Simplicity and Scale

Forestry efforts that are small enough to avoid extensive reliance
on outside support appear to be most successful. Forestry projects
should be calibrated to the ecological, economic, and cultural varia
tions from region to region. Most developing countries lsck the
government infrsstructure and the funding essential to centrally
administer large. widely dispersed forestry projects. Where a sense of
common development goals has not yet been successfully engendered at the
local level. government-sponsored reforestation programs--especially
those on government-controlled land--appear unlikely to gain the com
mitment of the local population unless extension services are greatly
improved. In Gujarat, for example, a government forestry project's
success relied on "small, manageable and realizable targets." And as
area increased. "so did extension staff, so that the scale of operation
could remain small" (Karamchandani, 1981). Similar results are reported
from Korea where "an incremental or step-by-step approach was used which
put emphasis on results rather than abstract ideals. Realistic village
potentials were stressed in each stage of development" (Gregersen.
1982).

Use of Familiar Materials

The decision to plant locally familiar species will generally
prove to be both ecologically and culturally sound. Because the local
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population is faa1liar with the growing habits of indigenous trees and
the economic value of their products, less external supervision is
required for introducing projects to cultivate them for bioaass. There
is also less risk than with newly introduced varieties. which ..y prove
to be unexpectedly invasive. to produce smoke that is found to be
odorous, toxic. or irritating. or to have other serious drawbacks. Part
of the success of the Korean program is attributed to the exclusive use
of species that were well known to, and valued by, the rural population
(Gregersen. 1982).

On the other hand, it should not be assuaed that people are
unwilling to try new species. Africa has ..ny examples of successful
introduction of exotic trees (eucalyptus in Ethiopia, cocoa by the Ga
and Aksn in Ghana. coffee by the Chagga in Tanzania) and of vegetables,
where rapid growth or soae other clear benefit has been perceived.

Employment of Faa1liar Techniques

Because of the environmental variability, cultural heterogeneity,
and the weak infrastructures characteristic of government institutions
in most developing countries. familiar techniques seem clearly to be
preferred in planning and implementing tree-planting projects. Local
agricultural techniques should be followed wherever possible. Extens~on

efforts should build on the local population's existing appreciation of
the value of local materials as a source of food. fuel, and construction
and crafts materials. The value of trees in fixing nitrogen in the
soil. for shade and windbreaks. and as sources of food for ani..ls and
humans should all be stressed along with their role in ..intaining
ecological balance.

Functional Discreteness

Tree planting does not meet the diffusion criteria of functional
discreteness. On the contrary. proaotion of forest growth ties in
intricately with nearly every other aspect of the local agricultural
scene. The situation is paradoxical. While trees playa ..jor role in
maintaining the environmental balance essential to the success of agri
culture, their planting is often viewed as competitive with food growing
and traditional herding. Forestry is perceived not only as disruptive
of the existing production system, but as economically less advanta
geous. When the short-term food needs of the rural poor are aeasured
against the hypothetical long-term benefits of reforestation, tree
planting rarely comes out ahead. This bias is usually reflected in the
relative power of those government agencies responsible for agriculture
and forestry. Political leaders rarely give higher priority to tree
planting than to expansion of the food-producing sector. But the dif
ficulty of integrating forestry with agriculture--and with engineering
schemes as well (as when deforestation results in the silting up of daaa
or makes mountain roads impassable)--should be viewed as a constraint,
not as an insurmountable obstacle.
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Integration with Exi8ting Technology

Local perception of the role of fore8t8 in technoenvironmental
adaptation need8 to be a88es8ed and built upon. Conversely, the common
perception that forest cover i8 at variance with increased agricultural
productivity mU8t be countered. Education through competent extension
appear8 to be the be8t 80lution. Forestry needs to be seen not only as
fostering the local economy, but as offering opportunitie8 for its
expansion and diver8ification through the U8e and sale of forest
by-product8 (8uch a8 polewood, fruit, gum8, fodder, and fiber), in
addition to U8e of the wood for fuel. There are a number of ways in
which agriculture and tree planting can be integrated. The8e include
growing fruit tree8; demarcating rice fields with tree8; using bU8h
fallow for 80il regeneration; planting legume tree8 to maintain 80il
fertility and to provide fodder a8 well a8 fuelwood; and using shade
trees to protect individual crop8, 8uch a8 coffee, and a8 8helterbelt8
and windbreak8.

Agroforestry combine8 tree and food crop8
for 8hort- and long-term benefit8.
(Tanzania)
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Where an alroforestry effort is. by its nature. not clearly
integrated with the existing technology. supportive services become more
iaportant. For ex..ple. "if a nuaber of faraers are expected to switch
from existing crops, or even to suppleaent these activities, there are
likely to be constraints on land and/or labor." according to deLucia and
Bhatia. In such instances. "careful planning is essential to ensure
adequate return to subsidize inputs. if necessary. and to provide con
tinuous extension facilities. It will be necessary to convince farmers
that sufficient long-tera importance is beinl liven to the program and
that they would not be at an econoaic loss if they switched from their
existing practices" (deLucia and Bhatia, 1980).

Meeting Local Needs within an Acceptable Period

In .eetinl local needs within an acceptable tiae, the problems with
tree planting are twofold. First. tree planting is likely to be seen
by the local population as less critical than their food supply prob
leas. Second. the benefits are seen as essentially long tera. despite
the need for fuelwood. Aa Rolers notes, "reforestation c..paigns often
fail to reach their objectives because forest depletion is not perceived
as an iaportant local problem in the community. The depletion may have
occurred very gradually, over a period of generations. The forests may
not have been perceived as an iaportant resource. Porest products may
not be perceived by the public as a possible solution to recent energy
shortales and/or to rising energy prices" (Rogers, 1980).

Governments and technical assistance agencies have been reluctant
to allocate substantial resources to forestry or fuelwood projects
because of these perceptions and a skepticism regarding their economic
viability.

Yet recent World Bank studies of their investaents in forestry have
shown that fuelwood projects have a favorable rate of return (Spears.
1980). A selection of information from these projects is shown in
Table 7.1.

Where trees are valued primarily for their shade or fruits. the
issue of deferred rewards may be somewhat less critical. However. the
poor majority are unlikely to be enthusiastic about a progr.. in which
resolution of a pressing food need is contingent upon the successful
outcome of a poorly understood. long-term forestry progr... Further
more, as deLucia and Bhatia observe. "a villager who must walk a
marginally greater distance for firewood often will not perceive the
problea or at least see its significance in the s..e way as a national
planner, who sees the aggregation of deforestation and soil erosion in
national perspective" (deLucia and Bhatia, 1980).

The understandable impatience of the rural poor should be addressed
through agroforestry prolrams that offer side benefits in the shorter
tera: by planting varieties with usable by-products such as fruit or
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fodder that can aeet more immediate needs, through intercropping annual
crops, or by providing interim subsidies as an incentive.

Adjustment to the Systea for
Allocating Productive Goods

Adjusting biomass energy technologies to the prevailing system for
the allocation of productive goods is a problem in nearly all developing
countries. With reforestation, land tenure is a particularly thorny
aspect of this adjustment. Land use often implies ownership; outside
efforts to stimulate reforestation are thwarted by local concern over
loss of rights. In Papua New Guinea, for example, 97 percent of the
land is communally owned. Since a measure of ownership accrues to the
person who cultivates the land, villagers are hesitant to allow the
government to initiate reforestation programs.

TABLE 7.1 Fue1wood Projects Financed by the World Bank (1977-1980)

Approximate
Reforestation Cost per Economic Rate of

Country Area (hectares) Hectare ($) Return (percent)

Burundi 8,500 388 17

India 52,000 884 13

Korea 120,000 250 18

Malawi 28,000 500 14

Mali 3,400 1,900 11

Niger 400 6,000* 11

Philippines 28,000 300 22

Thailand 11,000 227 13

Upper Volta 3,500 2,000 16

*Irrigated

Source: Spears, 1980.
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From experience with agroforestry in India. Noronha points out that
"if community woodlots are to be established. there are three conditions
that should be satisfied: there must be enough agricultural land for
the local community; the panchayat CODaOn should be large enough so that
villagers do not perceive that the reservation of land for forestry will
affect their other needs--particularly need for grazing; and. third. the
area set aside should be large enough for the harvest to meet the needs
of all villagers •••" (Noronha. 1980). Similar concerns have been
reported in Honduras (Forman. 1981).

Difficulties with access to land. labor. and water are aajor con
straints to tree planting in many regions. Where the economic benefits
of forestry efforts are perceived as being largely deferred until the
trees are cut for fuelwood. local populations are often interested only
if they feel certain they will share in the projects' eventual benefits.

While much rural land in developing countries is held collectively
--usually by the kin group that works it--often all rights to land.
especially to land that is not under cultivation. are held residually
by the national government. This can sharply reduce local farmers'
commitment to participation in forestry projects. In Tanzania. for
exsmple. "abolition of freehold land in 1963 and the vesting of land in
the state gives the farmer no ownership and consequently [he] perceives
his holding as temporary and is unconvinced that he will reap the bene
fits of tree crops eight to ten years after planting" (Noronha. 1980).
And legally such lands often can be allocated for reforestation without
the consent of the local population. The policing of forestry projects
is generally undertaken by representatives of the national government.
This may create resentment and fear of government-sponsored reforesta
tion efforts for those rural dwellers who are landless.

Government allocation of parcels of forest land often appears to
work best. but here, especially. the rights of those who work such
forest plots must be made explicit. In Gujarat. for example. family
groups or landless peasants are allocated parcels of forest land. are
paid a monthly remuneration for carrying out all operations from nurs
ery planting to felling. and are guaranteed "a 20 percent share in the
net profits when the plantation is harvested after a period of 15 years"
(Karamchandani. 1981). As part of a rural electrification program in
the Philippines. 10o-hectare plots are leased to farmers' associations
for a 25-year term (renewable for another 25 years). While growing
firewood to be sold to power the generating station, the farmers are
encouraged to intercrop with annual vegetables and fruit trees for a
shorter-term return.

A further problem 1n allocating land for agroforestry is related
to quasi-public areas such as roadsides. canal banks. and railwaysides.
Both the right to allocate such land and the authority to administer
agroforestry efforts upon it are often ill-defined. As a result. these
areas are generally underutilized.
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Compatibility with the Existing Work organization

Given the weak infrastructure of most government institutions at
the rural level and their tendency to be authoritarian in their approach
to the rural poor. there is a need to build on local foras of work
organization in planning. implementing. and maintaining forestry pro
jects. Those who have been responsible for the care of trees and for
collecting their products are those who need to be mobilized if agro
forestry efforts are to succeed. Since women are the ones most often
responsible for food preparation and fuelwood collection. they have an
interest that could be used to persuade them to undertake the required
tasks. Yet their perception of their needs and how these might best be
met are frequently ignored. Projects designed to introduce new sources
of firewood may disrupt or destroy existing systems. to the disadvan
tage of those who depend on them.

Another constraint on the organization of work for successful
forestry is noted by Noronha: "The Indian village." he writes. "unlike
the Korean. is heterogeneous. There is a mosaic of castes which come
together only on well-recognized traditional occasions. such as weddings
or temple festivals. But even on these occasions each caste plays a
traditionally defined role. There is no tradition of growing trees that
falls within the rubric of traditional common action. It is a tradition
that has yet to be built up. and in some areas may prove difficult. if
not impossible. to develop" (Noronha. 1980).

Adaptation to Existing Patterns of Distribution

When adapting the dispersal of forestry products to existing pat
terns of distribution. again the critical factor appears to be ensuring
that those who participate in forestry efforts will be among the bene
ficiaries. In Gujarat. for example. profits from roadside forest
plantings are split equally between the government and adjacent villages
through the local community council. or panchayat (Karamchandani. 1981).
In Korea. sales from plantation production are shared among cooperative
members in proportion to the time each has spent on the project.

There must also. of course. be an appropriate system for trans
porting that portion of the wood designated for the market. But there
is danger that building roads to facilitate such transport may further
destroy the existing forest cover. Ease of transport is also a factor.
Crooked or thorny tree species are obViously less desirable in areas
where firewood must be transported long distances. The fact that fire
wood is generally regarded as a free good must also be taken into
account. Producers who anticipate (perhaps inevitably) that firewood
prices will be manipulated to favor the urban population are likely to
be wary of investing their energies in forestry efforts. Put another
way. with the imbalance in income levels between the urban and rural
population. wood cut cheaply in the countryside may be consumed in the
cities. leaVing rural dwellers worse off than before.
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Repeatedly, proponent. of forestry project. encounter the problem
of local distrust described for Tanzania. "Few villagers believed that
wood would be distributed free at harve.t. They felt that government
or some rich villagers would get all the benefit.; since all the inputs
were provided free of cost by government, the villagers did not identify
with the project and the free provision of inputs reinforced their
belief that it was a government project in which they would not share"
(Noronha, 1980).

Integration with the Social Structure

The success of forestry projects is likely to be affected by the
indigenous social structure where the subordinate status of some sectors
of the population--women, descendants of slaves, member. of particular
minority groups--are by tradition denied equal status in community eco
nomic endeavor.. For example, referring to a village survey on tree
planting in Rajasthan, Agarwal notes that "questions were addressed
exclusively to the male heads of hou.eholds whereas it is women and
children who are usually the wood gatherer.. If women had been asked,
a different listing of priorities for planting trees might have emerged"
(Agarwal, 1980). Karamchandani reports that in village panchayats in
Gujarat responsible for forestry projects, "provision i. _de at all
levels for participation of women, scheduled castes, and tribes"
(Karamchandani, 1981). In Korea, women'. groups have often taken the
responsibility for raising planting stock in nurseries. The sale of
these seedlings provides them with an additional source of income.

Accommodation to the System of Authority

Fuelwood programs almost invariably entail some reallocation of
land. This can cause disputes, especially when local concepts of land
tenure are not clearly and equitably incorporated with new national
laws. To minimize conflict, those responsible for adjudicating land
disputes need to be included, brought into the projects at the planning
stage so they can work with, rather than in opposition to, those imple
menting government forestry policy.

Noronha ascribes Chinese success in forestry ("over a period of
thirty years, from 1949 to 1979, the forest area of China increased by
72 million hectares, representing 12.7 percent of the land area") to the
"effective political mas. mobilization of rural communities. National
targets were translated into specific goals for districts, brigades, and
communes at the lowest levels; people were expected to display the S88e
revolutionary fervor in tree planting as in, for instance, building
communal dikes; the spirit pervading the program, as in all other pro
grams, was the re-building of China under the leadership of Mao. The
organization for this purpose was already in place; the division of
tasks prescribed uniformly throughout the nation and implemented by a
hierarchy of officials and cadres" (Noronha, 1980).
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Congruence between the local authority structure and the organiza
tion of government at the national level is easiest to achieve in
culturally homogeneous societies. For example, the Korean forestry
development program is focused on improvement of life at the local com
munity level within the context of the "new community movement," saemaul
undong, a nationwide effort at rural revitalization that began in the
1970s and that derives its philosophical sanctions from Confucianism and
Buddhism. Forestry projects are executed by village forestry coopera
tives. From 1973 to 1978 more than one million hectares of land were
planted by about 20,000 of these cooperatives (Gregersen, 1982).

Unfortunately, a relationship between the local population and
higher systems of authority, particularly at the national level, more
often than not is lacking. In many countries, forestry authorities are
more concerned with policing forest reserves than with assisting the
community in growing trees for fuel use. As a consequenoe of this con
servation responsibility, in which forestry is perceived as having
little value to the community at large (as opposed to logging
interests), most forest services are ill-prepared to meet the needs of
a national biomass program. Even species with which these forest ser
vices have experience and about which they are knowledgeable may not be
the most suitable for fuelwood. The exploitation of forest resources
is a very common source of corruption because large profits are to be
made from timber concessions. Even in cases where there is a national
will for the conservation or generation of biomass, there is often a
countervailing state or local interest in resource utilization and
income generation.

Another political factor that must be taken into account--perhaps
despite the formal structure of the local authority system--is the role
of dynamic individual leadership. Noronha offers two examples of Indian
panchayats involved in tree planting; in the first, there was dynamic
leadership. "A panchayat chairman who was trusted, started by planting
trees on his own land and then convinced the villagers that they should
have their own woodlot. Some of his answers were enlightening. 'Why,'
I asked, 'did you decide on a self-help scheme rather than one where the
Department would do everthing for you?' The reply: 'Because I refuse
to pay the Department 50 percent of the profits for work on our land
which is, in any event, an overpayment.' And then, where did he get
funds, since his panchayat was poor? 'People trust me; when I need
money, I approach rich villagers who give me anything I ask for.' In
another self-help village, the process and answers were similar. The
temple caretaker established a plantation on temple lands to obtain
funds to restore his Sixteenth Century temple. The villagers saw that
it was a profitable venture, and the Youth Association approached the
panchayat to donate lands for a plantation which was established with
the labor of all members of the Association. The Association hopes to
rai.e money from the plantation to supplement funds to build a village
school" (Noronha, 1980).
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The success of nongovernment organizations with strong entrepre
neurial leadership in tackling family planning and village development
in Thailand (Asian Center for Population and Community Development) and
Sri Lanka (Sarvodaya Shramadana), which are now incorporating rural
energy in their programs, attests to the effectiveness of this approach.

Harmony with Prevailing Values and Ideology

Where religious leaders also hold political power, or where"
authority is powerfully sanctioned by ideology, as in China, the role
of leaders in the allocation of land and the adjudication of land
disputes must be taken into account. Indeed, in the Chinese case the
roles of politics and ideology are inextricably linked. Noronha
observes that the success of the Chinese experiments can be understood
through the existence of a widespread philo.ophy backed by an organiza
tional framework: that is, social philosophy realized through a
political revolution, with unity symbolized in an all-knowing leader,
and an organizational framework--with no little penal force--that
reached down to the humblest village. Further, while observing that the
Chinese case may not be an "example that could be easily imitated, it
usefully pointe to the need both for a consistent organization and the
presence of authority which, though not necessarily blatant or overt,
lies behind every decision taken" (Noronha, 1980).

While he accepts the value of such ideological impetus, Noronha is
careful to underscore that it does not by itself assure success. Other
critical factors are cultural homogeneity, egalitarian social structure
(at least at the village level), and perhaps most important, government
support in the form of free seedlings, technical expertise down to the
village level, continued education, and the enforcement of laws.

IMPROVED COOKING STOVES

The successful diffusion of improved cooking stoves appear. to be
dependent on the same roster of variables.

Structural Simplicity and Scale

Obviously, those stoves that are simplest to construct, in addition
to being fuel-efficient, suitable for indoor family cooking, and easy
to operate, are most likely to be copied and thus most readily diffused.
If their basic design is simple, they can be more readily adapted to
meet local needs and preferences. They are also easier to acquire and
to maintain.

The Lorena stove, developed in highland Guatemala in the mid-1970s
and widely diffused in both rural and urban Hondura., has this virtue.
A simple, boxlike stove, it is constructed of clay, .and, and water.
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Another simple model, a small bucket-shaped charcoal stove made in Papua
New Guinea, is being successfully diffused through the distribution of
a mold that can be used with clay-sand-cement mixtures to make the
stoves on site. Such stoves are the least costly and can in most
instances be readily moved or reconstructed. However, at the outset, a
considerable financial outlay, much of it for extension, appears to be
necessary for even the least complicated stoves.

Paradoxically, small-scale development projects may create admin
istrative difficulties for funding agencies, for whom the costs of
administering projects may be comparable for projects costing $10,000
or $10 million. In some countries, for instance Senegal, diffusion of
improved stoves has been "packaged," so that the project may involve
several hundred thousand stoves. In contrast to the successful adoption
of stove diffusion by the Senegal government, other countries have per
ceived such an effort as too minor to warrant serious government atten
tion, and private and voluntary organizations have in many instances
taken the lead. In Ethiopia, the diffusion process has been accelerated
by training extension workers to use a stove mold with which they can

An experimental clay-cement charcoal stove. (Papua New Guinea)
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turn out many stove. on the spot, rather than constructing each one
individually or teaching villagers to build their own.

Use of Familiar Materials

The use of local materials keeps down costs, m~n~m~zes the need for
external assistance and construction, and facilitates repair. Even the
use of such simple materials as cement and galvanized iron sheeting can
significantly slow diffusion (Elmendorf, 1980). But this condition will
vary. In Fiji, it is clay that is hard to come by for stove construc
tion; cement is cheap and readily available (Weir and Richolson, 1980).
When durable materials and shelter are not available, stoves may require
frequent rebuilding.

Employment of Familiar Techniques

If familiar techniques in design, manufacture, maintenance, and
operation are employed, the behavioral adjustments necessary to suc
cessful stove adaptation will be minimized and extension work with stove
builders and users may be reduced; the risks of faulty construction are
lessened; and repair is made easier. By allowing for adaptation ~o

familiar technology, it is easier to accommodate the varying needs of
communities. In constructing simpler stoves, rural peoples are often
more familiar with what is required than are urban dwellers, accustomed
to working for pay at specific tasks. For example, Elmendorf notes that
the diffusion of the Lorena stove in Tegucigalpa is difficult because
people in the city do not work the land, nor do they usually build their
own houses of adobe or wattle-and-daub, and so they have much less of a
feel for working with mud mixes. He concludes: '~ere adoption of new
stove manufacturing techniques is required, perhaps the most important
factor in obtaining acceptance is ••• local participation in analysis,
design, evaluation and implementation activities • • • • The target
population should be involved, initially, as a source of information on
fuel use, traditional stove design and cooking habits • • • this
interaction should be used to determine design objectives for any new
stove, and [to] evaluate the efficiency, usefulness and ease of oper
ation •••" (Elmendorf, 1980).

Functional Discreteness

Of the several biomass energy technologies under discussion, stoves
probably meet the criterion of functional discreteness best. However,
certain related changes must usually also be made, including modified
cooking techniques and the use of different implements, pots, and other
containers, and new methods of gathering, cutting, drying, and storing
firewood may have to be developed.
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Integration with Existing Technology

Integration with traditional methods of food preparation and fuel
collection and storage will enhance chances of acceptance. Where such
integration is lacking, there is a risk that the stove will be modified
by users for better technological "fit" in ways that diminish its effi
ciency. For example, Elmendorf cites instances in Honduras where the
firebox damper was removed to facilitate the burning of long pieces of
wood, a change that, by introducing more air into the combustion
chamber, greatly accelerated the rate of heat loss through the chimney.
Weir and Richolson encountered the same problem in Fiji.

However, efforts to adapt the stoves will--and should--occur. They
underscore the importance of monitoring of local adaptations by exten
sion workers well past the implementation stage. The result may often
be a new and superior mix of traditional and modern cooking techniques.
In Upper Volta, for example, women who use their new charcoal stoves for
smaller batches of quickly cooked food still turn to the three-stone
fire to prepare large pots of slow-cooking foods (Hoskins, 1981).

In designing stoves, this principle of integration with the exist
ing technology must be tempered by recognition that some changes in
behavior may be perceived by the local population as desirable. A stove
that allows cooking in a more comfortable position, that emits less
smoke, or that shortens cooking time may be seen as advantageous even
though it alters some time-honored methods of food preparation.

Meeting Locally Perceived Needs

For improved stoves to be diffused, the local population must think
that their cooking methods are generally wasteful of fuel and labor.
But firewood collection and food preparation are usually women's work.
In countries where men make the decisions about money outlay, other
forms of technological innovation often may be given higher priority
than those designed to lessen inconvenience or discomfort to the cook.
Where there is an actual demand for improved wood-burning stoves, hesi
tation in adopting them is more likely to be for economic than technical
reasons. Because stoves are not seen as generating income (except to
entrepreneurs producing them), cost of construction is likely to be the
greatest obstacle to diffusion.

It should be recognized that locally perceived needs may not be
reconciled with national objectives or technical assistance goals.
While stove diffusion has frequently been justified in terms of saving
firewood (and has been successfully carried out in the initial stages
as a result of government, community, and technical assistance enthusi
asm), it has become clear that fuel saving is seldom sufficient motiva
tion for continued use of the stoves. Indeed, there is evidence that
fuel saving does not occur because the stove is not properly used, not



- 74 -

properly designed, or that it is u.ed for purpo.es that were not pos
sible with the traditional method (such as keeping hot water available),
with the result that there is no net saving of firewood even though the
new stove has greater efficiency (Hoskins, 1981).

A.ong the really poor rural villagers, i.proved efficiency must
compete with conflicting needs. In Northern Ghana stoves were initially
accepted because the villagers did not wi.h to disappoint the Peace
Corps volunteer. After the rainy season, few were in use, .ince the
stove had to be built outdoor. becau.e there wa. no room in the house
and locally available materials did not permit weatherproofing; if
shelter aaterials had been available, they would have been used to build
additional sleeping accommodations, not a kitchen. Further, the .tove
was not perceived as particularly convenient, since it required more
attention to operate correctly than the three-stone fire (Caster, 1981).
In the Sahel and elsewhere, more studies of firewood u.e in traditional
and improved stoves are being carried out, and preliminary results
indicate that traditional techniques can be as efficient as the
"improved" technology (Malawi Energy Unit, 1981; Prasad, 1980;
Siwatibau, 1981).

Adjustment to the System for
Allocating Productive Goods

In many rural areas, firewood is still a free good. If the amount
of labor for firewood collection is not inordinate, adjusting to new
ways of cooking may not be seen as worth the trouble.

Compatibility with the Existing Work Organization

Where firewood collection and food preparation are women's work and
stove construction is categorized as a male prerogative, motivation to
accept improved stoves may be lacking. Efforts at diffusion in such
instances may be less successful than if stove construction were women's
work, as it may be where women are potters, or where other relevant
craft specializations are not closed to them.

Adaptation to Existing Patterns of Distribution

The more localized the manufacture and distribution of stoves, the
more widespread their diffusion is likely to be, since they can be bet
ter adapted to meet local conditions. Conversely, dependence on a com
plex system of centralized production will rai.e distribution cost. and
decrease the adaptability of the stoves to local needs. So far, it
appears that stoves diffuse more readily among those who are already
comparatively well-off. A distribution mechanism for getting them into
the kitchens of the destitute remains to be developed. An ancillary
problem for this group is that more efficient mud stove. si.ply will not
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fit in their kitchens. Much of the diffusion information is directed
at the relatively affluent, those who have sufficient resources to
acquire a convenient, and perhaps attractively fashionable, amenity and
for whom access to fuelwood is not a critical limitation.

Integration with the Social Structure

The relationship of cookstove diffusion to the social structure is
exemplified by the problem resulting from women's traditionally sub
ordinate social status. For example, it is "a _jor failing of
researchers not to recognize the cook as an essential part of the cast
of research experts" (Hoskins, 1981). Kale decision makers give women's
needs lower priority. This can affect both the decision to accept such
stoves and the efficiency with which they are adapted to women's cooking
habits and preferences. It may be important to know the way women per
ceive and value the chores of gathering fuelwood and preparing food in
keeping with culturally sanctioned patterns. These attitudes cannot be
guessed at by outsiders; they should be learned from the potential stove
users themselves, by identifying and tapping those groups through which
women are able to express their views--age-groups, voluntary associa
tions including mothers' clubs, women's cooperatives, women's political
branches, secret societies, sodalities, and health clinics.

Acc01IIDodation to the System of Authority

Where local society is stratified, an effective means of diffusing
stoves among the poor might be by introducing them to the rich. Where
such stoves are seen as more ''modern,'' as more closely resembling the
cooking style of admired urban dwellers, their acceptance may be
enhanced.

Where government agencies, either national or local, are involved
in the dissemination of cookstoves, the importance of accommodating to
prevailing systems of authority can be seen with particular clarity.
If the decision to accept new stoves is made by men, and if such new
stoves are then adapted by men, with female users largely excluded, the
success of their diffusion is likely to be lessened.

Harmony with Prevailing Values and Ideology

Accord with local values and ideology is particularly relevant to
the diffusion of improved stoves where religion requires, for example,
that women be secluded, and where the kitchen is literally out of bounds
to all males who are not members of the family. In such cases, the task
of those seeking to win women's acceptance of the new cooking implements
may be greater. Or if the organization of the family hearth has reli
gious significance, as it often does, this must be taken into account.
However, the symbolic significance of traditional cooking methods as an
impediment to diffusion should not be overstated. Referring to the
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three-stone stove as the symbol of a united family, Hoskins (1981)
points out that I~omen !!! willing to experiment with new stoves. If a
stove really saves as much as half the daily fuelwood supply, and does
not require undesirable tradeoffs, what woman," she asks, "would choose
the extra hour of hauling wood?" The convenience of electric, gas, or
kerosene stoves has led to their widespread adoption even in relatively
poor kitchens, in spite of considerable capital and recurring fuel
costs.

It is important to emphasize that none of these variables repre
sents an insoluble obstacle to cookstove diffusion. But only by taking
them into account can impediments to dissemination be lessened and the
chances for successful diffusion increased.

CHARCOAL PRODUCTION

Structural Simplicity and Scale

With charcoal production, the simplest technique, the earthen pit
and mound kilns covered with leaves and damp soil, has diffused rela
tively easily where there are adequate economic incentives. The only
external support required is a tie-in with a system of distribution.
Frequently, as in Mauritania, charcoal production and distribution is
organized by transport entrepreneurs (National Academy of Sciences,
1981). But the advantages of technical simplicity must be balanced
against very low efficiency; charcoal yields are low in these simple
kilns, and most of the by-products, combustible gases, and volatile
oils are lost.

Traditional charcoal making. (Mauritania)
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The question of scale, however, is complicated by the problem of
fuelwood supply. One of the most successful projects produces charcoal
on a large scale for the steel industry in Brazil. One hundred and
thirty-five thousand hectares of eucalypts are harVested in five-year
rotations and converted into charcoal in brick beehive kilns. The proj
ect is organized in decentralized fashion, with individuals responsible
for lOO-hectare forest units, including planting trees and building the
kilns. In many other countries introduction of this technology, on any
scale, has been frustrated by the problem of organizing a constant
supply of fuelwood.

Use of Familiar Materials

Greater structural complexity, the use of brick kilns, for example,
increases producers' costs considerably. Whatever its deficiencies, the
earthen pit requires only materials that are available wherever charcoal
production is practicable--a supply of wood and a soil bed. Where
brick, cement, or metal kilns are employed, the cost rises and the pos
sibility of unsubsidized diffusion among the poorest sector decreases.

Employment of Familiar Techniques

Even where charcoal has not been previously produced, the tech
niques for the manufacture of charcoal kilns are simple enough to

Tree plantations and charcoal production. (Brazil)
01 (byGooglc
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facilitate diffusion wherever a market exists for a cheaper, cleaner
fuel. To increase productive efficiency, improving traditional methods
appears preferable to imposing more complex, externally derived tech
niques of charcoal manufacture. In Papua New Guinea, for example, sub
stitution of relatively inexpensive, locally available drums for earthen
pits increased productivity from 20 kiloarams to 50-100 kilograms per
man-day and has greatly increased user interest. Current efforts are
aimed at increasing the life of this system by protecting or reinforcing
the drums. Brazilian experience has demonstrated the preference for
smaller brick beehive kilns over larger-scale more sophisticated tech
nology, because the wood can be cut and loaded by hand and transported
to the kilns by donkeys (Florestal Acesita, 1982).

Functional Discreteness

Charcoal production meets the criteria of functional discreteness,
especially when the technology is kept simple.

Integration with the Existing Technology

The substitution of charcoal for wood as a fuel source entails
little modification of the traditional technology, except that a simple
stove may be required. Only with the construction of more complex kilns
for charcoal production is a significant innovation in the technology
required, with more extensive training in construction, operation, and
maintenance. Thus, greater efficiency must be balanced against higher
capital costs and the need for teaching new techniques.

Charcoal manufacturing is often well integrated with traditional
technology, but paradoxically, in ways that seriously jeopardize biomass
regeneration processes. In many countries, particularly arid ones where
trees are scarce, there is a remarkably sophisticated and efficient
system of contractual relationships among charcoal makers, transporters,
and consumers, providing employment and income to many people but at the
expense of the countries' dwindling forest resources. Balancing fuel
wood use with regeneration, in a way that would involve existing char
coal producers rather than displacing them, has not yet been seriously
attempted by most countries.

Adjustment to the System for
Allocating Productive Goods

No significant land area is necessary for operating charcoal kilns.
If suitable trees are available, local people rarely perceive a problem
in turning forest cover into fuel for charcoal kilns. There is, of
course, an ecological cost, as uncontrolled tree cutting degrades the
entire ecosystem. But for those likely to accept or reject charcoal
production as a technological innovation, this is unlikely to be a
decisive factor.
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Governments, communities, and technical assistance donors need to
give more attention to this aspect of national energy supply. As urban
populations grow and efforts at small-scale industrialization increase,
the problem of deforestation threatens to become worse. For charcoal
use is likely to increase even further as other technologies--such as
producer gas generators to generate electricity or power fishing boats,
trucks, or irrigation pumps--are adopted.

This will undoubtedly require reallocation of land use and labor
to convert the present exploitive system into one that can sustain
itself. Powering trucks, boats, pumps, and electric generators with
producer gas where petroleum fuel is unaffordable is an interesting
possibility, one that has already been acted upon in some countries,
notably the Philippines.

Compatibility with the Traditional Work Organization

Unless a wholly new system of fuelwood supply and conversion tech
nology is contemplated, no major reorganization of traditional patterns
of work is ordinarily entailed for charcoal production, except that
labor may be drawn away from food production. While this is not likely
to be perceived by the rural population as an obstacle to diffusion, it
may increase the dependency of rural families on cash income to purchase
food. In the periurban areas in which charcoal is often produced, it
frequently provides one of the few forms of wage labor available to
unskilled urban migrants.

Adaptation to Existing Patterns of Distribution

Among all the biomass energy technologies discussed in this report,
adaptation to existing patterns of distribution is likely to be most
critical to the diffusion of charcoal production. There must be a means
of getting the charcoal to market, and at a price that serves as an
adequate incentive to its producers. For the rural majority, the cost
of charcoal is still the factor most likely to block diffusion, espe
cially where fuelwood is still a free good.

The conditions required for profitable distribution are illustrated
in a recent analysis of factors motivating charcoal production. For
rural households to benefit directly from charcoal production, they must
be able to buy it, and at favorable prices in comparison to other fuels,
especially firewood. However, this possibility is unlikely in most
rural communities in developing countries. Or, rural producers must be
able to sell charcoal to the urban sector at prices that compensate the
social costs incurred in producing it. Both of these possibilities
should be carefully considered in developing a community fuelwood
program with a charcoal component (Wood et al., 1979).
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Obviously, charcoal production i. most likely to diffuse rapidly
where there is an established market. As the population of urban areas
grows, the demand for charcoal aa an alternative to firewood will
increase. And as there are more and more rural merchants, governments,
and teachers who do not make their living from agriculture, the demand
for charcoal is likely to increase in the countryside as well. In many
urban areas the increasing cost of traditional urban fuels, like elec
tricity, bottled gas, or LPG, is causing families and businesses (such
as bakeries, brick manufacturers, hotels, and restaurants) to switch to
charcoal. This is further encouraged by government policies of conser
vation on imported fuel oil.

Where middlemen control the distribution of charcoal, there may
often be a serious question as to whether producers receive a just price
(Hayes, 1981).

Integration with the Social Structure

Assurance of an adequate return to those who produce charcoal is
especially important in traditional societies where its manufacture is
assigned to a particular, often subordinate, group. Here the issue of
equity must be addressed if an increase in charcoal production is truly
to benefit those whose energy needs are areatest, including many who may
produce charcoal but cannot afford to purchase it. And as charcoal
production diffuses among small-scale entrepreneurs with a ready supply
of cheap labor, it will be difficult to ensure that development of this
new industry does not exacerbate existing socioeconomic inequities.

Accommodation to the System of Authority

Since it is often the government that sets or regulates prices,
charcoal prices must be established and maintained at levels that give
producers the incentive to increase production.

Harmony with Prevailing Values and Ideology

Diffusion of charcoal production appears to relate to religious
beliefs and practices only in those societies that assign the task of
charcoal production on the basis of caste. Where others are excluded,
this could affect the availability of labor necessary for the more
widespread diffusion of charcoal production.

BIOGAS GENERATION

As an inexpensive source of energy from readily available organic
materials, biogas generation is especially promising for the humid
tropics. But the sociocultural constraints to the diffusion of biogas
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technology are considerable. So far. the diffusion of biodigesters has
been most successful in China. a nation characterized by marked cultural
homogeneity and an effective mix of political centralization and local
administrative efficiency. Unfortunately. both attributes are strik
ingly absent in most poor developing countries.

Structural Simplicity and Scale

Even the simplest biodigester requires greater structural
complexity than most other biomass energy technologies. In China the
brick. sand. cement. and rock necessary to construct water-pressure
family digesters at one commune is reported to cost $12 per cubic meter
of capacity; 20-30 percent of this cost was reimbursable by the govern
ment. Even where financing is available. risks resulting from problems
of construction persist. This is illustrated by the fate of five
million biodigesters disseminated in Sichuan province in the mid-1970s.
many of which are now out of operation because of construction defects.
The processes of effluent treatment. storage. and transport require both
an investment beyond the capacity of many would-be users and a level of
technical skill that would require extensive training in most developing
countries. especially where there is no cultural tradition of processing
organic wastes.

Use of Familiar Materials

While local materials can often be used for most elements entailed
in the construction of biogas units. the requisite supplies of biomass
or water may not be available among the poor.

Employment of Familiar Techniques

In much of the developing world. techniques for the design. manu
facture. and operation of biogas generators are not familiar outside a
few experimental centers. Only in parts of Asia is there an indigenous
tradition of biogas production that would facilitate diffusion. In most
areas not only are the requisite manufacturing techniques unfamiliar
but. to the extent they entail use of organic waste. especially excreta.
they are potentially repugnant (Prakasam. 1981).

Functional Discreteness

Biogas production lacks the functional discreteness that appears
to foster diffusion. The complexity of one system in China illustrates
this: an urban power station uses domestic sewage dumped from trucks
and handcarts into a gravity flow system that carries it to twenty-eight
digesters. Simultaneously, an equal volume of supernatant liquid over
flows to a storage tank. This material is drained into fertilizer boats
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that are u.ed to transfer the effluent to nearby farm.. The infra
.tructure to maintain such a complex and interdependent technology
appears to be pre.ent mo.tly in nation. with an e.tab1ished "hydraulic"
cultural tradition, often dating back centurie••

Integration with Exi.ting Technology

Adaptation would al.o be easier among farmer. and agricultural
people. already producing crop re.idue. and other organic wa.tes suit
able for bioga. production. In those part. of Asia where organic wa.te
collection is an e.tablished tradition--in China and Korea, for example
--thi. factor appears to have greatly enhanced chances for diffusion.
Succes.fully operating bioga. generator. are typically a.sociated with
fairly .ophi.ticated integrated .ystem. of waste management based on
cattle, .wine, or poultry production such a. the Maya Farm operation in
the Philippine., in which the ga. generated is a valuable by-product
rather than the main product. The exten.ive Chine.e experience, with
some seven million digester. constructed, appear. to be .imilarly linked
to environmental and health improvement and nutrient recycling (includ
ing human wa.te), with ga. being a co-product rather than the principal
objective.

Meeting Locally Perceived Needs

Biogas production al.o fail. to meet a locally perceived techno
logical or economic need in mo.t developing countries. Even in China,
although farm managers were aware of the potential for biogas production
in their farming system., they were more concerned with increasing soil
fertility and improving sanitation and health than with biogas gener
ation. However, elsewhere in China where fuelwood is scarce, there are
many communes in which 80-90 percent of cooking is done with biogas.

While biogas has a role to playa. a source of fuel for small
scale industry, its potential is not familiar to the poor majority in
most urban or rural areas. Familiarizing them with its benefits will
entail both considerable capital input and extension support, elements
already in short supply in most developing countries. Cost of the units
is also a major constraint. In Fiji, for example, it is estimated that
comparatively simple dige.ters proposed for construction at various
piggeries will cost about $600 each. This investment will require a
subsidy of about $300 per digester, since a capital outlay of this
magnitude is far beyond the reach of the potential users. The diffu.ion
of biogas unit. in this price range will probably be economically feas
ible only where government financing i. available.

Because of its indirect benefits, Prakasam maintain. that analy.is
of the economic. of biogas generation is sometimes difficult. Be .ays
that in India, if too low a cash value is placed on the indirect bene
fits of cooking with bioga., .uch as the leisure that a housewife may
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enjoy or a decrea.e in the number of eye ailments. the net benefit to
the .ociety may be grossly undere.timated (Prakasam. 1981).

Adjustment to the System for
Allocating Productive Goods

Biogas production may require .ome reorganization of the system for
allocating capital and other productive good.. In many in.tances labor
used in food production may have to be reallocated to .upport bioga.
production. and this may prove difficult to justify.

Compatibility with the Traditional Work Organization

An aspect of traditional work organization that i. perhaps mo.t
critical to the diffusion of bioga. production technology relate. to the
handling of organic wastes. e.pecially excreta. In Papua New Guinea and
in India••uch work is seen as contaminating. but in China·. no stigma
is attached. There a work organization ba.ed on the hou.ehold unit and
modified by the imposition of communal organizations appears to have
lent itself well to the construction and maintenance of bioga.
digeaten.

Adaptation to Existing Patterns of Distribution

Adaptation to local patterns of di.tribution is especially critical
for community biogas production. Bioga. projects have foundered over
the cost of the sy.tem. responsibility for operation and allocation of
ga•• collection of substrate. equitable distribution of the residue.
and. in arid regions. adequate water supply. And few poor families have
the capital or the number of animals necessary to support a home gener
ator.

In India. only households with a minimum of three to five head of
r.attle can aspire to install a biogas plant. At least thi. many cattle
are needed to provide enough dung to produce biogas for the cooking and
lighting purpose. of an average family of four to five persons. "It is
estimated that about 26 percent of the rural population in India is
landle.s and .ustained on wage. earned by working inside the village or
in a town close by. Certainly this population cannot afford a biogas
plant" (Prakasam. 1981).

Forman'. report on biogas diffusion in Colombia makes a similar
point on the often prohibitive co.ts of a .y.tem (Forman. 1981).

Integration with the Social Structure

The Indian biogas program wa. restructured on,income-distribution
grounds becau.e benefit. were going to the relatively wealthy who had



- 84 -

the cattle, land, and credit needed to build and use a biogas plant,
lIhile introduction of the plants by increasing the value of dung had a
negative impact on the real income of the poorer groups who cook with
dung. For most developing countries the question of the benefits of
biogas generation to the poor remains, at best, moot.

A market-based evaluation of the benefits of conversion to biogas
generation requires an often complex proce•• of calculation.
" ••• Evaluation of a community biogas plant in India shows that the
benefit from biogas u.ed for cooking depends on whether cow dung or crop
residues, thus released, have alternative uses in the system. If crop
residues cannot be used a. fodder or sold for fuel, the benefit from
biogas used in cooking will be zero. Similarly, if cow dung released
from its use a. dung cakes could not be marketed and the farmers did not
perceive any benefits from additional organic manure or rain-fed crops,
the benefits from cow dung would also be zero. In this context,
reallocation of biogas from cooking to irrigation pumping or flour
milling would con.titute an increase in social benefits and may also
make the unit financially more viable. Alternatively, the benefits from
biogas used for cooking could be estimated as savings in the resource
costs of providing alternative fuels for cooking •••" (deLucia and
Bhatia, 1980).

Accommodation to the System of Authority

Successful biogas generation requires the mobilization of capital
and the reorganization of a significant sector of the labor force. It
is therefore essential that there be, both at national and local levels,
an authority system adequate to the task of administering the changes
in patterns of production, distribution, and fuel consumption that are
entailed by the adoption of biogas technology. Extension services that
reach rural communities and a tradition of using organic wastes are two
factors critical to biogas diffusion. The first of these is often
absent. Prakasam, for example, ascribes to infrastructural weakness
many of the problems of biogas diffusion in India. He observes: "There
is lack of coordination among these various organizations. Delays are
caused in obtaining loans from the nationalized banks because of too
much bureaucracy. A systematic and well managed marketing system is
seriously lacking and needs to be developed urgently. Follow-up work
by biogas workers is lacking or inadequate in many villages, when once
the biogas plant is installed. This causes serious problems to the
owners of biogas plants and creates mistrust among the villagers • • •
where repairs need to be made on biogas plants, services are lacking and
this causes frustration to owners and creates a negative image for
biogas plants and thus a resistance to accept them by others •••"
(Prakasam, 1981).

Harmony with Prevailing Values and Ideology

Attitudes toward fermentation processes in Islamic region., and
concepts of ritual contamination in many cultures, are prominent among
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the ideological factors that may hinder biogas diffusion. For example,
"drying food with gas derived from dung may not be acceptable to
certain cultures" (Ashworth and Neuendorffer, 1980). Concern about
contamination is well known in India, where the handling of waste
materials is relegated to members of particular subordinate castes.
Perhaps partly as a consequence of this attitude, the construction of
biogas plants has not yet had a "discernible impact on energy
resources" there (Prakasam, 1981). DeLucia and Bhatia concur that
"attitudes toward using human excreta to produce biogas for cooking, or
toward carrying slurry from a plant where human excreta has been used
as an input, may cause problems for villages where untouchability and
casteism predominate" (deLucia and Bhatia, 1980). The concept exists
elsewhere; for example, most Papua New Guinea natives are reported to
have strong fears concerning the use of their excreta by others
(Newcombe, 1981), and similar objections exist in Colombia (Forman,
1981) •

ALCOHOL PRODUCTION

Of all the biomass energy technologies so far considered, fuel
alcohol production appears to be most vulnerable to sociocultural and
political constraints on its diffusion. Several countries have adopted
policies to use alcohols to replace imported petroleum fuels. Only in

I

Large-scale ethanol plant produces 1,300,000 liters per day from
sugarcane. (Brazil)
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Brazil, however, has this been effected to any degree, probably because
in Brazil there exists the (perhaps unique) combination of an estab
lished use of the technology, available land and labor resources to
produce the feedstock, and clear government pOlicy and subsidy.

Structural Simplicity and Scale

Alcohol production technology generally fails the test of
structural simplicity. While potable alcohol production can be
small-scale and the technology is relatively simple and well known,
economies of scale are persuasive for ethanol and, particularly,
methanol. The amount of fuel obtained from small stills requires a
disproportionally large amount of equipment, effort, and perhaps most
important, energy to produce it, compared with large-scale systems.
Even more difficult may be the problem of distinguishing between fuel
and potable ethanol produced on a small scale, and most countries have
long-standing legal and tax impediments to the use of this technology.

Use of Familiar Materials

While appropriate biomass is available in many developing
countries--sugarcane, sweet sorghum, cereals, starches such as sago and
cassava--its conversion to fuel ethanol in quantity is rarely possible
using familiar techniques, unless there is a tradition of producing
potable spirits commercially from these sources. Where this technology
exists, its successful expansion for fuel production may require the
diversion of food staples or the land on which they are grown, with
important consequences for food availability and price.

Functional Discreteness

As a technology, alcohol production is not functionally discrete,
since it is dependent on the large-scale and continuous production of
biomass, supplies of fuel and water, disposal of stillage residues, and
distribution of the product.

Integration with Existing Technology

Alcohol production is only integrated with the local technology to
the extent that forms of biomass suitable for fermentation are often
available crops, although cultivated for different ends.

Meeting Locally Perceived Needs

Except in those instances where national planning allows for both
high risk and the deferment of economic rewards, the high initial costa
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of alcohol production are likely to offset its potential long-term
advantages as a source of fuel savings. Only where such disincentives
are offset by substantial subsidies is this technology likely to be
diffused.

Adjustment to the System for
Allocating Productive Goods

Production of fuel alcohol is rarely adjusted to the system for
allocating productive resources. Rather, land and labor used for food
crop production must often be reallocated, with some risk that the food
supplies of the producers may be decreased. Unless carefully con
trolled, alcohols may be used by the wealthy to fuel automobiles at the
expense of food production and other land use. In Colombia and Brazil,
there is concern about displacement of agricultural land for alcohol
crops.

Compatibility with the Existing Work Organization

Whatever patterns of work organization are already in place appear
to be adaptable to production of the biomass from which alcohol is pro
duced. The process of fermentation and distillation, however, may
entail some changes, as well as training and extensive supervision.

Adaptation to Existing Patterns of Distribution

In distributing alcohol fuels and the profits it brings, two
factors must be taken into account. First, the rural and urban poor
must be able to profit from its production, which means ensuring that
an adequate price is paid for the biomass they produce and for their
labor as alcohol producers. Second, in stratified societies there is a
danger that reliance on low-cost, labor-intensive systems for producing
this new source of fuel may widen the income gap between unskilled rural
producers of the "raw" biomass upon which alcohol production depends and
the entrepreneurs who make the investment necessary to profit from its
processing and distribution.

Accommodation to the System of Authority

Because the technology is complex, a centralized authority system
appears essential to coordinating the reallocation of capital, land, and
labor that alcohol prOduction requires.

Barmony with Prevailing Values and Ideology

Ideologically, there will be constraints on alcohol fuel production
in those developing countries where a strict Hoslem regime may oppose
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reliance on fermentation or where temperance interests may complicate
the licensing and supervision of fuel ethanol production. Diversion of
ethanol for potable use can be countered by adding small amounts of
substances that make it undrinkable, such as gasoline.
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8 CONCLUSIONS AND RECOMMENDATIONS

When the prices of petroleum fuels rise above the cost of biomass
based energy, the production of energy in tropical forests presents an
opportunity to those whose energy costs are directly linked to petroleum
fuel prices. These conditions have already occurred in many developing
countries. However, among the poor, who traditionally have not paid for
commercial energy and indeed are often outside the money economy alto
gether, many other factors already discussed affect their willingness
to adopt new or more efficient biomass-based energy technologies.

In this analysis of the diffusion of these technologies among the
rural and urban poor, the following principal points emerged:

• Increased production of biomass is essential both to meet the
energy needs of developing countries and to counter deforesta
tion that threatens agricultural productivity and ecological
balance.

• Among the variables identified as important to diffusion of a
technology, allocation of productive resources (primarily land
and labor), integration with traditional technology, accommo
dation to equitable systems of distribution, local perception
of energy needs, and congruence with systems of authority
appear to be the most critical.

• Organization of diffusion strategies is as important as the
efficacy of the technologies themselves. The relationships
among biomass resource depletion, agriculture, and energy prob
lems are not generally understood and receive insufficient
attention.

• Agroforestry and improved charcoal production and use are the
most promising energy technologies of those studied.

- 91 -



- 92 -

• Biogas generation requires integrated resource management.
which is usually found only in well-organized communities or
large-scale systems.

• The potential competition for arable land associated with
large-scale alcohol fuel production may prevent its adoption
in many areas. However. this could change dramatically when
practical systems to convert lignocellulose in wood to alcohol
become available. Small-scale fuel alcohol production is not
yet practical.

DIFFUSION OF INFORMATION

Although the focus of this report is on the diffusion of renewable
energy technologies for the benefit of the poor. analysis of the factors
affecting this process indicates that decisions are made at all levels
of society (and indeed outside of the society, by international devel
opment technical assistance agencies and multinational corporations)
that affect diffusion in many ways.

At the highest level, policymakers and planners may require
evidence that any type of biomass-based technology is practical and
economically feasible. Successful diffusion almost always involves a
national commitment.

Development-assistance and funding agencies cannot independently
institute or support energy technology diffusion projects where there
is little or no national receptivity. Where a national commitment
exists, the agencies also must be convinced of the economic justifica
tion of the project and its relative importance.

Private and voluntary organizations and government extension
agencies have related roles to play in the diffusion process, since both
are in direct contact with the intended recipients. However, they may
have different strengths; private organizations usually are more attuned
to local perceptions and sensitivities, but may have limited technical
knowledge and resources, while government agencies may have adequate
information and resources but limited sensitivity.

A principal conclusion, therefore. concerns the manner in which
information about the technologies is compiled and conveyed to planners
and policymakers, government and private agencies, and funding organi
zations.

Policymakers and Planners

At the policy level, the information must relate mainly to national
macroeconomic issues. It should convey the potential of renewable
energy technologies for reducing oil imports, increasing employment, and
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improving agricultural production--that is. benefits at the national
level. For example:

• Solutions to the rural energy problem must be developed in the
context of a national strategy because of the direct impact on
agriculture of uncontrolled deforestation. erosion. and
ecological imbalance.

• Investment in reforestation for fuelwood and charcoal. when
properly managed. can generate an attractive internal rate of
return and will not require a perpetual subsidy at the expense
of other sectors.

• Benefits and limitations of the various technologies should be
identified.

• Opportunities for private sector commercialization of these
technologies should be examined.

Policymakers need less information on the technical aspects. though
their advisory staff. from whom they will request technical policy
options. will need more detailed information.

Development Assistance and Funding Agencies

Assistance agencies require predominantly economic information on
the returns from investment in the proposed projects. To make assess
ments of funding needs for these technologies. however. technical
feasibility studies will be required to provide data on benefits and
returns at both the national and community level. Technical and socio
cultural details. in addition to economic data. will be necessary. For
example:

• Valid economic data should be obtained from projects that have
been successful in similar situations.

• Technical entrepreneurs and private and voluntary organizations
should be involved in working with local communities.

• Successful local adaptations. developed through field projects.
are important to counter risk aversion in the target
population.

• Emphasis on local participation must go beyond pious acknow
ledgment of its importance.

• Continuing technical guidance and warranties and service for
commercial equipment must be available.
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lor these agencies, the information needs to be provided in a less
general, more practical form, with allowance, wherever possible, for
updating as additional case studies, economic information, or new tech
nological developments become available. Limitations in the applica
tions of technologies also need to be clearly spelled out. Computerized
information, data books, and fact sheets may be especially useful to
this audience.

Extension Agencies

Operation guidelines for government agencies and private and
voluntary organizations should stress the following points:

• A survey of locally perceived energy needs should be among the
first steps in planning.

• Representatives of the local population. the donor agency, and
the implementing group should collaborate in planning and
implementation.

• Planning and implementation should allow for regular monitoring
and the early identification of problems.

• The probable sociocultural consequences of biomass-based energy
technologies should be studied.

• Demonstration in a neutral context should precede wide dissem
ination.

• The social status of initial innovators may be critical to
successful diffusion.

• Subsidies or short-term incentives should be provided when the
benefits of a technology are deferred.

• In many Cases, energy technologies may have to be labor
intensive and require minimal local capital investment. Tasks
should be structured in accordance with local patterns of work
organization, capitalizing on existing technical skills and
ingenuity.

• Existing management structures--rather than imposed organiza
tional models--should be employed, so long as equity and
efficiency are not jeopardized.

• Women should be explicitly assured of equal participation in
the benefits of these projects whenever possible.

• The need to minimize costs may justify acceptance of lower
levels of efficiency.
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• Existing systems for the allocation of land should be analyzed
for possible impediments to technology diffusion.

Information on renewable energy projects must flow from extension
agencies to their funding sponsors. and also among these agencies them
selves. Technical journals are excellent for this purpose. but slowj
newsletters are particularly helpful. The use of audiovisual aids.
particularly videotapes. may be justified to circumvent language
barriers. as well as to communicate excitement and enthusiasm along
with the technical information.
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