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FOREWORD

This volume had its ovigin at a conference held in 1978 at the Fast-
West Center that considered the short- and long-term energy problems off
the Asia-Pacific region. That group of national encrgy policymakers,
scientists, and technologists agreed that providing adequate energy for
the rural arcas of the developing countries looms large as one of the
more criticial problems of the region.

Encouraged by this consensus, the East-West Resource Systenis Insti-
tute obtained a grant from the Agency for International Developnent
for the purpose of initiating a collaborative, multicountry study of rural
energy problents. The National Research Council of Thailand and the
Fast-West Center agreed to work closelhv together as twin loci for the
coordination of the effort.

Most persons who have given thought to the problems of social and
cconomic development of the less-developed countries agree that special
attention must be accorded the rural areas. In Chinacand in most coun-
tries of South and Southeast Asia, three-quarters of the people live in
ruralareas. In addition 1o housing the vast majority of the people, the
rural areas also harbor the greater part of hunger and povertyin the
developing world.

I'he millions of indless rural poor more often than not lack the
necessary resourcees either to grow food or to buy it Indeed, rural poverty
is perhaps the greatest single cause of hunger in the world today. The
ruval poor are cenfronted by the cruel choice of remaining where they
are —thus facing continuing hunger and poverty —or ol migrating to the
cities, where they niight well face even greater perils.

We know that rural dwellers can potentially greatly improve their lot.
Food production can be increased: the development of small industries
can provide jobs: small amounts of electricity can provide important
amenities such as hghting and improved communications with the
outside world. The availability of fuels for cooking and heating can be
improved. Such improvements, however, will require the injection of
increased quantities of energy into the rural system.

How can these increased demands for encergy best be metz Will rural
areas, like the urban ones, become increasingly dependent upen fossil
fuels, which for the most part must be obtained from distant sourcesz Or
is sufficient energy available through the intelligent development and
management of indigenous energy sources to fill the gap?

The authors of this work discuss some of these difficult questions and
describe how individual nitions are now grappling with this complex
problem. Thev analyze experiences and lessons {rom their vavious

XV
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cultural perspectives and intellectual disciplines to clarvify the unique role
ofenergy in rural houschold and agricultural activities and to suggrest
more effective ways lor linking energy development with programs o
increase agricultural productivity. From those pereeptions and experi-
encesemergesanew setof priorvities for energy and rural de clopment
rescarch and an integrated set of methods tor strengthening rural
people’s participation in energy program development. Above all, this
work reveals how villages, regions, and nations can cllectively organize
tomeet their ruval energy needs.,

Harrison Brown and Sanga Sabhasri
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NUMERICAL CONVERSIONS

Rural residents obtain energy from many sources —the sun, tuelwood,
farm residues, fossil fuels, hvdroelectric plants —and are users of various
technologies to transform energy imo Cuels or carriers suited o the task
at hand —heating, lighting, mechanical work, cooling. Many raval energy
sources and fuels are in nonstandardized forms. There are wide van a-
tinns in the efficiencies with which they are converted to usetul work, A
continuing challenge 1o policvimakers and researchers, therefore, is to
arrive at reliable and comparable estimates of rural cuergy production,
consumption, ! eifective use. In this book each author states the units
m which the original data were collected and the numerical values used
to convertthese data o calories or joules (), the stmdard international
erergy unit. For ready reference, the principal energyv units, conversion
factors, and abbreviations used in the book are listed below.

Energy Power (rate of tlow ol energy)

J = joule = 0.2309 ¢ lories W = watt = |/sccond

cal = calovie (raises I gram ol KW = kilowatt = 13-4 horsepower
waler 120 = L8 |

keal (food Gadorie) = 1,000 cal hp = horsepower == 746 W =

kWh = kilowatt-hour = 3.6 x 10° ] 33,000 ft-Ib/minute

Metric prefixes

k= kilo = 10 M= mega = 10" G =giga =10
T =1tera= 10 P=peta= 10"
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Energy for Rural Development:
Principals, Issues, and Methods

Richard Morse, M. Had) Soesastro, and Charles Schlegel

INTRODUCTION

T'his book, coauthored by persons in seven Asian countries in coopera-
tion with the East-West Center, reports methods and results of a cross-
section of policy, technology, and development research linking energy
and rural development issues. The aim of the book is to distill experiences
and lessons from these studies, forming a new agenda of research and
methods designed to strengthen the ability of vural people o identify
and organize energy resources and technologies to meet their own
development needs.

Focusing initially on energy needed to meet basic food and nutrition
requivements, the book also develops approaches for assessing caergy
requirenients to increase agricultural productivity and to support other
income- and ermplovment-generating activities in rural arcas. Individual
chapters present and assess methods used in studying those and related
poiicy issues. A new set of priorities for energy and rural development
research is identified from this experience, and an integrated set of
methods building on rural people’s own knowledge and motivations
is suggested to address these priority issues,

Policy Concerns

In many Asian nations, rising policy concern for increasing food
production and meeting the basic needs of most of the people shifted
emphasis in the mid-1970s to incorperate concern for energy constraints
as well. Two issues linking nonrenewable and venewable energy resources
took on new inmportance. Suddealy, the world and the region entered a
period of rising prices and unstable supplies of petroleum-based tuels,
with uncertainties also affecting fertilizer and pesticides. Fossil fuel
uncertainties threatened also to accelerate the more gradual but never-
theless widespread environmental depletion associated partly with rurai
people’s heavy reliance on firewood and agricultural residues for cooking
fuel. More costly, interrupted supplies of kerosene and diesel oil, itwas
heiieved, could lead to a reverse substitution tiend of biomass for fossil
fuels, increasing environmental damage.
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Persons responsible for priority allocation of national resources started
turning their atiention at this time to determining rural energy needs,
Their rationale was twolold. Most people in developing economiies live in
rural arcas. And energy is critical 1o agricultural production while at the
same time it gready influcnces the quality of rural life, Accordingly, policies
for rural energy development huve two main objectives: (1) stimukuion of
agricultural productivity and tood production: and (2) rural development
of farm- and forest-based energy resources that can help improve the
auality of life and also preserve the local and regional environment and
reduce dependence on fossil fuels.

Policymakers, planners, and investors soon became aware of serious
mformation gaps on certain issues. Missing were basic data for defiing
rural energy problems and for designing policies and programs to meet
those problems in accord with national development goals. I agricultural
productivity and rural development are to be stimulated through energy
mputs, detailed imformation on energy use patterns and on energy flows
is needed. Hagriculture is to contribute resources for cooking and other
houschold needs and for other economic sectors through bioconversion,
specific information is needed 1o evaluate alternative techmologies, their
viability and acceptability, and their environmental HIPICLS.

A New Research Community

Consequently, governments, science academies, technology institutes,
universities, and international development agencies have sponsored a
variety of energy for vural development vescarch activities within the past
decade. Researchers in diverse ficlds — engineers, agricultnral scientists,
cconomists, imthropologists, systems analysts — have brought their
specialized skills and concepts to this new realm of inquiry. A sizable new
literature has emerged, with many items in unstandardized form.

‘This book helps connect these policy and research concerns. The
book’s roots are inan interdisciplinary program mvolving both survey
and action research. The program engages researchers not only in Asian
universities and technology institutes but also in government policy,
planning, and implementation agencies in cooperation with East-West
Ceater rescarchers. From the intercountry experience, we identity the
principal interest groups involved, examéne the issues, and bring together
evidence frontareview of studies to help clarify the issues and contribute
to improved methads for ongoing research.

Our Audience

Researchers and research sponsors are the book’s primary audience,
H the findings of research are to be in terms useful for policy and action,
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those conducting the research must be aware of the positions and per-
spectives o the decision makers concerned. Researchers and research
users the efore need close interaction. Yet findings that connect the
interests of different users must also be discovered. In this book we not
only seek to define standards of vescarch scope and relevance for particu-
lar problems; we also try to help decision makers and researchers reach
some common ground on procedures and methods for developing
pertinent data and for evolving refiable solutions.

The book, then, marks a transition. We hope it will contribute to a new
research agenda einphasizing result-oriented energy and rural develop-
ment methods. Drawing lessons from experiences reviewed here, meth-
ods for this new agendi would be built upon the needs and organizing
skills of rural people, who produce and use energy in their daily lives.
‘The goalis a new synthesis of rural and natonal development policies,
fostering socially and environmentally appropriate development of
rural energy systems,

WHO ARE THE PRINCIPALS?

Decision makers in many different settings sponsor work by this new
research commumity and are users of its findings. The most numerous
potential users, of course, are rural residents themselves. They can use,
and often request, environment-specific information necessary for
appropriate local decisions on changing energy sources and technolo-
gies for a wide variety ol tasks in individual homes and enterprises,
notably for agriculture and cooking.

Village Decision Makers

Prior to choice of technology is of course the clartfication of needs.
Expression by rural citizens of their own felt needs, as a basis for probing
into specific requirements, is exemplified by this dialogue at an early
stage in the action research reported by Deepak Bajracharya in Chapter 7:

Ist man: “We should get either electricity or water.”

2nd man: “What we need is mainly water for the
winter to plant wheat, cultivate potatoes,
cauliflower, and so forth.”

Deepak: "Yes, Isee ...
Ist man: “Water is really what we need.”
Ind man: “Well, what do our daughters and

daughters-in-law want to ask forz”
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Avriving for Kamalbari meeting, Chorkate, Nepal (D Bajracharya)

Deepak (turning 1o

the womeny: “TUs vour turn now o sav what vou want,”

Lst wonnan: “Albright. How about the elderly, experi-
cenced ladies firse”

2nd woman: “What do vou want o ask for:"

Ist man: “Looks like theyv don't want 1o speak out”

3rd man: “TE Tean speak for vou and vour conven-

tence, would ask for the mit]”

Istiman: “Yes, [ think we need imill which has an oil
expellerand a grinder for maize, millet,
and wheat”
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Deepak: “What do you say?”

1st woman: “Yes. To improve the future of our children,
we need the mill”

Deepak: “Ldon’t understand. How is it that the
children’s future is going to be improved?”

Ist woman; “Presently, the milling and grinding take a
lot of time. We can’t always manage every-
thing on time. Once we have the mill we can
cook carly, feed the children, and send
them to school”

Deepak: “I'see. How long do you spend in milling
and grinding?”

Ist man: " the person is quick, she geis up as soon
asthe cock crows the first time, and she
starts unhusking the grain, .. "

2nd woman: *ocatleast until 8:00 or 9:00 o'clock.”

2nd man: “You canimagine. How can she manage to
cook ut 8:00 o’clock and send the children
1o schoolon time?”
~ Chorkate, Nepal, February 1982,
(Deepak Bajracharyaand Chandra Gurung 198-4)

The felt need of Chorkate residents to reduce women's drudgery and
free their time for more valued uses drove subsequent discussion to
underlying needs: for adaptation and innovation in existing social
institutions and for a new guality of energy technology to meet the direct
needs. The facilitator's role brought new perspectives connecting these
underlying needs with the potential of biogas technology and of new
organizational forms.

Women and men reached a consensus, in the Chorkate dialogue, on
priority of food processing over food production. It was not entirely a
dichotomy, since increased oil yield was an expected benefit from the
expeller. Complementarity or choice between the food production sector
and the food preparation and cooking sector are frequent issues in such
village energy decisions:

“When the village assembly was first asked to make its choice of trees
to be planted, the men immediately answered: *Fruit trees” Fortu-
nately, the women ot Chamoli were braver than those of Etawah and
argued that these trees will not get them anvthing. “T'he men will
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take the fruits and sell them by the voadside. The cash will goto buy

liquor and tobacco. No, we want fuel and fodder trees; they argued.
(Anil Agarwal 1982)

In the Chorkate meeting, women became involved because their
husbands first spoke for theni. In Chamoli, the women, as chief fuel
gatherers, spoke for themselves. *Finally, both types of trees were planted.
Amnobserver notes that otherwise the men were beginning to lose interest
in the very proceedings of the ccodevelopment camps” (Agarwal 1982),

The significance of these village decision sessions can be generalized
by stating that the motivations, needs, and constraints of rural people
constitute the foundation of rural change and development and set
the context for detining rural energvissues, Small- and medium-scale
farmers, marginal and subsistence farmers, landless families, large-scale
farmers, agro-processors, traders, artisans, teachers, and conmmuity
leaders —all may see these issues somewhat ditferently, Infor mation
provided by these individuals during survey interviews oraction research
and tasks done or decisions made during participant observation
comprise an important resource base of this volunie,

District Administrators, Planners, and Specialists

Village officials and councils — elected, appointed, or hereditary —
connect the village or cluster of villages with the wider political and
governmental framework. On the scale of a rural market area or adminis-
trative unit, development planners as well as extension agents and sector
specialists (who often serve as advisers to farm family decision makers) e
primary clients for vesearch findings. What information do these local
planners and experts vequire?

Needs for local planning data were specified in a discussion in North
india in carly 1982 1o plan use of central government funds (on the order
ol $135,000) allotted for an energy planning and demonstration project
in some 300 villages. The Indian Administrative Service officer responsi-
ble for district development convened the meeting, involving the district
cconomics and statistics officer; specialists in agriculture, livestock, and
forestry; and a folk education specialist, After reviewing results of a rapid
survey of energy consumption in sample villages, they voiced questions
such as follows:

How should we proceed from the sample survey to quantitative
estimates of gaps between enevgy demand and supply, by source?
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Grinding and sifting maize, Gorkha District. Nepal. (D, Bajracharya)

What strategies should be adopted to meet these gapsz

Recognizing thateven the aceelerated rural elecoritication progrinn
in the state will not provide power to these areas in the next five
vears, what energy alternatives should he assessed for ground-
water irrigation in food-deticit, water-scaree parts of the arcar

How should the social or opportunity costs of women's and men's
time be evaluated in connection with planting, nurture, id mainte-
nance of fuelwood tots to meet cooking needs?

What teaching and orientation materials can be developed by the
areas science college for aworkshop of village committee members
ard extension experts. to stimuliate participation by rural communi-
ties in the planning process? (Richard Morse, pers, commu, T982)

Six months later, preliminary answers to these quesnions had been formed
and detailed feasibility exercises and resource assessments were underway
(A. Khurana, pers. comm, 1932).

This planning session’s initial focus on energy led the discussion to
related issues of Tood shortages and labor time valuation. Mechanical
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energy came into focus ax the limiting factor 1o new irrigation for tood
production and human energy in its potentiad for more productive re-
source use. Ineffect, energy served the groups as an integrating dimension
for local development planning,

Naticonal Decision Makers

Besides the village and development district, atention to cnergy
extends out through a host of policey, technology, and action agencies —
public and private. Nationally, these include ministries of tinance, plan-
ning, petrolenm and power, energy, science and technology, agriculture,
forestry, and rural development. These agencies pose contrasting issues
for data development and analysis. Decision makers "in different chairs”
sce the choices from their own position.

Planner in energy ministry:

“What five-vear targets have you set for these new technologies?
We must know this to justifv your program.”

Energy research and development director:

“Tean'ttarget. The technologies are still in development and have
not gone through sufticient field trials and demonstrations to serve
as a basis for extension.”

Two years later the research and development director had assumed a
position with a major international development bank. The new dialogue:

Energy ministry planner:

“We are presenting anlan fora five-vear energy sector loan for

research, developent, and demonstration.”

Development bank official:

“Whatis your pavback period?”

(Gary Makasiar, pers. comm,, 1982)

Field trials were still just as uncertain, but the decision-perspective of the
director had changed.
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Scientists and Techno! ».;v Developers

Engineers, scientists, and sysiems analysts in industrial companies, fuel
rescarch and developmentinstitutes, forest products institutes, water
resource boards, and technical universities and polytechnics need data
on resource, demand, and design determinants for improving existing
energy technologies and developing new technologies. Each ot these
groups brings particular knowledge, interests, and judgments to bear in
assessingr energy needs and potential. Yet each lacks relevant information,
techniques, and perspectives held by other professionals.

Morcover, the form and precision of needed information differ sharply
among specialized users at vavious points in the policy and technology
svstenn. Even though fallacies of the homogencous rural group, the
homogencous development project, and dhe homogeneous analytical
proceduie are now widely recognized, the departmental structure of
the policy system makes difficult an assembly of information that would
permit differential responses to local energy needs. Information users in
the energy for rural development communiry are nearly as diverse as the
widely varving ccological and social settings where the primary actors —
the rurai people —live and work.

OBJECTIVES AND ISSUES

Rural energy data collection necessarily requires a clear statement of
the policy objectives to be addressed and the issues 1o be analyzed. These
condition the data required and the methodology to be used (Charles
Schlegel and James Tarrant 1980). Understanding that, we have reviewed
recent studies and methodology papers to observe how specific policy
questions have guided selection and design of researsh methads (see
Appendix ). Thus the book is a learning tool structuved around various
research projects sponsored by different users. Several of these studies
have had narrowly defined objectives. Others have had multiple aims and
scope. Many have been exploratory and eclectic. Noting this diversity, we
identify in Appendix 2 the principal categories of research objectives that
have motivated recent studies. We svstematize below their central objec-
tives and issues.

‘The principal objectives of vural energy research can be defined from
either a local (area-specific) or national position: from micro or macro
perspectives. Even theugh their view points may contradict as well as
intersect each other, in this book we intend to show how research from
these different starting points can be brought together compatibly to
meet rural and national development goals.
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Local Assessment and Organization of Energy Systems to Meet Rural
Development Needs

Attainment by the great majority of rural people of minimum condi-
tions of well-being clearly will require significant increases and changes
in their access to energy. Energy will be needed in suitable forms and
amounts —and at the right place and time —to increase agricultural and
rural industry production, to process and cook more adequate food tor
millions of families, and to provide clean water, sanitation, lighting, and
heat, The community- and environment-specific nature of these needs
is a principal determinant of rescarch methods for their fulfillment.

Assessment of User Needs, Probl  1s, and Priorities. Comprehensive
understanding of energy potential in the context of raral community
needs requires data on supply-demand halances of locally available
energy resources. Innovation through new energy torms and technolo-
gies requires study ol numerous factors. Introduction of biogas technol-
ogy, for example, requires data on the astributes of specific locations
defining parameters for digester design and construction. Sueh attributes
include neighborhood patterns, family size, and other sociocconomic
factovs: avaalable materials for construction: availability of vaw imaterials
to feed into the digester: seasonal and ambienttemperatures: topogra-
phy, Lind form, and fand availabilitv: and water table and subsoil
structures.

The mostimportant information to be developed is in relation o
people’s felt needs. The felt needs of people often are not expressed due
to lack of information, suppressed desives, orlack of purchasing power.
Information collected will have to include existing and projected needs
for abetter life. The cultural and anthropological bases of certain traits
and characteristics also must be deterntined to design a suitable technol-
ogy for actual rural conditions,

Innovation and Development of Renewable Energy Technologies.
In this context, scientists and technologists seek to discover, ereate, and
adapt alternative technologies based on renewable resourees to remove
energy constraints on development. Research concentrates on organiza-
tional and technical barriers to the invention, testing, demonstration,
adaptation, and adoption of new technologies. Understanding the int-
plicitas well as explicit policy environment for the nurturing and exten-
sion of locally appropriate energy technologies is a related concern.
Creation of eftective organizational, financial, marketing, educational,
and maintenance systems to promote the spread of suitable technologies
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connects research and development activities to the meeting of local
needs.

Reversing Environmental Depletion Associated with Deferestation
and Other Biomass Removal. Although the specific relationship be-
tween traditional fuel use and deforestation and bionass depletion differs
greatly from place o place, evidence of environmental damage in many
ccosystems, in some instances with perceived downstream effects, has
resulted in wide concern for mapping and assessing the severity of this
trend. Besides the intrinsie difficulty of quantifving pervasive but often
slow environmental change, causes of the problem are complex and
interwoven. These include competivion hetween food and fuel needs for
scarce kind resources and between wood-based fuels used by industry
(especially cottage and smadl industries crucial to raral employiment)
compared to rapid depleton by logging for timber and pulp. Burning
of antmal and vegetative wastes in some areas can have an even more
miperceptible environ nentad impact, toa crisis point when the organic
humus content of soils is reduced to a nonproductive, mnfertile two or
three percent. The motivating factor in this dimension of energy for
rural development research is the need to grasp these trends and
devise effective afforestation and othier programs to reverse them.

Articulating National and Regional with Local Developinent Policies

Accent on policies enterging from local settings is implied in this set of
rescarch objectives, Diverse rural community energy needs and resources
must be known and appreciated as abasis for formulating regional and
national development policies. National energy policy research agendas
have been motivated by three principal concerns.

Reducing Reliance on Petroleum-Based Energy. 1'he 19705 0il price
shocks and shortages had vinving impacts on farm inputs and outputs
and rurad consumption patterns that reverberated throughout the
cconomy. Dieseloil forirrigation pumps, other stationary engines, and
tractors and transport; kerosene tor lighting and, in relatively well-to-do
houscholds, for cooking: gasoline; and petrolewm-based fertilizers are
mputs required in different proportions and at difterent periods of the
vear among rural regions. Comparative encrgy supply options, energy use
mixes, and future energy demand potentials ave issues arising from these
impacts. Inseeking wavs to mitigate these impacts and uncertainties,
policymakers fuce issues such as shifts in the relative supply structure
of fossil und renewable fuels: competition for energy resonrces (¢.g.
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Deforestation stage, Gorkha District, Nepal. (D. Bepracharya)

between household and agricultural uses, urban industrial and rural
tuses)a potentiallv growing demand for higher quality fuels during

developmentzand appropriate price policies as signals to preferved

paths of conservation amd substitution.

Establishment of Baseline Data to Determine National Energy
Program Priorities. |'he principal data and inform:ion required for
rural energy demand projections and supply planning are those that
could explain accurately and signiticanty patterns of houschold charae-
teristics (income, Lumily size, occupation, education) as related o distinet
patterns of fuel consumption by mmount, by tvpes, and by purpose,
Information onenergy flows and requirements tor agriculiure, process-
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ing, transport, and rural industry at village (local), regional, or national
scale is also required. For a miore detailed analysis involving development
and equity goals, social preferences, or other behavioral aspects, studies
would be necessary about variations among villages and regions in
potential energy resources, supply constraints and opportunities, relative
prices of fuel types, and even cooking or other fuel use habits, as well as
eflficiencies in the uses of {uel.

Integrating National Energy and Rural Development Policies. Many
interacting strands of local, farming system, and sectoral issues can be
aggregated from two principal policy perspectives: rural development
and energy. Eftorts to systematize research in this field have started from
both perspectives. Angles of view can be illustrated as follows:

Rural
development
polcy Energy
1 / demand
Nationat Other pohcy arcas en ;
development eg food trade " lnerg); or .
objectives environment ural Developmen
& / \ Energy
i
Energy supply

poitcy

This simplified chart may prevent neglect of any important analytical
dimension. Demand management, for instance, is relevant to issues of
supply development. One may approach the problem from either per-
spective, but integration can only be obtained by evaluating both.

The newcomer or “unknown” in the chart is energy for rural develop-
ment. This is the research problem identified by researchers who met in
February 1980 at Chiang Mai, Thailand, as most important: “to assess the
energy needs of rural people in the context of energy vesources in order
to gain better understanding of policy and technology requirements for
advancing rural development objectives” (National Research Council and
Resource Systems Institute 1980). As countries move from the historic
energy changes of the 19705 into the mid-1980s, what is happening?
What is changing? As countries reassess the lack of success or the “mis-
takes™ of rural developmentefforts, which institutional and organizational
innovations are being tested? Which are proving effective?

WHAT DO WE KNOW?

‘ariation in social and tarming conditions that determine energy uses
and sources is great, and studies to discover regularides are still only
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infant. Advantages of knowledge are with the rural dweller. Rural pro-
ducers and users of energy possess knowledge about existing amounts,
forms, and auributes of energy, and about needs 1o be met. The specific
knowledge they have is the basis for their assessment of potential changes.
Local organization to use and reassess this knowledge in the light of new
information on development opportunities is the subject especially of
Chapter 7 in this volume. This may entail a mutual learning process, the
researcher raising new quesiions and adding new information. In that
process the resea cher learns about specific conditions that shape this
local knowledge. T'he process of generalization requires relating these
conditions to specific local facts, so that local knowledge can be adapted
to other contexts.

Local Knowledge Advantages

The kinds of knowledge that women and men in rural arcas have on
energy use and resources ave listed here, indicating the rural groups
holding special advantages.

Knowledge holders Kinds of knowledge
and generators and advantages
Landless families Collected fuels: wood species,
parts, attributes: animal dang,
Farm laborers torage and grazing paths; crop

residues, green vegetation,
depletion. Collection rines,
distances, units of measure.
Artisans: smith,
carpenter, potier,

weaver, woodsman, Alternative carning opportunities:
leather-worker variability, risks, trade barriers
and inequities, wage negotiating
Service: midwife, factors, implicit valuations.
tailor, barber
Marginal and subsistence Inferior grains and fuels; residue
farm families uses and substitution; animal inainte-

nance and services: food and fuel
uncertainties; coping strategies: labor
and wage terms.
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Small- and medium-farm Crop rotation; irrigation; storage;
families animal power, fodder, transport; dairy
practice; market variations and
barriers; cash management: petro-
leam products, diesel and kerosene;
electric power connections,
Large-farm families, Cash-crop specialization; fuel
landlords purchases; tree and grove manage-
ment; labor trends, hiring, work
organization and supervision; mecha-
nization; marketing: supplier and
bank credit; petroleum products,
lubricants, gasoline.
Agro-processors, traders Stocks and storage facilities; rruck
and rail transport; crop futures,
margins, arbitrage; fuelwood market-
ing; machinery supply, repair and
maintenance.
Village and district Selective data on above categories;
officials approximations of range and distri-
butions; secondary data.

Much primary information of this kind is in local terms and units of
measure. Many of these terms pertain to barter and in-kind transactions
not altogether visible in the price cconomy. Estimating the magnitude of
this unpriced zone and its terms of exchange requires close familiarity
with these local knowledge generators. Daily, seasonal, and yearly varia-
tions also must be understood.

Much of this knowledge is inforinal, moreover, and expressed mainly
in action and in half-stated conversation —or silences. Observing and
sharing these nuances as a meniber of the community (as a participant
observer) is often the only means of discerning the inner facts or values
and of appreciating their neaning.

Differences and Similarities

Sharp contrasts in energy availability and use often exist among groups
and villages within a single region. Shushil Agarwal (1981) found that not
only did the composition of biomass cooking fuels vary markedly in five
Uttar Pradesh villages, but the average per capita energy consumed in
food preparation differed among villages by a factor of more than two.
Bajracharya (1980) observed substantial differences among ethnic groups
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and settlement clusters in agricultural productivity, per capita food
intake, and fuel use patterns within a rural panchayat in Nepal. The total
area of this panchayat is less than 14 sq km, with a population of about
3,000 persons at the time of the study,

Numerous additional instances could be cited, The pointis that in no
country does “rural” sigaify a uniform geographical area inhabited by a
homogeneous mass of individuals and families, And justas “rural” Jacks a
tixed, specific meaning, so a program of “rural development™ must, if it is
to be successtul, be capable of adjustment and modification as variable
circumstances dictate. One of the national planner’s most perplexing
dilemmas, therefore, is to find ways to formulate plans and programs that
suit the country in general and yetaccommodate different and varying
local needs and conditions.

Despite substantial heterogeneity within and among countries, how-
ever, some general characterizations about rural energy in developing
countries in Asia are possible. Here is a list of a few of the major ones and
some of their more obvious implications.

I. In most of the region, the largest single fuel requirement in rural
areas is for houschold use, primarily cooking. The household sector may
account for 6070 percent or more at the present time. Although this
proportion will doubtless decline, households will continue to dominate
the rural energy picture for some time to come.

2. The most important fuels for houschold use ave the various forms
of biomass, including firewood and charcoal, animal dung, and Crop resi-
dues plus other nonwood vegetation. The energy contained in traditional
biomass fuels is most commonly released through direct combustion,

3. Ruralenergy systems in developing countries are typically small-
scale and heavily dependent on local resources. Partly for these reasons,
and partly because such a high proportion of total energy is used directly
on the farm or in the household instead of in transport and other inter-
mediate stages. most of the decisions relating to the procurement and use
of fuelare made divectly by individual users, and very often by women,

These general characterizations suggest that some form of biomass
system will continue to be the most usual means for supplying local
energy requirements, at least until more direct applications of solar power
become economically viable. The most important reason for this is that
biomass is the most abundant and readily available local energy resource.
This fact has direct implications for data gathering required for effective
planning and for the selective introduction of energy technologies
appropriate to local conditions. National ofticials usually know with some
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Tending the burning rate, indoor stove, Sri Lanka. (Kirk R. Smith)

accuracy the total amount of petroleum products consumed over one
vear, but they seldom are able to say where or by whom these products
are vsed, exeept by tracing this information through records keptar the
primary ineersections in the distribution svstem. Henee, dativon commer-
cial fuels ar- wopressively ess available and less reliable as one moves
toward an o - dis irgregated picture. With biomass tuels, precisely the

reverse s u Aggrerate or representative figures ordinarily must be
built upor < v olated from rural energy studies and most of the results
can be app e atistically onlv to averv resiricted geographical areaor

subpopulat... .

In addition, biomass fuels are far more variable in their physical
characteristics than kevosene or diesel. The nature of production and
conversion processes for these latter fuels assures highlv homogencous
products with comparatively constant heating values, presenting no
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serious problems of accurate measurement. By contrast, biomass fuels
vary greatly in physical characteristics, moisture content, and heating
values. The mix of biofuels normally differs substantially from household
to household and, within households, may vary from season to season or
even day to day.

THE RURAL ENERGY PROBLEM

In many areas, development by small-farm and landless families who
live in marginal or subsistence conditions is the subject matter of energy
for rural development research. Actions by people to change their
organization of resources and technology in order to improve their
material conditions are the desired results of research, and facts geared
to those acts are the research tools. But the establishment of facts in non-
monetized or partly monetized sectors, where both ecology and the
dynamics of human work result in differential access to resources and
differential etficiency in energy use, is a research process in a partly
hidden, changing arena.

The ruralenergy problen then, centers on rural people’s ability to
transform institations and resources, including energy, to overcome
poverty and enhance productivity. The problem may be conceived on
three related dimensions:

[. Structural relations between rural poverty, resources, and social
organization;

2. Differences among resource holders and income groups in efficiency
of energy use. Efficiency iand productivity difterences are influ-
enced by Incation and ecology, as well; and

3. Contrasts and transitions between subsistence and commercial
energy resource management and exchange, linked closely 1o
farming svstem transitions and often involving resource and income
distribution changes.

Transitions from subsistence to commercial exchange are related to
infrastructure development within and between regions and to changes
in negotiating power between villages and central places within each
region. Policies originating from community initiatives intersect here
with formation and implementation of regional and national policies.

Rural Poverty and Resource Access

‘The development process of the subsistence condition diflers by
country, culture, and region (Shigeru Ishikawa 1981). Ecosystem charae-
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teristics determine the potential amounts and forms of energy available
per unit area. People’s transformations of these natural systems in local
farming systems determine how much energy is available per person
and to what degree overall availability of energy is problematic.

The farming system, as defined in this book, is a relationship between
social and organizational factors, including distribution of resources and
benefits, and decisions and actions by men and women to choose, work
with, and modifv crop, animal, and forest production activities and
technologies using the resources of the local environment. "The social
nature of resource rights and the distribution of Lnd, water, trees, and
livestock among tamilies and settiements allocate the supply of energy
differentially amony the various encrgy forms. Such allocation

o Constrains or governs family decisions on production and gather-
ing of biomass energy resources, and on purchase of commercial
fuels;

o Determines Eamily surpluses and delicits: and

o Influences intratamily, interfamily, and interneighborhood
energy exchanges.

Such allocation also

» Creates apparent surplus or waste energy resources in some
neighborhoods and deficits in others;

o Establishes marketable surplus exchanged outside the neighbor-
hood and local arca: and

« Determines the proportion of energy transactions occurring
through mechanisms of price and market exchange.

Measurement Problems in Subsistence Economies. Measuring scales
for subsistence conditions are difficult to define and not uniform. For
example, changes in distance walked to collect fuelwood are used in
certain energy studies as indicators of scireity. Estimates of this sort must
be done with care, or they may lead to wrong conclusions, A snapshot
view rather than a moving picture over time can be one source of such
mistakes:

Researcher A (from Asia):

“When some Afrvican energy studies state that women carry 20
kilogram headloads 15 miles cach day, it is overlooked that the net
energy requirements for this work cannot be obtained from the
normally available 2,000 kcal of daily food. Data either for the
food supply or the fuel collection should be reexamined.”
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Researcher B (from an East African city):

“When you actually see young girls and women wearing their bodies
down and dying atan early age from carrying these loads, you
realize that the numbers are correct and that these women are
simply using up their energy capital.”

(Morse, pers, conun,, 1982)

In many areas with rising population-to-land ratios and increasing
biomass depletion, transition to negative resource/need balances is the
prospect. What kinds of indicators —burning of rice straw; burning of
dung —can identify and assess such depletion?

Constraints influsncing the choice between providing cooked food
to people or to animals are experienced in some areas. In Nabagram vil-
lages, most families feed the gruel formed by cooking rice with excess
water to cattle and poultry after mixing it with bran. Poor families,
however, consume the gruel as part of their own diet; often, they do ot
have an animal to feed anyway (Nurul Islam 1980). How is a value to be
placed on gruel, when it serves such different purposes from one famnily
to another?

Need and Scarcity Assessment. Need is a commonly used and under-
stood word, but difficult 1o define with precision. People do know their
own direct needs best. However, they may not conprehend the conditions
mfluencing their needs or be able to assign values to these conditions,

How people adjust or mitigate their situation when they lack energy
resources indicates need. In certain seasons in Bangladesh, some rural
families are not able to obtain fuel to cook more than once a day. Thev dig
up roots from dead trees or cut excess amounts of live wood from com-
mon forest land. As veported in Chapter 2, these acts have contributed to
soil erosion and loss. If families are torced 1o trespass on others land and
trees to obtain tuel, how should this be imeasured in terms of need?

In Java, the poorest families consume less fuel becanse thev consume
less food. This is clear evidence of what can be called suppressed need for
both for dand fucl. They find enough energy o cook the food they have,
In some villages, minimum Tuel sieeds are met by sharing among house-
holds. Theve, by custom, well-to-do families often permit other families
to collect branches and twigs from their land and trees (Hadi Soesastro,
pers.comm,, 1982),

Scarcity takes many forms. Seasonality is often a major factor. In
Serang, Indonesia, access to lorests during the rainy season is difficult.
Wood supply falls; prices rise to 6070 percent above the dry season
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price. Some years back, the rise was steeper. Then a widow set up a

new business, buying fuclwood in the dry scason, selling it in the wet.
Her entry into the market and arbitrage across time reduced the degree
of seasonal scarcity and price fluctuations, Even at that, wet season
prices curtail access to wood by the poorest groups (Soesastro, pers.
coninm,, 1982),

Identifving and evaluating scarce resourees is an important step in
assessing local factors that limit increased productivity. Itis also an
important step in allocating development investments among different
areas, according to where and how far input scarcity curtails development
or prevents attainment of basic needs.

Energy Efficiency, Values, and Intermediate Conversions

Families who may not be able 1o obtain sufficient food and fuel for
daily needs are, in many rural arcas, among those forced to use these
resources less efficiently than available technology permits. When women
are engaged in farm operations, as during peak sowing, weeding, and
harvesting scasons, the time devoied to cooking activities may be more
critical than saving fuel. To save cooking time, they use more fuel. Similar
tradeofts between fuel and time are found in urban houscholds. Use of
general-purpose stoves that accommodate inferior biomass fuels as well
as high-quality fuclwood is another example. Design needs ol actual users
must be the basis for stove improvement programs, as demonstraied in
Chapter 8. Butif; at the same time, better firewood supply was assured,
designs could lead 1o greatefficiency. People’s evaluations of these options
and social measures to assure against their risk ave essential components
for such conserving steps.

African energy studies report that in some places women passed by
large trees (which would require chopping), and cut smaller diameter
trees farther away. Fhat practice reduces net future growth. In other
areas, trees are ring-harked prior to felling. In a direct sense, this is more
energy efficient than slash-burn cutting, but nutrients are lost to the
soil because the ringed trees lose feaves.

Practices like that provide evidence that energy efficiency differs
among ccosvstems and between different groups witnin farming systems,
Differences in forms and efficiency of energy use have cause and effect
relationships with differences in availability and scarcity of physical
resources, landholding siructure, farming practices, and task and time
allocations among men, women, and children. Many variables influence
these energy relationships in crop-animal-forest systems. Changes to new
forms of energy conversion will modify those relationships at countless



22 Rural Energy to Meet Developmemt Needs

points of end use —in such tasks as cooking — and also at intermediate
stages where energy resources are converted into fuels, as well as where
fuels are converted 1o forms or transterred to places for application in
end uses (Kirk Sinith and Michael Santerre 1980).

For purposes of technology design and selection, energy needs can be
divided into these categories: medium-temperature needs (e.g., for
vooking); high-temperature uses (for pottery and smith work); mobile
mechanical energy (for agricultural operations and transport): statonary
mechanical work (for pumping of irrigation and drinking water, food
processing, and small industryv); and cooling uses, like refrigeration.
Changes in conversion technology are motivated by design goals such as
increasing energy density (making fuels more homogencons and casier
and cheaper to transport); improving its quality (e.g., by providing heat at
higher temperatures); increasing its utility and flexibility (e, by using
more versatile fuel such as electricity instead of dung): and by making it
more convenientand safer (hy avoiding pollutant effects, for example).

The scale and location of energy exchanges ave also altered by these
changes in conversion technology. Consequently, the capadities of differ-
ent people at different places to initiate or control energy supply and
transformation are atfected. "Systen houndaries” for the study of energy
in rural development must be defined not simply to anticipate technology
change, but more significamly to appreciate the social potential for
accomplishing such change and who wit" benefit and where. Potentially,
these gains in efficiency and related p oductivity offer new added values
that rural people, through active planning and organization, can use 1o
improve their quality of life and to create assets tor their future.

In attempting to compare efficiencies, care must be taken to treat
energy flows from different sources consistently and 1o express the
compared flows in the same wits, as “energy use per unit activiey™
(Resource Systems Institute 1980). 'Fhese “energy indexing™ probleins
cannot be addressed within the scope of the present book, but should be
recognized in qualifying discussions of efficiency. Indexing issues include
the definition and measurements of activities: What are the various
functions performed by stoves, tor example, and how can nonmeasurable
functions be compared? Indexing questions also include the identitica-
ton of consistent system boundaries, especially when comparing energy
sources that involve different conversion methods or transport require-
ments. A related question is wheve in the fuel evele should measurenient
of energy flows occur: at the source, at the point of conversion, or at the
pomtof nse? This latter question greatly affects the local-versus-regional
incidence of energy transitions and their measurement.
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Regional Transitions: From Subsistence to Commercial Exchange

The patterns of changes innansitions from subsistence farming and
fucl gathering to conmerctabagricalture and fuels have many variants.
Demand and supphy factors are like v to change ac ditterent rates. This
complicates inflows and outflows of cnervgy and other commodities in
form, quantities, and values, Teattecrs lind ase and distributive relations.
Eftects on the poor are often negative. at leastiniatlyv. The following
scenario freauenth observed in javieotters signs ob whatwo wateh for
regarding energy access by different groups,

Access 1o new roads rses marketed shares of Larm produce. Advan-
tages are gaimed by those who e able to obtain new imputs such s
irrigation and fertitizer, Land values vise, Landholders wid greater
marketable surptos ave able to buy move land. Outside speculators also
buy Land. The poorsell I five towen vears, land diseribution characteris-
ticallv becomes more unequal. Fuel demand stracture also changes,
Those with higher incomes are able to buv more kerosene and fireweod,
Firewood is traded more and more as acommercial encergy souree. s
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seen in regions of central Java, urban and industrial access to firewood
increases, making rural scarcity more severe. When energy supply
worsens, labor's shaie goes down.,

For energy in such transitions to have a positive role, it inust contribute
to higher productivity and emplovment. In Java, occupational and skill
developmentand rural industry expansion are key factors at this stage. Is
energy abottleneck? A study of central Java fuel-using industries found
the main constraint to be supply of raw materials, not cnergy divectly,
Rising firewood prices and lower fuel quality, however, were adversely
aftecting productivity and quality ofoutput. Insofar as rural industiy’s
demand for crop residues also increased, the ability of the poor to obtain
these traditional supplies worsened. The rate and extent of new cmploy-
mentcreation, ina national context of the race between income and
prices, determines whether the purchasing power of poor groups will
rise adequately to oftset these elfects (Soesuastro, pers. commni, 1989).

Converting the Problem to Opportunity

Chorkate residents, after agreeing on their priority need, moved to
assess and mobilize resources to ereate a new cooperative body and a new
local energy technology. Policy and resource support were provided by
the national government, energized by the community facilitator. The
conmmunity’s structuring of assets and commitments, indeed, led o policy
adjustments in the external system, through initiatives of the develop-
mentagencey and bank. That experience exemplifies a paradigm for
cooperative rural study and action. Aspects of the rural cnergy problem
Justreviewed —resource aceess, changes in cnergy efficiency, and transi-
tions from subsistence conditions — add o the dynamic nature of tha
paradigm. The stage is set in this way for the policy and technology issues
addressed in the book, and for a consideration of rescarch methods
bearing on these issues.

REVIEW OF METHODS

Methods developed and used 1o colleet information addiessing these
complex issues are

Structuring and Interpreting of Secondary Data
In most countries, great quantities of information are gathered for

administrative units at the scale of a village, cluster of villages, district,
and state or provinee. Such existing data, although often underrated, can
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usually provide a starting point for identifying critical issues or aveas.
The compiling and scrutiny of such data in forms relevant for problem
identification is a fundamental step to selecting population groups and
areas for in-depth research. With little added expense, yet with close
attention to problems of definition and measurement, patterns observ-
able in secondary data can be used to test how far and in what respects
the findings from local studies can be generalized to wider areas.

Structured Surveys

Formal (structured) interviews using pretested questionnaires can
furnish primary data on individual households or villages. Physical
measurements of actual fuel consumption by houscholds and biomass
potentials of homesteads are often components of such survey schedules.
The scope and extent of a survey are determined by the breadth and
depth of the research objective. Structured surveys are used mainly to
obtain numerical data with measurable accuracy and significance. They
are nneertain as a means of collecting nonstandarized data and are very
difficult to conduct.

Participant Observation

The vesearcher or surveyor participates in local activities and in
informal discussions with the local vesidents and observes their daily
activities in that locale fora cevtain period, preferably a full year. This
method increases the human contact and level of understanding between
surveyvor and respondents, thus facilitating the exchange of information
regarding nonquantified data, including telt needs, preferences, and
priorities. Participant observation may provide a starting point in design-
ing or conducting a structured survey.

Participatory and Action Research

This approach nsnally begins with participant-observer involvement in
regular village meetings and direct interactions with the village commu-
nity. Active community participation in the research process is often
encouraged with this approach, in which the reseavcher perfors as both
imterviewer and facilitator, Action research in the rural energy context
usually is applied to “internalize™ and integrate the process of technology
developmeut and implementation ina particular village community or
area. In other words, action research is meant to promote interactions of
the three principal parties, namely, (a) the energy user, (b) the technol-
ogy desiguer, and (¢) the support agencies (public or private).
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Field and Laboratory Experiments

Together with structured surveys, participant observation, or action
research, experiments or tests may be conducted to measure actual field
conditions, such as efticiencies of cooking stoves or illumination of
kerosene lamps. Major parameters affecting fuel use efficiencies canbe
identified and at least partially replicated in the laboratory.

These methods and approaches have been variously applied and
combined in recent studies. Some methods facilitate greater insights into
energy problems in particular settings but are not casily generalized tor
other settings. Others help researchers or decision niakers clarify a
general situation or issue butoften are ineflectualm specific cases. For
cach research objective, adesign of methods that adequately accounts for
the main parameters relevant to other objectives could greatly enhance
the usefulness of research both locally and nationally. In other words,
research designs should allow for integration of micro and macro per-
spectives. For example: (a) results of Targe-scale structured surveys can be
interpreted more accurately with the help of findings from participant
observation or action rescarch with complementary designs: (b) sites for
thorough study of particulir problems can be selected more precisely
by taking into account the results of large-scale structured surveys.

To guide such design and selection of methods, we summarize next the
principal lessons of Chaprers 210 10 on definig research objectives and
scope and on matching reseirch methods to these objectives.

STRENGTH THROUGH DIVERSITY:
COUNTRY AND TECHNOLOGY EXPERIENCES

We present in Chapters 210 6 five country studies thai permit a look at
national policy settings for fuel substitution and conservation as wellas
for energy technology development.

T'he objective of the pioneer study that constitutes the core of Chapter
2 (on Bangladesh) was the assessment of user needs and resources as a
basis tor technology development. Structured intevviews, guided by
participant observers, were conducted inall 2,820 houscholds of 23
villages in a contiguous rural area. Energy resources and use in both wet
scason and drv season were assessed. The chapter assesses biogas poten-
tial for domestic and agricultural uses in this rural environmentand sets
the factual stage for Chapter 8, on user-oriented design and development
of improved stoves.

In addition, Chapter 2 reports a companion study ina contrasting
rural avea and analyzes the quite wide disparity in houschold tuel use
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found in these two microstudies. In turn, those studies are compared
with two aggregate Bangladesh energy studies and two structured
regional surveys centering on biomass, The chapter shows that wide,
unexplained divergencies persist in the findings of rural energy siudics in
Bangladesh to date. These divergencies, unfortunately, are completely
ignored in a recent reprise of the carlier study (Russell delLucia, Heury
Jacoby, and others 1982) that revives an uncduly low estimate of Bangla-
desh firewood consumption. Chapter 2 assesses methods used in each
study, and suggests methods of approach to overcome present deficien-
cies in basic rural energy data,

‘The rural energy survey in West Javasummarized in Chapter 3
focused ona specific energy policy issue, namely, the effects of kerosene
subsidies on equity and on kerosene substitution for lirewood in house-
hold uses. With this focus, the study ulso contributed to a larger project
on energy and income distribution. To examine the effect of varving rural
conditions on the policy issue, the survey was designed to cover a svstem-
atic cross-section of rural localities. Questionnaire interviews and fuel
measurements were conducted in 533 houscholds distributed among -40)
villages and 5 districts. Sample selection factors included district charac-
teristics, village typology, houscehold income, and household size.

A principal methodology conclusion of ( dapter 3 is than, for the region
concerned, the administrative district is not i suitable samnpling unit for
studying biomass-fossil fuel interactions. Feological areas (e.g., a coastal
village close to forestland, or a coastal village close to agricutural sites)
would represent better those resource, socioeconomic, and spatial factors
that are important to determining rural cuergy sources and use. Other
moditications of scope and method are recommended for future energy
and rural development policy studies.

The chapters from Bangladesh, Indonesia, the Philippines, and
Thailand (2 10 5) facilitate a review of the use of structured surveys in
such national policy studies. The strengths of structured surveys in
achieving broad coverage and in wdentifying major regional variations in
energy resource and use patterns are brought out. Limitations of the
survey method without complementary rescarch, in not serving to
establish rural needs and priorities, evaluate noncommercial energy uses
and resources, or match technologies to user needs, are also evidenced.,

Chapter -f summarize: a nationwide rural energy baseline study
carried out in 1978 by the Ministry of Energy of the Philippines. The
main purpose of the survey was to establish a first approximation of * How
much of what form of energy was used in which region for what purpose?”
‘The survey, administered in conjunction with a nationwide census of
annual household expenditure, also examines whether selected socio-
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Regina Santerre adjusting smoke exposure meter, Svi Lanka. (Kick R Smith)
cconomic variables significanty influenced energy consumption patterns,

Another rural cncegy baseline survey of 2,000 households distributed
among 200 vulages and 24 provinees of Thailand, designed to represent
the entire conntry, s reported as the core of Chapter 5. The survey was
undertaken by the National Energy Administration (NEA) of Thailand in
1980, The discussion of the survey findings is setin the context of Thai-
fand’s rapid agricultural developmentin the past decade. Recognizing
fand and energy constramts as well as the need for greater progress
toward cquity i raral development, the chapter summarizes regional
cnergy flow balances, regional energy use in agriculture, and energy use
by size of farm i cach region.

The hailand chapter also reports dataobtained throagh local studies
in different regions on characteristics of firewood and charcoal use in
different stove tvpes. This illustrates how information obtained locally
from users of energy resources and technnlogies can be combined, in
hybrid form, with national or regional survey data to make preliminary
estimates of Tuel substitution potential. T'he chapter conclndes that
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further microscale studies using regional agroeconomic attributes as

a framework for analysis will be required to bring national social and
economic development objectives to bear on energy technology develop-
ment and energy conservation.

The use of survey research in a participatory manner as a vehicle of
integrated rural energy planning is exemplified in Chapter 6. Experi-
enced researchers engaged and trained voluntary interviewers who
carried out approximately 80 percent of survey work covering all 10,200
households in one development block and 7,900 households in a second
block in the state of Bihar in eastern India. The two arcas have distinctive
ecological and agroclimatic conditions and exhibit different energy prob-
lems and priorities. Candidate energy technologies and implementation
approaches are presented.

Lessons of the participatory, microregion studies described in Chapter
6 provide a bridge to Chapters 7 1o 10, which presemt approaches to
assessing the viability and acceptability of new energy technologies in
rural settings. Rural organization for assessment of local needs and
selection and implementation of new technologies is the focus ot Chapter
7. The next three chapters assess technologies used primarily —but not
only —for domestic cooking needs: improved stoves, fuelwood plantings,
and biogas systems.

In Chapter 7, the author documents his action research experience
involving community participation in needs assessment and technology
innovation in a Nepal hill village. The study area, Chhoprak Village

anchayat in Gorkha District, has an ecologically distinguishable popula-
tion distribution by caste: the Kumhals are at the low elevation: Brahmins,
Chhetris, Newars, Sarkis, and Kamis at the middle elevation: ana Gurungs
at the high elevation. The chapter contrasts community-based action in
Chorkate by the Kumhals to assess and organize biogas installations with
decisions by individual houscholds in the midelevation community to mstall
improved stoves. Social, technological, and ccological factors in this
differentiai response, as well as the unwillingness ol the Gurungs to act
responsively to new technology opportunities, are examined.

Field-based assessment and development of improved stoves are
reported in Chapter 8. This chapter undertakes to develop methodolo-
gies lor evaluating stove types and to identity factors mportant in design-
ing programs for development and extension of miproved stoves. Women
who make and use their own stoves are the ultimate decision makers.
They are the ones who can be expected o guide design and determine
acceptance of improved stoves. The chapter describes methods for testing
stove performance in actual use conditions as well as in the laboratory.

Chapter 9 discusses the introduction ol tast-growing, multiple-use
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fuelwood species that can be grown both by individual families and on a
neighborhocd or community scale. Methods for assessing local firewood
needs and for matching species selection 1o land use, soil, and other
cultural conditions are illustrated with cases from Indonesiaand Bangla-
desh. Representative yield rates for important species on typical sites and
with different silvicultural methods are indicated to faciliate project
appraisal. Species providing fodder as wellas fuelare examined. Steps to
combine continuing experimentation with in-village and on-farm fire-
wood production programs are presented.

Chapter 10 demonstrates assessment methods for both houschold and
community biogas plants, with an analvtic framework and numerical case
examples that an extension agent could apply in helping a famils or group
of families gather data tor lecal assessment. The FLER'T procedure for
resource and technology appraisal of biogas systems (Santerve and Smith
1980) is presented in summary form. The chapter develops scenarios and
sensitivity analyses including cach principal vaviable atfecting tl:e finan-
cial viability and attractiveness of family and community biogas systems.

ENERGY AND RURAL DEVELOPMENT: TOWARDS A SYNTHESIS

Chapters 11 and 12 focus on rural residents” needs for information as
inputs to local planning and on the integration ol local and regional
analyses to address national policy issues and development objectives.

In Chapter T, the cooking sector is used as the entry point for under-
standing tood-tuel links. Inlormation compiled from previous research
clarifies the tactors involved in estimating fuel efficiencies and require-
ments and in assessing cooking fuel sources and access. Work and time
allocation by farm family members, especially by women in fuel collection
and related food preparation activities, are indicators for assessing
opportunity costs and more valued options (including child care) for
labor activity. Regavding organization of and and work, the chapter
illustrates how to use aset of indicators to identity evitical initing factors
and new resource opportunities in the local farming svstem. H people in
local communities contribute their own knowledge in developing and
using such indicators to assess and improve resonree use, such local
assessments can be connected to the shaping of regional and national
vesource assessments and policies. Regional diffevences among farming
and bioresource systems can also be assessed through such indicators.

Chapter 12 addresses priorities, designs, and methods for continuing
research to promote improved energy options meeting rural development
needs. Energy needs tor the agricultural, agro-processing, ruril industry,
and transport sectors are addressed. For effective develemment to oceur,
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technology end uses in these sectors must be meshed with domestic
energy needs. Discoveries of new resource mixes and systems demand a
new research style capable of contributing to this integration of house-
hold and agricultural needs.

Development Research Goals

Lessons drawn from the various cross-country experiences demon-
strate the potential for local transformations in human and physical
resource use, ina development process that enhances equity while pro-
moting greater productivity. A principal goalof development research is
to strengthen people’s ability to make these transformations, Develop-
ment research has the role of helping rural people. especially those with
the most acute needs, learn how 1o build upon and adapt their present
knowledge to gain new initiatives in decision making and new advantages
in negotiating with outside groups.

Energy and rural development, understoord as imolving people’s
decisions on distribution and allocation of work as well s other resources,
are integrally connected in the framework ol rural energy and farming
systems. Inthe energy and farming svstem context, farm families and
other rural community members need methods and information to

¢ Improve their knowledge of food-fuel links and ol new opportunitics
for greater productivity in crop, animal, and forest resources:

¢ Identity crucial factors that limit or block production increases and
determine how to overcome them:

¢ Invent new ways of organizing and allotting work activities, to add
value and shave benefits more equitably;

* Evaluate alternative energy technologies, both by contributing 10
their design and by operating, testing, and modifying them as
required to fit particular daily and seasonal conditions; and

* Reatize economies of scale and of transactions in food energy
resources through appropriate group and community organization.

Cooperative rescarch methods that enable village residents to join
with scholars in generating facts relevant 1o needed innovations, in
assessing new resource and technology combinations, ind then in
organizing and testing them in practice, are the foundation of the new
energy for rural development agenda we propose in Chapter 12, This
agenda encourages rural people, in cooperition with development
mstitutions, to identify realistically their needs for energy and their
means for fulfillment of those needs. Social, allocative, and technologi-
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cal learning and policy guidelines would be fostered by the specific
methods chosen to implement the program.

A New Energy for Rural Development Research Agenda

The development rescarch agenda outlined in Chapter 12 provides
for integration of various research methods to meet rural energy needs.
The research orientation can be described as “village-outward” (see
Andrew Vayda, Carol Colter, and Mohamad Brotokusumo 1980). Tested
methods of village and microrvegion rescarch, combined with regional
and sectorai analyses, would be linked with national energy planning
and policy formation. Success in three rescarch styles exemplified in
chapters of this book instills confidence in the new rescarch commu-
nity's capacity to achieve such integration. These are (1) action research
in specific rural areas, with lively community involvement (Chapter 7);
(2) commumity-based energy needs assessment linked with farming
systems research and development, incorporating the sondeo ov gaun
sallah method of understanding problems of specific agrochimatic zones
and adapting that understanding to the circumstances of other zones
(Chapters 2,6, 7, and 12); and (3) rural energy policy analysis through
careful definition of issues and methodical selection of sample study
areas and households or farms to represent socioeconomic conditions
and ecosystems relevant to the policy issue at hand (Chapter 3).

Participatory Local Research. Village information needs and those
of district planning and development agencies would be met in the
proposed program through local energy and farming systems research
and development. Community groups including tarm and labor families
would engage with interdisciplinary research teams in appraisals of
critical energy constraints as well as new potential linked to farming
activities. First attention would be divected to classes of need, including
cooking, irvigatioa, farm power, agro-processing, ruril industry, trans-
port, and health. In cooperation with researchers, area residents will
organize and monitor technologies identified in this diagnosis stage as
ready for use ortrial.

For more complex or uncertain systems considered to have promise,
local sponsors will conduct feasibility assessments with guidance by
rescarch specialists. As more structured research s defined, the re-
search team, with active local participation, would assess larger energy
system and resource development opportunities linked with farming
system potential. New ways of organizing resources and distributing
benefits of added values would be fostered, as suited to these
innovations.
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Policy issues avising in these local assessments will frequently call for
more broadly based rescareh, for which participant observation would
establish the basis for structured surveys within the Farming svstem,
Examples illustrated in Chapter 12 include the effects ol Tuel deficits on
nutrition and capacity for work and the requirements ol small and
transitional farms for energy in various forms for more productive crop
combinations. ‘These studies, apart from helping participating rural
groups progress toward their development goals, would be linked with
wider policy analvses.

Regionalization of Renewable Energy Research. Information needs
of nationaland vegional decision makers responsible for allocating
program resources io different regions and technologies would he
served by the progrim’s next phase: enhancing raral advimtages in
regional energy transitions. Systemic analvses would guide identifica-
tion of geographic areas for extension and adaptation ol successiul
energy svstems. Analvses ol energy end use and conversion technologies
would define aspects of change in energy density, quality, and utility that
influence related cconomic factors of scale, end use application, trans-
porteosts, and locational advantage, Ruval communities and CHECTprises
would be assisted, thereby, in building on their information advantages
i local farming svstems to discover and invest in promising new energy
technologies.

National Research Priorities. National development goals and
constraints in cach country will progressively determine new cnergy for
rural development vescarch priorities. 1o provide more adequate and
systemic data for continuing policy review, we recommend that basic
rural energy categories be included in periodic national censuses or
statistical surveys. A vital supplement to such data series, however is
required for nonmonetized and subsistence rural energy use and
transactions. Special periodie survevs guided by participant observation
are reconmmended to meet this policy information need, Geographic
attributes defined through farming svstem and regional analvses would
contribute 1o sample design,

National policy agencies, it is clear, will huild cumulative assessments
ofrural energy potential and its contribution 1o rural gaals from these
basic agendaactivities. Specific poliey studies, illustrated in Chaprer 12,
would be selectively conducted 1o address critical issues as they emerge.

The new energy for rural development agenda addresses the needs
of most rural citizens where they live, in terms they can define, and
through measures they can actively influence. Itis designed to assisi
researchers in formulating, as well as research users in sponsoring,
result-oriented energy assessments. Three principal decisions ave
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central to its implementation. One basic principle to be decided upon is
the progressive founding of rural energy 1esearch and development in
the lives, social organization, and locations of rural people. Next, to
support this momentum, priovity for vesearch and development funding
of ingtitutions located in principal farming regions would he necessary.
Local and regional institutions will require tlexible budget and organi-
zationa! support to achieve the combined social science and technology
research capabilities projected in Chapter 12, The thivd policy principle
is implicit: encouragement of lively initiatives and autonomy in the
issues raised by rural people and in the challenges taken on by research
teams, to build on the cultures and inherent resource strengths of these
conumunitices.
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APPENDIX 2

Categories of Rural Energy Research Objectives

Establishment of baseline data to determine national energy
program priorities
Assessment of rural development implications on energy
Introduction of rural electrification
Assessment of rural energy needs, user problems, and priorities
Introduction of improved energy technologies and energy use practices,
including conservation
Assessing deforestation and augmenting biomass energy sources
Identifying potential users of energy technologies
Introduction of new energy technologies
Development of policies for conserving fossil {uels
Estumating substitution potential of venewiable energy sources for
fossil fuels
Establishment of invesument allocations for research and development in
renewable energy technology
Development of energy pricing policies
Assessment of factors in successes and failures of renewable
encrgy technologies

Assessing the role of energy in rural employment generation
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Energy and Rural Development: Critical
Assessment of the Bangladesh Situation

M. Nurul Islain

INTRODUCTION

Bangladesh is a conntry of 143,998 sq km characterized by a network
of rivers and over 230 distributaries that extend about 24,000 km and
cover 9,389 sq km. As of July 1980, only 9 percent of the country’s 89
million people lived in areas defined by the 197-1 census as urban (gener-
ally areas with 5,000 persons or more). About 111 million houscholds are
distributed over 85,650 villages, 65,190 with more than 50 houscholds,
and 20,160 with less than 50 houscholds. Agriculture is the occupation
of 80 percent of the labor force, and this sector directly contributes 53
percent of the gross domestic product (Government of Bangladesh,
Ministry of Planning 1980). The nation’s four principal administrative
divisions are divided further into 20 districts, 71 subdivisions, -169 thanas,
and 4,365 rural unions.

Energy is a vital input for rural development. This chapter proceeds
from the assumption that energy planning for rural areas should be
considered part of national energy planning and aimed o achieve
national rural development goals. The chapter reviews Bangladesh
energy policy studies, providing a context for comparison with studies to
assess local energy needs and technology potential. In order to examine
the role of microregion studies in identifving factors associated with
specific variations in rural energy use, the core of the chapter focuses on
two in-depth studies in rural areas. This establishes a basis for considering
how appropriate blends of macro- and microstudies may be fashioned.

RURAL DEVELOPMENT POLICY

The Five Year Development Plans have had continuing concern with
rural development issues. One important social objective of the First Five
Year Plan (1973 -78) was to achieve equitable distribution of development
and to reduce poverty. However, both institutional and resource limita-
tions frustrated even a modest beginning in this direction. Afteran
interim period (1978-80) under a separate plan, the objectives of the
Second Five Year Plan (1980 -85) were formulated in view of over-
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whelming problems of massive poverty, unemployment, illiteracy, and
malnutrition of the large rural population. Over 80 percent of people in
Bangladesh continued 1o live below the economic poverty line, defined
by a minimum caloric requirement of 2,120 keal. Fifty-four percent
were estimated to be below the extreme poverty line, 1,805 keal (GORB,
Ministry of Planning 1980). Inflation has worsened the plight of the
poorer groups who work mainly as wage laborers,

The Second Five Year Plan concentrates on several rural development
strategies. These will include actions in education and health cave, but the
foundation for raral development will be agricultural development. The
strategy for agricultural development will be to effect arapid transtorma-
tion from traditional agriculiural practices to modern technology. ‘1o
attain this goal, adequate resotrces are necessary as is an cquitable
shiare of resources and economic benetits for cach group in the rural
conununity (GOB, Plnning Commission 1980).

The existing significantly unequal distribution of wealth in the rural
arcas not only interferes with equitable income distribution but also with
cquitable opportunities. Because the access to new resources such as
agricultural inputs and creditis largely determined by the existing
distribution of wealth whose dominant element is and, rural inequality
continues due to concentration of land in the lands of the few. Lack of
opportunities both inhibits productive energies and handicaps any
poverty-oriented strategy. A new more viable distribution svstem as well
as appropriate political decisions and allocation of resources are required.

The Second Five Year Plan also recognizes regional planning as an
essential element in comprehensive rural development. A balanced
regional growth pattern with meaningful dispersion of industries, cash
crops, and other economic activities requires dividing the country into
suitable regions, subregions, or supraregions based on economic and
physical characteristics. The natural primary unit for regional planning
is the village. Between the village and the nation is a set of alternative
ntermediate tiers. All of the substantive tiers are slated for development
over the next five years. The plan calls for disaggregating national
production goals into regional targets 1o ensure agricultural commodity
specialization according 1o specific soil types and other resource endow-
ments. Moreover, regional input and service packages supporting such
commodity specialization will be iatched o regional plans,

The Integrated Rural Development Programme (IRDP) of Bangladesh
is based on the experience of the Comilla district cooperative model
developed by the Bangladesh Academy for Rural Development. Initiated
m 1961 in Kotowali thana, the Comilla model expanded by the late 196i
to all other thanas in the district. In 1970, the program was expanded to
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the rest of the country as the IRDP, under a separate directorate of
the Ministry of Local Government, Rural Development and Co-opera-
tives. When subsequent evaluation found that the cooperatives did not
produce sufficient yields, several “crash programs” were initizted in
selected thanas with large financial assistance from external develop-
ment agencies.

A Swedish International Development Agencey report presents a
comprehensive review of the Comilla model and the modifications made
through IRDP and those “crash programs.” According to that review, the
cooperatives failed to change effectively the pattern of poverty, landless-
ness, inequality, and unemployment (S.D. Vylder and Asplund, n.d.).

‘The reportalso found that, at that time, cooperatives almost exclusively
benefited a small minority of the peasauts and favored some urban-
biased interests as well. 'The landless or near landless (most of the people)
were not participating at all. The intensive program for Integrated Rural
Development s a costly approach considering either area or population.
Lven it a particular zone “achieves” rural development using that
approach, the least developed areas would have 1o be selected first to
equalize overall development. However, the most developed areas tend

to be selected first for quick investment returns.

New area dev lopment projects were not planned for the Second Five
Year Plan period. Projects in progress were scheduled for completion and
evaluation regarding appropriateness and effectiveness (GOB, Flanning
Commission 1980).

Although the Directorate of IRDP was created to organize social
institutions (cooperatives) to enhance agriculture and economic
development, a separate corporation of the Ministry of Agriculture (the
Bangladesh Agriculture Development Corporation, BADC) is responsible
for the delivery and maintenance of agricultural inputs. These inputs
include irrigation pumps and fuels, fertilizer, pesticides, and seeds.

ENERGY IMPLICATIONS FOR RURAL DEVELOPMENT

In Bangladesh, the land available for farming cannot produce enough
food for the dense population using traditional agricultural technology.
Increasing production means using more energy for running irrigation
pumps and for producing chemical fertilizer. More energy is needed for
processing and transporting agriculture products and for producing
finished goods. These development activities, in turn, would provide off-
farm employment. These end uses require only a small but vital portion
of the total rural energy need, but the energy used must be high quality.
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Interdependence of Subsistence and Development Needs

At present, energy in rural Bangladesh is used primarily for cooking
and lighting, besides agricultural purposes. Cooking fuel alone consti-
tutes most of the total energy requirement, although of lower quality than
energy needed for development activities. Traditionally, locally available
fuelwood met the cooking fuel requirement. But the unfavorable land-
man ratio and the resulting scarcity of fuelwood together have initiated
changes to other cooking fuels. Agriculture residues are used instead in
many rural areas now but since they do not burn well and are harder to
store, they are considered low grade compared to fuelwood. Even residue
fuels are scarce in some critical situations. Further, where residues are
used as cooking fuel instead of as fertilizer, the quality of the soil and,
therefore, crops suifer. Reportedly, on 60 percent of Bangladesh's arable
land, organic matter content has deteriorated to a critical 2 percent level
because organic fertilizer is not being used. 1f that percentage is not
raised to at least 3 percent within the next 10 vears, chemical fertilizer
efficiency will remain static and crop production will not rise (The Bangla-
desh Times 1982).

Allagricultural production in Bangladesh depends on human and
animal power. Chronic shortage of food and fodder affects the quality of
this energy source. Moreover, increasingly more intense cropping for
higher output has increased demand for that energy. Because the land-
man ratio has reached a eritical level, the relationships among food, fuel,
and fodder should be considered together in a rural development pro-
gram. Design of any energy program must take into account the locale,
season, and specific resident population. Planning attention is required to
maintain and develop energy suppiies in both the quantity and quality
necessary (o meet subsistence and development requirements. This raises
complex policy issues regarding both commercial and traditional fuels,

Commercial Energy Sources

Bangladesh has limited commercial energy sources, Potential reserve
statistics are natural gas, 10.4 X 10" SCF; coal, 527 X 10 ton: peat,
133 X 10% ton; and hydroclectricity, 690 MW. No petroleum reserves
are known.

"Two major rivers flowing from north to south divide the country into
an Eastern Zone and a Western Zone. Energy use patterns vary greatly
veiween the two zones. All the known natural gas reserves and hydro-
electric resources are located in the Eastern Zone. Indigenous natural gas
is available for certain industries there but in the Western Zone industries
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depend on imported petrolein, In the Eastern Zone electricity is gener-
ated by natural gas and hydropower and generation capacity exceeds the
demand. In the Western Zone where imported petroleum fuelis used

to generate electricity, demand exceeds generating capacity, Reliable
supplies of electricity and industrial tuel as well as cheaper unit price of
industrial fuel (from natural gas) have contributed to accelerated indus-
trial growth in the Eastern Zone.

In 1972, the price ratio of petroleum fuel per thermal unit to that of
natural gas used in industry was 2.3: 1. In 1983, the ratio will probably
reach -L6: 1. For power generation the same vatio is 11.2:1 (1972) and
18.8:1 (1983). A uniform price of electricity to consumers is maintained
throughout the country,

Government policy encourages maximizing use of indigenous natural
gas. Presentannual consumption is 0.5 percent of total proven gas
reserves: carrving capacity of the gas transmission line is 0.9 percent of
total proven reserves. Financial constraints to date have limited extension
of the natural gas pipeline within the Eastern Zone, but one goal of the
current project is the extension of a pipeline to the second Largest
city, Chittagong,

New electricity generation stations have been located near the Eastern
7one gas reserves while existing power stations near gas reserves have
heen converted from petroleum to natural gas, When current work to
interconnect the zonal grids is completed, electricity generated using
natural gas in the cast will also be used in the west. Expansion of natural
as lines and of electricity distribution ave both capital-iniensive ventures.
Bangladesh with its weak balance of pavments needs atleast 10 vears lead
time to implement this kind of project.

Energy-poor areas inevitably develop more slowly than areas where
such capital-intensive projects are more techno-economically feasible.
This pattern is reflected in Bangladesh where the Eastern Zone is
developing faster than the Western Zone,

Rural Electrification

In 1977, the Rural Electrification Phase I project began by establishing
the Rural Electrification Board. 'The Phase T project was planned to
provide electric connections to potendal consumers in si<selected areas
of the country, covering 4,373 sq mi (8 percent of total area of the coun-
try). ‘Total houscholds in the projectarea were E 1 million, Twenty-two
percent of the households in the arca were estimated to be able to get
clectric connection (GOB, Rural Electrification Board 1977).

In the draft Second Five Year Plan, L5 percent of the total public
sector expenditure was allocated for the development of energy sector.
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Allocation for rural electrification alone was 20 percent of the budget off
cnergy sector. One goal of the Second Five Year Plan (ending in 1985) is
thatall thana headquarters and more than 23,000 villages (35 percent of
total villages) will have access 1o clectricity, Twenty percent of households
in 23,000 villages are expected to be connected to clectricity (GOB,
Planning Commission 1980),

Traditional Fuels

Traditional fuels are obtained from three major sources: tree biomass,
agricultural vesidues, and animal residues,

Tree Resources. Tree-covered arcas of Bangladesh are cither reserve
forests (89 percentof tree-covered areas) or homestead woodlots (11
percent). The reserve forests are cither state owned and administered by
the government’s forest department (51 percent of tree-covered areas) or
by the Chittagong Hill Tracts district authority (38 percent). ‘Trees in
reserve forests are nataral growth and used for timber, industrial raw
materials, and firewood.

Reserve forests are locaed in five geographicareas. Th v distribution
with that of other resources and population of cach district is shown in
Table 1. As the table indicates, resources arve not distributed evenly among
population groups. In the north and northwest, cight districts with 87
percentol population have onlv 0.6 percent ol total forest areas. On the
other hind, Chittagong Hill Tracts district, with onlyv 0.7 pereent of the
total population, has 53 percent of the forest areas, The only hydropower
station in the country is located in this distict. The districts witly the least
forest-covered arca also lack commercial CHETEY Tesources,

Homestead woodlots play an important role in meeting the need of
traditional fuel resources. Within the social context of Bangladesh, the
homestead is detined as an area physically occupied by one or more
houscholds for habitation. Functional usages of homestead land area are
for housing, cooking space, water sources, Latrine, posthinvest processing
ol crops, animal shed, planting area for trees and vegetables, and limited
grazing space. On homesteads having more than one houschold, sharing
ol difterent facilities and their physical location depends on the
distribution of ownership of homestead land.

The homestead woodlots are planted by individual owners in their
private plots located within and near the homestead, Generally, multi-
purpose trees are grown along with other vegetative crops. Homestead
woodlots are distributed evenly throughout the country. Although
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Transporting fuel logs to towen, Rajshahi. (R Lan Den Beldt)

homestead woodlots cover much less area than reserve forests, almost all
raral people depend on them for fuel supply. Since the lots are owned by
the people andsinee they are casily accessible, trees in homestead lots ave
used more efficiese v than reserve forest trees. Trunks of trees, branches
of trees, and fallen leaves are all used as cooking fuels, Often only
branches are lopped oft periodically.

Trees from reserve forests are cut at ground level in most cases, and
only trunks and major branchies are taken away for fuelwood. Within a
particular avea, the rate of extraction of fuclwood {rom reserve forests
and homesteads is related to urban and rural demands. Generally, all
cooking fuel needs of rural areas are met from resourees available within
the villagetvireserve torestis located adjacent 1o a village, it may supply
some part of the village's fuel. Reserve torests are the major supply source
of fuclwood for urban wreas. Pistances supplied are influenced by
transport cost. Manpower and transportation considerations tend to limit
extraction of fuelwood 1o the dry season,

Lacking specitic data, a possible scenario for the supply of fuelwsod 10
various urban arcas of Bangladesh follows.



TABLE I.

Distribution of Resources and Population in Different Districts of Bangladesh, 1974-75

Not Avail- Coltr- Net Total Irri- River Chemical Total Urban
Divisions & Total able for Reserve vaule Current Cropped Cropped gated Covered Ferti- Popu-  Popu-
Districts Area Cultivetion Forest Wastes Fallows Area Area Area Area lizer Cattle lation lation
(a) (b) (¢) (d) (e) (£) (g) (h) (i) (j) (k) (1) (m)
Percentage
DHAKA
Dhaka 5.2 6.1 1.2 1.3 .2 6.1 6.1 8.7 5.0 8.5 5.6 10.9 36.7
Kishoregonj 3.9 4.7 0.05 7.2 5.1 4.4 4.7 10.5 5.8
3.3 1i.4 10.5 6.4
Mymensingh 5.3 4.3 1.2 2.5 6.2 6.7 7.8 5.3 6.1
Tengail 2.4 1.2 2.1 3.0 0.7 3.0 3.6 2,4 1.2 2.1 2.2 2.9 1.6
Faridpur 4.9 6.7 - 0.7 4.0 5.8 6.1 2.3 6.1 1.3 4.7 5.7 1.8
CHITTAGONG
Chittagong 4.9 4.3 9.5 6.0 5.3 3.6 3.7 6.7 6.9 14.0 6.4 6.1 14.4
C. Hill Tracts 9.2 1.0 54.9 1.5 0.3 0.8 0.9 0.8 5.1 0.9 n.7 0.7 0.8
Noakhali 3.4 2.4 0.1 10.7 6.7 4.0 4.0 5.0 13.8 5.5 2.5 4.5 0.8
Ccomilla 4.7 3.9 0.03 2.1 11.8 5.6 5.3 8.3 3.7 12.9 3.9 8.1 5.7
Sylhet 8.7 12.5 3.6 20.7 7.5 £.5 7.5 18.7 1.4 5.2 9.3 6.6 2.0

0g



RAJSHAHI

Rajshahi 6.6 7.6 0.1 11.0 4.3 8.1 7.3 7.9 1.5 5.6 5.4 5.9 3.7
Dina jpur 4.7 4.5 0.4 9.4 8.7 5.4 5.3 2.6 G.5 5.1 5.7 3.6 1.7
Rangpur 6.7 7.9 0.1 12.8 5.7 8.0 9.7 4.9 5.6 5.2 9.3 7.6 3.9
Bogra 2.7 3.3 - 0.3 1.3 3.5 3.7 2.9 1.0 2.9 4.1 3.1 1.2
Pabna 3.4 3.5 - 0.1 7.5 4.0 4.1 2.3 4.8 5.7 3.7 3.9 3.2
KHULNA
Khulna 8.4 6.8 26.1 3.9 6.3 4.7 4.0 2.0 16.7 1.5 5.1 5.0 9.9
Barisal 4.7 6.8 v.2 3.7 1.7 5.6 5.6 4.4 17.6 3.3 4.6 5.5 2.3
Patuakhali 3.0 4.6 0.4 2.2 3.2 3.1 2.6 0.8 8.4 2.9 5.3 2.1 0.6
Jessore 4.6 5.2 - 3.4 1. 6.1 5.5 1.6 1.3 4.4 4.8 4.6 2.7
Kushtia 2.5 2.1 - 0.3 6.3 3.0 2.7 1.9 1.0 1.0 3.3 2.6 2.4
BANGLADESH 99.9 100.0 99.9 99.8 99.9 100.0 100.0 100.0 100.0 99.9 100.0 99.6 99.8
Million Acres Million Million
Tons
TOTAL 35.3 6.58 5.46 0.67 2.0 20.55 29.92 3.56 2.32 0.28 25.9 76.0 7.0
Source: Figures are from Statistical Year Book of Bangladesh, 1979, b.B.S.

Note:
Cultivable wastes:
fallow:

Not available for cultivation:
Area suitable for

Rivers, tidal creeks,

Total area: (a) = (b + ¢ +d + e + ).

lakes, ponds, roads, homesteads.
cultivation but lying fallow for more than one year.
Area brought under cultivation, but not cultivated during the year.

Current

g
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1. The main source of fuelwood for urban areas is reserve forests in
their particular district. Any additional need is met from homestead
woodlots. This is the situation in cight districts (Khulna, Patnakhali,
Barisal, Mymensingh, Tangail, Sythet, Chittagong, and Chittagong
Hill Tracts).

2. Districts with disproportionately higher urban population obtain
their fuelwood supply from three sources: homestead woodlots, reserve
forests located within the particular district, and reserve forests located
in other districts. For example, Dhaka district, with 37 percent of total
urban population of the country, has only 1.2 percent of total reserve
forest area. Inaddition to sources within the district, the fuelwood supply
for urban areas of Dhaka district comes from adjacent Mymensingh and
Tangail districts and also from coastal forests located in the Khalna and
Patuakhali districts. The transport system originates from Dhaka, the
capital city, carrying consumer goods and intermediate goods to periph-
cral districts. Fuelwood is brought back on the return journey at small
marginal cost. The operating distance of voad transport is less than the
operating distance of water transport.

3. Districts with very few reserve forests for fuelwood supply within
their own boundaries depend on homestead woodlots located within the
district and reserve torests located in other districts.

The demand of fuelwood in a particular urban location is related to
the socioeconomic status of users and to availability and price of commer-
cial cooking fuels. For example, part of the urban population of Dhaka
and Narayanganj have piped natural gas for cooking. With a domestic gas
connection, the monthly cost of cooking with natural gas was only Tk. 35!
(US $1.75) as of July 1982. An average family without natural gas for
cooking would pay about Tk. 140-150 10 cook with kerosene and
Tk. 120-160 to cook with fuelwood.

Village homestead wood!ats vlay a very important role in supplying
cooking fuel not only for rural population but also for urban locations.
Some recent atterpts have been made to establish forest nurseries to
supply sezdling for homestead woodlots. Existing infrastructural facili-
ties are inadequate to meet existing need.

Agricultural and Animal Residues. Usc of agricultural and animal
residues as cooking fuels differs according to location, season, and
socioeconomic status of consumers. Tre v sportation difficulties and
storability limit residue consumption as cooking fuel to rural areas in the
dry season. Availability of agricultural residue is related to agroclimatic
zone and harvesting season of specific crops. Residue from crops har-
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vested in the dry season is in high demand as fuel as wellas for other uses.
Residue available in wet months but unpreservable cannot be used as
fucl. Rice straw and jute sticks both are available in wet months. Rice
straw decomposes easily, but jute sticks are strong and can be preserved.
Animal residue produced in wet months cannot ke used as fuel because it
cannot be dried.

Note that the production of traditional fuels such as fuelwood and
agricultural and animal residue depends or land. Actual consumption of
these types of fuels by individual families depepds on ownership of Tand
or relationship between consumer and landowner.

Policy Issues

This profile of the distribution of commercial and traditional energy
sources and forests suggests certain policy issues related to energy needs
and rural development. [n districts eritically short of trees, is substitution
of fossil fuels for fuelwood as industrial fuel and as urban domestic fuel
an appropriate policy option to retard the adverse effect of deforestation
on agriculture production in these districts? Coal, fuel oil, bottled petro-
lewum gas (1.PG), and compressed natural gas (CNG) might be considered
as fuelwood substitutes for appropriate end uses. Alternatively, should
tree plantation be undertaken for areas critically short of trees? This
policy would require a change in attitude in existing forestry policy.
‘Traditionally, forestry infrastructure has been developed for conserva-
tion and commercial extraction of forest products from naturally forested
arcas. Arcas with no natural forests have the minimam infrastructure but
are in greatest need.

In 1979, in order to stimulate growth of industries in backward areas,
the government decided to pay approximately 60 percent rebate on
purchase of fuel oil to industries established or located in seven districts
(Dinajpur, Rangpur, Rajshahi, Pabna, Bogra, Barisal, and Patuakhali) of
the Western Zone, This subsidy is of course limited only to certain pri-
vately owned industries approved by the industries department. The total
number of industries so far availing of the rebate is less than twenty. One
policy issue is whether all the industries located in these districts should
be considered under some energy price incentive scheme for the reason
just discussed. Delivery of commercial energy and price incentives,
potentially including LPG and CNG, may also be considered as a policy
option to establish agro-processing industries in the least developed areas
of other districts to provide opportunity for rural employment.

Atexisting prices of diesel and electricity, it is more expensive to
irrigate with a diesel-operated pump than with an electrically operated
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pump. The existing electrical network covers only a small fraction of the
total irrigated area. Similar to the provision of price incentives and
industrial fuels to backward areas, would a set of price incentives for
diesel fuel used for ivrigation be an appropriate policy option? This
facility would benefit a large number of users in rural areas and would
contribute to agriculture production.

The program for rural electrification raises related policy issues.

On the one hand, two major weaknesses of rural electrification can
be identified:

I. Twenty percent of the rural households are the potential users of
rural electricity. This group also controls most of the rural resources.
Therefore, rural electrification may enhance rural development by
improving the standard of living of the upper 20 percent, which may
remove disparities between the rich urban and rich rural group. But
most of the rural people will be deprived of direct benefit of rural
electrification.

2. Project areas brought under rural electrification were selected
according to techno-economic teasibility. 't herefore, it is the more
developed area of the country that has been selected for rural electrifica-
tion. This will result in unequal development of different regions of the
country.

On the other hand, rural clectrification has important potential for
increasing irrigation and farm productivity, thereby increasing both
employment and residue as well as food production. If based on genera-
tion from natural gas, it may reduce oil imports also. In some areas
landless families have organized pump groups, selling water-lifting
services to nearby marginal and subsistence farmers. Optimal use of
irrigation capacity and equitable distribution of water depend heavily,
however, on effective organization by user groups — for which extension
services are currently limited.

‘The various policy options just discussed imply that location-specific
policy actions are necessary for achieving the objectives of rural develop-
ment. One question may be phrased more broadly: is energy pricing
policy an appropriate and effective measure to offset the locational supply
imbalance of commercial energy sources? It should of course be stressed
that any incentive measure with energy price inust be linked with the
guarantee of its efficient use by the beneficiary group.

ENERGY STUDIES

The objectives, scope, and methodologies of surveys related to energy
use in Bangladesh vary widely. The focus of this chapter is on in-depth
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studies of household energy use and resources in two rural areas, oriented
to technology needs and development. A comparative setting is offered by
brief reviews of other studies.

Bangladesh Energy Study

The Bangladesh Energy Study (BES) was funded by the Asian
Development Bank through UNDP and was carried out by a group of
expatriate consultants. That study estimated total energy consumption of
Bangladesh in 1973714 at 287 P}, or 3.8 G[/ person (GOB 1976). Tradi-
tional fuels were estimated to supply 73 percent of total energy (2.8 G}/
person)and commercial fuels supplied 27 percent (1 GJ/person). Only
1.6 percent of the total energy was electric.

Unicertain about their own estimate, the BES stressed the need for
detailed studics on rural energy supply and demand. The study high-
lighted the importance of traditicnal energy in the national economy but
did not reccommend investment in this important sector. One of the major
uncertainties was in demand and supply estimates for firewood. On the
basis of acrial survey data, the BES estimated possible availability of tree
biomass at 2.1 miliion tons per year. Firewood consumption estimates in
other studies varied from - to 22 million tons per vear. The BES argued
that only the more wealthy rural houscholds actually use firewood
obtained from their homestead. The poor rural households mainly
depend on vesidual bicmass. Based on information {rom aerial photo-
graphs, the report tound no evidence of overcutting of trees in
homestead areas.

Arguments by BES justifving their estimate were not accepted at field
level. Overcutting of trees has become a general concern for various
groups of people and is atvibuted to the wide gap between the supply and
actual consumption.

Energy Use Studies

Based on secondary data, Rodney Tvers (1978) estimaed total rural
energy consumption in Bangladesh in 197175 at 616 P}. Estimated
annual rural energy use was 8.7 G/ person, of which traditional fuels
accounted for 5.0 GJ. That study emphasized the importance of {uc!
supply for food processing and preparation and the risk of declining per
capita crop residue availability with adoption of high-vield, short-straw
crops. The available data were analyzed in terms of food production
models, incorporating growth rate of food grain, livestock, crop residues
for cooking, and economic and techrological trends.
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in 1978, an in-depth study of rural energy use was made in a small
randomly selected sample of families in Ulipur village, Comilla district
(John Briscoe 1979). The study population of 300 people belong to 40
Mushim agriculturist Eanilies and 8 Hindu fishing families. Energy use
data were collected over 8.5 months by participant observers. T'he three
sources of information were a houschold questionnaive (demographic,
cconomic, land utilization, crop production, animals, and residue produc-
tion); fortmightly measurement for cach study family (human and animal
labor, crop production, cvop residue production, cattle feed and dung,
and fuel for storage): and quarterly detailed measurement for cach
family (types and quantities ot fuel used for cooking food and for
parboiling paddy).

Ownership of fuel-producing assets was found to be highly concen-
trated: 16 percent ot the families own 80 percent of the trees, 55 pereent
of the cropped Land, and 15 percent of the cattle. The annual fuel con-
sumption of the community was estimated as 6.8 G /person. Abowt 3
calories of tuel was consumed for each calorie of food grain cooked,
indicating a very low efficiency of the cooking process as will he seen in
the analysis of cooking fuel requirements in Chapters 8 and 11, Families
of different classes used ditferent types of fuels for cooking. The average
numberof trees per person in the study area was estimated as 6.1, Trees
are accessible to their respective owners only. This tvpe of study reveals
the influence of sociopolitical factors on energy use patterns under
noncommercial transactions,

Based onastady in Dhanishwar, Bangladesh, vearly per capita cooking
energy demand for dilferent sociocconomic groups was estimated as:
Eandless, -£.3 GJ: poor, 1.7 G middle, 5.8 GJ: and rich, 7.6 GJ. Supplies of
cooking energy for different groups were estimated as: Lindless, 0.7 GJ:
poor, L6 GJ:middle, 5.2 GJand vich 13.8 GJ. A wide gap between the
demand and supply of cooking fuel for landless families in Dhanishwar
indicated the scarcity of their cooking fuel. The landless and poor have
food deficits, with daily food intake of 1,600 keal and 1,770 keal respec-
tively, and obtain food and fuel from the rich in exchange for tabor at
the time of peak demand (David Hughart 1979),

Two Surveys of Village Resources and Energy Potentials

A 1978 study (Nural Islam 1980) surveved the total resources of
23 villages in one rurval area of southern Bangladesh 1o (1) evaluate the
current energy situation, (2) assess the prospect ol alternative energy
technologices, (3) test the survey methodologies for a countrywide rural
energy survey, and () use the survey area for long-term field testing of
various alternative technologies.
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When the survey began, no previous study was available in Bangladesh
to guide design of methodology. Since they did not have access o pub-
lished literature of other developing countries, the multidisciplinary
research team planned, designed, and executed the survey based on
mutual discussions. A detail discussion of methodological aspects follows,

Two alternatives for the survey's geographic coverage were considered:
either a group of villages from the same location or a number of villages
from different locations. The first alternative was chosen considering the
importance of rural institutions in rural development and in diffusion of
technology. ‘The arca of a union (usually about 15 villages) was considered
appropriate since village development is controlled and coordinated by
thana-level officials through elected Union Council members. Nabagrain
Union of Barisal district was selected on the following criteria: it had not
been surveved before; it had a traditional energy consumption pattern
(no electricity); and it was free from direct influence of urban and/or
industrial center. Nabagram Union has 23 villages over an 8 sq miarea. All
the houscholds in the area were covered by the survey, identifying the
traditional settlement pattern (homestead). The survey area is yepresenta-
tive of a tidal zone.

The data for this survey were collected through personal interviews by
trained investigators using a carcefully designed pretested questionnzire,
Two senior research staff supervised the field data collection and acted as
participant observers in special cases. Recruiting resident field ivestiga-
tors from the project area was judged desivable because of the szture of
the data and the project’s long-term objective. Considering the educa-
tional background and experience of the mvestigators, the idea of coding
the questionnaires was dropped during pretesting. Data were coded later
by an analyst.

A preproject course was arranged for field investigators. Of 42 partici-
pants, 20 investigators were selected, one from cach large village in the
project area. Each investigator initially surveved his own village and later
transferred to other villages as necessary.

Most of the field snrvey was conducted during the 1978 raiay season
(July =October). The rain meant reaching the respondents was more
difficult and field rescarch staff sometimes had to depend on country
boats for transportation, but the rain also kept the respondents at home,
Also, rural people’s resourcees, especially their cooking fuels, are mere
vulnerable during the rainy season. Consumption of individual fucls was
recorded separately for the wet and dry seasons, based on reported and
observed information for the wet season and reported information for
the dry season. A second part of the survey was conducted in April 1979,
during the dry season. Stove dimensions were then measured and utiliza-
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tion of tree resources was assessed. A subsequent series of laboratory and
field experiments was carried out to evaluate the fuel consumption data
estimated by the survey. In addition, the performance of traditional
cooking stoves was evaluated as the basis for development of an improved
stove design. For more details on methodology of the study, see Islam
1980.

A similar methodology was used in a survey of four villages of
Kulaghat Union in Rangpur district, in northern Bangladesh. A field
survey was carried outin March-June 1981 (drv season). The field
research supervisor of the Nabagram study was part of an otherwise new
team of rescarchers from the Chemical Engineering Department at
Bangladesh University of Engineering and Technology vesponsible for
the study (A KMA Quader and K. L. Omar 1989),

Table 2 summarizes important observations of those studies.? Some of
the data from the reports (Islan 1980; Quader, Omar 1982) have been
recalculated to reflect the same basis. Neither survey area has an electric-
ity supply or nearby reserve forests, but Nabagranis located in a more
forested region than Kulaghat. The average mmimum temperature and
rainfall in Kulagha is less than Nabagram. The numbers of households
per homestead in Nabagram and Kulaghatare 3.23 and 1.5 respectively.
In Nabagram, homesteads are built above flood level on raised carthen
mounds —ina more concentrated settlement patern. Twentv-two
percentof the households in Nabagvam are lindless and 314 percent are
landless in Kulaghat. Caule population per acre and per person is slighty
higher in Kulaghat, but almost the same pereentage of houscholds have
no cattle. Since a family-size biogas plant needs the dung from four or
more head of caule, only 11 percent of the households in Nabagram and
I pereentin Kalaghat can install tamily-size plant,

Proportionately, Nabugram has slightly more tree resources but a
smaller proportion of bamboo bushes. Fifty-seven percentof Nabagram's
trees are fruits and timbers in Kulaghat, 65 percentare betel nut. Naba-
gram has two ponds per homestead and Kulaghat has 0.1. Many Naba-
gram ponds have been dug to make the earth mound to situate « home-
stead above fleod level. Kalaghat's fewer ponds are augmented by a
higher propovtion of tubewells as a source of drinking water. In both the
locations, roofing materials of most houses are of biomass sources. Old
roofing materials are used as cooking fuels after periodic roof repairs.
Most houscholds in both areas have an inadequate local supply of
food grains.

Average vearly consumption of biomass fuel for household cooking was
353 kg/person in Nabagram and 634 kg/person in Kulaghat. Household
cooking includes cooking food, parboiling paddy, and making ghur
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TABLE 2.
Summary of Resources Survey of Two Rural Locations of Bangladesh

Description Survey Locations
Nabagram Kulaghat

Number of villages surveyed 23 4
Total aren of survey villages (acres) 5,120 1,845
Number of homesteads 871 638
Number of households 2,820 954
Population 16,228 5,301
Houscholds per homestead 3.2 1.5
Homesteads with single household 9.0% 67.4%
Households with no cultivable land 22.0% 34,0%
Family size (persun/household) 5.8 5.6
Persons per acre 3.2 2.9
Cattle per acre 0.65 0.96
Cattle per person 0.21 0.33
Youseholds having four or more cattle 11.0% 13.7%
. ouseholds with no cattle 55 51

Tree Resources Types (trees/person)

Fruit and timber trees 5.0 ( 57% 1.1 ( 16%)
Palms (betelnut, coconut, date palm) 2,9 ( 33%) 4.8 ( 66%)
Firewood and other trees 0.9 ( 104) 1.3 ( 18%)
Total trees 8.8 (100%) 7.2 (100%)
Bamboo (bushes/person) 0.17 0.33
Housing and Services

Dwelling house per household 0.99 1.7
Kitchen per household 0.83 0.71
Cowshed per household 0.4l 0.5

Open yard per household 0.63 0.75

Open yard per homestead 2,04 1.11
Kitchen yard per household 0.73 0.36

Ponds per household 0.64 0.07

Ponds per homestead 2,00 0.08
Tubewell per homestead 0.03 0.05
Persons per tubewell 213 118

Building Materials_and Roof of Different Houses

Pucca 0.6% 0.06%
Galvanized iron sheet 20,0% 12.,0%

Tiles 11.0% 0.1%
Biomass (straw, grass, leaves) 68.4% 88.0%

Food Grain Supply Situation

Households growing more food grain than own need 3.5% 14.,0%
Households growing sufficient food grain 13.5% 14 ,0%
Households having deficit of food grain 66 .0% 42.0%
Household not growing food grain - 30.0%

No reeponse 17.0% -
Average Annual Fuel Consumption

Biomass fuels for cooking (kg/person) 353 634
Kerosene for illumination 12.7 8.15

(lmperial gallon/household)
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Average Annual Fuel Energy Consumption

Cooking fuel (GJ/person) 4.9 8.1

Illuminating fuel (GJ/person) 0.4 0.24

Total fuel erergy (GJ/person) 5.3 8.34

Yypes of Stoves Located Inside tho Kitchen

{stoves per household)

One-mouth insitu 1.17 1.14

Two-mouth insitu 0.25 nil

One-mouth movable 0.11 0.013

Tafal insitu 0.02 0.002

Three-stone temporary nil 0.03

Kerosene 0.016 nil

Types of Stoves Located in the Kitchen Yard

(stoves per household)

One-mouth insitu 0.92 0.6

Two~mouth insitu 0.92 nil

One-mouch movable 0.016 0.01

Tafal insitu 0.06 0.06

Three-stone temporary nil 0.4

Cooking Fuels Consumed per Person in Wet Season

(GJ/six months)

Firewood and branches 2.1 ( 86%2) 2.3 ( 592)

Leaves 0.05 ¢ 22) 0.2 ( 5%

Agriculture residues 0.30 ( 122) 1.3 ( 33)

Animal residues 0.05 € 22) 0.1 ( 33)

Total biomass fuel in wet season 2.5 (100%) 3.9 (100%)

Cooking Fuels Consumed per Person in Dry Season

(GJ/six months)

Firinod and branches 0.87 ( 362) 1.9 ( 45%)

Leaves 0.46 ( 192) 0.4 ( 10%)

Agriculture residues 0.89 ( 37%) 1.8 ( 432)

Animal residues 0.18 ¢ Bx) 0.1 ( 2%)

Total biomass fuel in dry season 2,40 (100%) 4.2 (100%)

1lluminating Devices (per household)

Open wick lamp 2,46 2,05

Glass chimney fitted lantern 0.56 0.39

Zonal Information

District Barisal Rangpur

Population density of the district 578 566
(persons/km?)

Average minimum temperature (F) 71 68

Rainfall (cm) 216 198

Source: Statistics for Nabagram are from (lslam 1980); for Kulaghat, from
(Quader, Omar 1982),

(crude sugar). An average of 15 10 20 percentof biomass fuel consumed in
rural areas is required for parboiling of paddy. Except in the districts of
Chittagong and Sylhet, parboiling is practiced throughout Bangladesh,
Parboiling is a method of precooking rice in the husk with water and

heat that hydrates and gelatinizes the starch kernel. This process eases
dehusking, reduces g rain breakage, and improves storability.
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The higher per capita fuel consumption estimated in Kulaghat may be
attributed to

1. Scasonal bias in fuel estimation by the users. The Nabagram
study was carried out in rainy scason and the Kulaghat study was
carried out in dry season. Normally cooking fuel is scarce in the
wet season and abundant in the dry season.

2. Higher availability of agriculture residues (jute sticks) at the
homestead level.

* Higher consumption of fuel for water heating and body warming
due to low winter temperature.

4. Use of less etficient cooking devices.

Most stoves used in both the areas ave insitu built. Generally, one-
mouth stoves are used for daily household cooking: other types, such as
two-mouth stoves and three-stone stoves, are used for parboiling and
ghur making. More one-mouth stoves are used in Nabagram than in
Kulaghat. The numbers of stoves inside the kitchen (wet season) and
outside the kitchen (dry season) differ between the two areas. Notably,
in Nabagram two-mouth stoves are used outside by nine in every ten
households and inside by one in every four houscholds, mainly for
parboiling paddy as well as other cooking tasks. ' T'here are no two-mouth
stoves in Kulaghat. There, two of every five houscholds have three-stone
stoves for parboiling paddy. Two-moutir stoves may consume less fucl
than three-stone stoves because of the tormer’s partially shielded combus-
tion chamber, This difference might have contributed o lower per capita
fuel consumption in Nabagram.

Jariations in stove design for domestic cooking may be attributed to
specific cooking needs, duration of cooking, types of fuels, and cultural
practices. Varieties of traditional wood-burning stoves observed during
field visits may be classified as with or without grate; single or multiple
mouth; below or above ground level construction; and small or large.
Figures 1, 2, and 8 show tvpes of one-mouth, two-mouth, and three-
mouth stoves used for domestic cooking in rural Bangladesh. Use of two-
and three-mouth stoves is common in areas where long straw (1.5 mor
3 mor longer) available from deep water paddy is used as fuel, such as in
Comilla district. In urban areas one-mouth stoves ire mainly in use. An
assessment of variation in local practices of stove use can be a good basis
for future research on diffusion of improved stoves,

The small seasonal variation of fuel consumption observed in the
two survey arcas may be attributed to seasonal variation of operational
efficiency of stoves, or to limitation of methods used in data collection. In
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Figure 1. One-Mouth Stove

Nabagram, the average operational hours of stoves are longer in the dry
season —sometimes up to 8 to 12 continuous hours due to pa rboiling
paddy. In addition, comparatively dry fuels are used in this season. In the
wet season, stoves are used intermittently and comparatively wet fuels are
used. Asa result, with nearly the same estimated fuel consumption, more
cooking might have been performed in the dry season due to an average
higher end use efficiency. This attribution needs expevimental verifica-
tion to ascertain the effect of seasonal temperature variation on fuel
consumption,

In both studies, at the time of survey the respondents were asked to
estimate the amount of fuel consumed in the dry season and in the wet
season, Respondents might have equally divided their yearly fuel con-
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Figure 2. Two-Mouth Stove

sumption at the time of reporting. Reliable estintation of seasonal varia-
tion of fucl consumption requires dai. collection in diflerent seasons.

The pattern of per capita fuel consumption in households of different
size in four villages of Nabagram is indicated in Table 3. Less fuel per
capita is consumed as the munber of persons per household increases,
implying an cconomy of scale in cooking.

Per capita consumption of food and fuel of a particular village of
Kulaghat is shown in "Table 4, according to landholdiny size. Per capita
consumption of household cooking fuels increases as size of landholding
increases from 6.91 GJ /year for landless to 16.9 G/ year for landholdings
of 10 acres (Quader, Omar 1982). Higher per capita fuel consumption by
households with larger landholdings may be attributed to higher amount
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Figure 3. Three-Mouth (Comilla) Stove

of food cooked and t> increased parboiling and ghur making,

Caloric food intake per person also increases with increase of land-
holding size from 2.9 G /year (1,910 keal/day) tor landless to 5.8 GJ /
year (3,800 keal/day) for landholdings of 10 acres. Higher per capita
tood consumption by households with larger landholdings may be
attributed to better accessibility as well as to the method of payment o
agriculture laborers. In Bangladesh, agriculture laborers traditionally are
paid partly cash and partly with food. The number of meals provided
with partcash payment may vary from one to three meals a day, depend-
ing-upon the locale and scason. Per capita food consumption has been
estimated by dividing the yearly food consumption reported by the
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TABLE 3.
Per Capita Consumption of Cooking Fuels in Four Villages of Nabagram
Number of Fuel Consumption
Household
Members Vil lage 8 Vil lage 9 Village 20 Village 22
GJ/year
1 - - 11.00 10.90
2 7.56 8.91 1.40 6.77
3 4.46 8.44 5.29 5.93
4 4,37 8.44 5.14 4.44
5 4 .04 6.45 4.25 3.49
6 4,05 5.80 4,60 3.28
7 3.25 5.60 4,50 3.65
8 3.14 4.68 4.90 3.55
9 2.18 7.20 3.84 2.75
10 3.29 5.27 - 1.38
11 2.28 - - 1.80
12 2.33 4.99 - 3.49
13 5.98 3.48 - -
14 1.73 - - -
20 4,98 - 5.35 -
Weighted Average 3.43 5.93 4.80 3.82

Source: Figures are calculated from Islam (1980).

household by the number of permanent household members. Amounts of
food consumed by casual laborers thns may contribute to the higher per
capita food consumption estimate for larger landholders who employ
them, and lower per capita food in their own households.

Another factor may contribute to the lower per capita food consump-
tion indicated for landless laborers. At times of acutely scarce employ-
ment within a village, they migrate temporarily to other villages or 1o an
urban area in search of jobs. Yearly food consumption reported by the
houschold would normally include only the amount consumed by them
during their stay in the village.

Wood and Bamboo Consumption Survey

The Institute of Statistical Research and ‘[raining, Dhaka University,
designed and executed a survey on Rural Consumption of Wood and
Bamboo in Bangladesh for the Forestry Section of the Planning Commis-
sion, in conjunction with the Food and Agriculture Organization (FAO).
"The basic framewe < was a stratified, three-stage, self-weighted sample
0f' 6,000 househe .s selected from 430 villages in 47 thanas. Six major
zonal stratifications were used. Four of them were based on ecological
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TABLE 4.
Distribution of Food and Fuel Consumption in Sakoa Village
of Kulaghat Unior by Landhulding Size

Farm Size (acres of cultivable land)

Description Land- 0-0.5 0.5-1 1-2 2-3 3-5 5=17 10+
less

l. Acres/person 0 0.0
2. Cattle/person 0.04 0.0
3. Tree/person 3.1 9.1

5 0.4 0.30 0.41 0,47 0.87 1.34
6 0.29 0.38 0.31 0.37 0,71 1,04
14,60 23.40 18.70 18.40 22,30 23,40

GJ/year per capita

4. Food consumption 2.9 3.39  3.46 3,48 3.64 3,40 4,16 5,79
(rice and wheat)
5. Food cooking fuels

a. Firewood 1.66 2,11 2,217 4,38 3.17 3.02 4,84 4,54
b. Branches, twigs,
leaves 2,72 2.42 2.2 2,42 1,97 1.3 1,66 2,72
c. Agriculture
residues 2,26 2.00 1.88 2,14 2,00 1.88 2,26 3.26
d. Total (atb+c) 6.64 6,53 6.27 8.94 17,14 6.41 8.76 10,52
6. Fuel for parboiling 0.27 0.53 1.07 1.73 2,13 2,27 2.67 4,00
7. Fuel for ghur making - - - 0.15 0,07 0,30 2,16 2,38
8. Total household cook-
ing fuel (5+647) 6,91 7.06 7.34 10.82 9.34 8.98 13.59 16.90
9. Kerosene for
lighting 0.20 0.20 0,20 0.30 0.28 0,30 0.31 0.48

Source: Figures are calculated from Quader, Omar 1982.

Note: Total houaeholda, 250; total population, },407.
Caloric value of rice and wheat = 14.8 MJ/kg = 3,540 kcal/kg

characteristics; one, on type of “urban fringe” area; and one, by proximity
to reserve forest. The field survey was carried out in January and Febru-
ary 1980 (the dry scason).

The methodology of data collection and the survey results have been
compiled in a series of reports (FAQ 1980, FAO 1981a, FAO 1981b, and
FAO 198l c). Two types of household questionnaire were used. The main
questionnaire was based on reported and observed information collected
by personal interview for the entire sample. A full measurement question-
naire was based on measured information and was applied to a subsample
of 1,200 households. (The latter was primarily designed to calibrate the
result of the former.) The items included were

1. Quantity of fuel consumed yesterday, last week, and las year.

2. Separate fuel consumption data for fuelwood, branches, other
parts of trees, bamboo, agriculture and animal residues, waste
papers, charcoal, oil, and gas.
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The questionnaires did not mention specific end uses of fuels, such as
cooking and lighting.

Salient points of the observed results follow. Average annual fuel
consumption was 501 kg/person by the daily recall method and 360 kg/
persen by the yearly recall method. The higher estimate by the former
method probably reflected the fuel use pattern of the dry season, when
the survey was made,

According to the data (Table 5), per capita consumption of hiomass
fuels decreases as landholdings increase: 5.4 G]/year for 0.1 acre land-
holding size to 3.8 G]/year for landholding size of 7 acres and above. The
figures are opposite to those of Quader and Omar (1982). Lower per
capita fuel consumption by higher landholding group has been attributed
to economy of scale of cooking, variation in type of food cooked by
different landholding size, and higher technical heat utilization efficiency
of the type of fuel used by higher income group houscholds (FAQ 1981a),
According to Table 5, per capita consumption of the low-grade biomass
fuels (residues, twigs, leaves) decreases with the increase of land holding.
Per capita fuel consumption and its composition, however, also depend on
specific location, Interpretation of data aggregated by landholding size
for the entire country is difficult. Fuel consumption data of different
agroclimatic zones tabulated separately by landholding size would have
been more usetul.

The average per capita fuel consumption estimated by the study was
444 GJ/year. The amount and type of estimated fuel use varied by
region (Table 6). T'he estimated per capita consumption of Region 2 was
the lowest (2.95 GJ/year), which may be attributed to its location in a
poorly forested area. Region -'s estimated per capita fuel consumption
(3.77 GJ/year) and estimated tree fuel consumption (210 kg/vear) (FAO
1981 a) were similar to Iskun's estimates (F980) of 4.9 GJ/vyearand 229 kg/
year for 23 villages in the same region. In Region 3, higher per capita fuel
consumption (185 G]/year) may reflect higher availability of tree fuel
(43 percent of total biomass fuel). "T'he highest per capita fuel consumyp-
tion, 5.23 GJ/ycar in Region 6, was attributed to the effect of urban-
induced high income (FAO 1981a).

The study did not specily end uses of kerosene. Although kerosene is
used in rural Bangladesh mainly for lighting, aggregating kerosene with
gas and charcoal has made it difficult to analyze their consumption
pattern. Even though a systematic statistical procedure was followed in
the survey design, this particular set of data lost its useful meaning due to
method of presentation,
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TABLE 5.
Composition of Biomess Fuels Consumed in Rural Areas of Bangladesh

Type of Biomass Fuel

Landholding Grade 1 Grade 2 Grade 3 Total
Other Biomass
Parts
Acres Firewood Branches Bamboo Total Residues of Trcus

GJ/year per capita

0-1 0.51 0.65 0.38 1.54 2.24 1.63 5.41
1-2 0.36 0.83 0.48 1.67 1.87 1.54 5.08
2-3 0.51 0.68 0.51 1.70 1.87 1,28 4,85
3-4 0.41 0.76 0,41 1.58 1.66 1.08 4,32
45 0.57 0.66 0.36 1.59 1.57 1.07 4,23
5-6 0.76 0.71 0.48 1.95 1.39 1.03 4,37
6-7 0.59 0.68 0.50 1.77 1.58 0.79 4,14
7+ 0.82 0.95 0.35 2,12 0.94 0.75 3.81
Weighted
Average 0.54 0.74 0.42 1.70 1.80 1,32 4,82

Source: Figures are calculated from (FAO 1981a), Yearly Recall Data.,

Note: Firewood is wood from the main trunk of a tree. Branches are large
branches cut from a tree., Residues are agricultural and animal residues,
Other parts of trees are defined as small branches, twigs, leaves, and bark.
Grade 1 fuel quality is superior to Grade 2 and Grade 3. Grading has been set
by me based on my experience. (See Note 2 at the end of this chapter for
conversion factors used on original fuel consumption data,)

Rural Energy Survey

The Centre for Policy Research (CPR) at Dhaka University published a
reporton a rural energy survey of 23 villages in nine districts of Bangla-
desh (Ataur Rahman 1982). The survey data were collected between late
1980 and mid 1981, over three different seasons of the year: winter
(December), summer (April), and rainy season (July). In each period
the survey took two weeks.

'The entire area of Bangladesh was divided into five geographic groups
with these characteristics in mind: (a) forest areas, (b) densely populated
areas, (c) coastal areas, (d) landhoiding patterns, (¢) development activi-
ties, and () selected socioeconomic characteristics. OF 1,200 houscholds
selected for the survey by a three-stage stratified sampling process,
complete data were available for 760 houscholds. Responses from tne
rest were not obtained due to migration, temporary absence during
interviews, and lack of communication with mterviewer.

Fuel consumption data were gathered only for household cooking,
Biomass fuels in the questionnaire included wood from main trunk,
branches, leaves, bamboo, and agricultural residues (paddy straw, bagasse,
animal dung, other crop residues). Also included were charcoal, kerosene,
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TABLE 6,
Household per Capita Fuel Usage, by Regions of Bangladesh

Fuel Consumption Regions
Type of Fuel

1 2 3 4 5 6
GJ/year
Firewood 0.79 0.88 0.84 1.20 2,07 1.99
Other Tree Fuel 1.42 0.79 1,22 1,22 1.04 1,0
Residues Including 2.84 1,28 2.43 1.35 1.74 2.24
Bamboo
Total 5.05 2,95 4.49 3.77 4,85 5,23

Source: Figures are from FAO 198ta

Note: Region | : Rajshahi, Bogra, Rangpur, Dinajpur (northwest)
Region 2 : Kustia, Pabna, Faridpur, Jessore (west)
Region 3 : Mymensingh, Dacca, Comilla (north central)
Region &4 : Barisal, Patuakhali (south)
Region 5 : Khulna, Sylhet (forest fringe)
Region 6 : Dacca, Khulna (urban fringe).

Heating values of fuelwood = 12,87 MJ/kg, twigs and leaves = 12,87 MJ/kg
and cowdung = 11.63 MJ/kg used by the study (FAO 198la) in this table
are different from those used in previous tables (see Note 2 at the end
of this chapter). Due to unavailability of raw data, it has not been
recalculated.

petrol and other oils, and electricity. No mention was made about fuel
used for household lighting.

According to the survey, the potential per capita availability of fuel
energy from tree biomass was estimated as 4.1 GJ/year. However, the
report did not explain the method of estimating standing tree biomass or
state the heat values used for calculation. The composition of sources of
supplies for cooking fuel was tree biomass, 56 percent; crop residues, 38
percent; animal dung, 5 percent; and kerosene and charcoal, 1 percent
(Rahman 1982). The study reported that 61 percent of the families used
fuelwood for cooking in the rainy season compared with 39 percent in the
winter and 38 percent in the summer. Seventy-six percent of the families
used paddy straw for cooking in winter, compared with 28 percent in the
rainy season and 36 percent in the summer. Similar seasonal variation was
observed for leaves used for cooking,

Total energy used by respondent households reportedly was 1,700 GJ/
year. Various end uses were houschold cooking, 72 percent; fertilizer, 22
percent; and rural industries, 6 percent. Without explaining the basis, the
study reported estimated fuel use per capita for cooking as 1.6 GJ /year—
awide discrepancy from estimated fuel consumption reported in the
same table (Table 4 in Rahman 1982). Even the higher per capita fuel
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consumption estimate of the study is much less than any of the previous
estimates. Without statistics of the original weight of fuel and the corres-
ponding calorific value, nothing can be inferred about this wide differ-
ence in estimated fuel consumption,

Energy consumption per household was reported to increase as the
amount of lar d owned increases. The percentage of fuelwood, straw, and
kerosene of total fuel consumed increased with the increase of landhold-
ing size. However, use of branches, leaves, and cow dung decreased with
the increase of landholding size.

Households in districts with more forested area (Chittagong, Sylhet,
and Barisal) consumed more fuel than did forest deficit districts (Pabna
and Bogra). Districts with larger supplies of food grains used a higher
proportion of straw for cooking (Rahman 1982).

The study made the following recommendations: planned, efficient
land use for agricultuval yield and energy plantation; plantation of fast-
growing trees; diffusion of improved stoves; and massive inputs of new
energy sources to improve the quality of life. Long-term recommenda-
tions of the study included rural electrification and expanded rural use
of natural gas.

ASSESSMENT OF ENERGY STUDIES

Eight studies are available in Bangladesh for deriving estimates of
rural energy use. Estimated per capita consumption of biomass fuels for
cooking and their composition vary according to the particular study (see
Table 7). Definitions of fuel types differed so composition is only roughly
estimated. Because of widely varied objectives, scope, and methodologies
(Table 8), the studies do not provide a reliable overall database for
formulating policy on rural energy. This section aims to assess critically
the strengths and weaknesses of previous studies with the objective of
providing a guideline for future rural energy studies.

Study Objectives and Scope

On the basis of differences in objectives, previous rural energy studies
can be classified into two groups: policy formulation (GOB 1976, FAO
1981a) and rescarch to assess energy needs (Tyers 1978; Briscoe 1979:
Islam 1980; Rahman 1982; and Quader, Omar 1989).

The Bangladesh Energy Study (RES) attempted to formulate an
overall national energy policy (GOB 1976). Due to casy availability of data
on commercial energy matched with the experience of experts, a detailed
analysis was made of the commercial energy sector. Since data were
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TABLE 7.
Composition of Biomass Fuels Used For Cooking in Bangladesh

Composition of Sources of Biomass Fuels

Agriculture Animal Per Capita Fuel
Reference Tree Residues Residues  Total Consumption
Percentage GJ/year

(on heating value basis)

(GOB 1976) 12.5 62.5 25 100 2.8
(Tyers 1978) 7 66 27 100 5.0
(Briscoe 1979) 36 61 3 100 6.8
(Hughart 1979) 4,3-7.6
(lslam 1980) 71 24 5 100 4,9
(FAO 198la) 63 37 + 100 4.4
(Rahman 1982) 57 38 5 100 1.6
(Quader, 59 38 3 100 8.1
Omar 1982)

+lncluded in agricultural residues,

Note: Tree: firewood, branches, twigs and leaves; agriculture residues: rice
straw, rice hulls, jute stick, bagasse, and other crop vesidues; animal
residue: dry cow dung.

absent and understanding of rural energy needs was limited, a simplified
method based on supply-side estimation was used to approximate tradi-
tional fuel use. From a national energy planning perspective, BES
provided useful policy guidelines for development ot commercial energy,
but its contribution to development of traditional energy was not effec-
tive. Although approximate, as the first of its kind, the BES estimate of
traditional fuel supply was used by Luter studies as a basis tor comparison.
Its results subsequently have been shown to be “highly misleading™ and its
supply-side estimation methods have been termed "nota viable substitute
for divect consumption estimation™ (James Douglas 1983).

The BES report suggested that acdetailed rural energy study be made.
"This could have been a very usetul input in formulating rural energy
policy in the Second Five Year Plan, but such a study has not been under-
taken yet. Reasons for not undertaking a rural energy study may include
lack of financial resources and shortage of trained researchers. Eight
years have passed since the first national energy study was done: enough



TABLE 8.
Methodological Comparison of Energy Studies in Bangladesh

Reference Objective Scope Method

GUB 1976 Assesscent of energy con- Entire country Suppay side es:ination of traditional sources from aerial
sumption and sources for photograph.
policy formation.

Tyers 1978 Research to assess rural Rural Bangladesh Secondary data.

Briscoe 1979

Hughart 1979

energy need.

Research to assess rural
cnergy need.

Village energy balance.

46 households from one
village.

Total census of 77
households in one

village.

Islam 1980 Research to assess rural Tetal census of 2,820
€nergy need and poten-— households in 23 vil-
tial for introducing new lages in one area
energy technology. {Nabagraz Unien,

Barisal District).

FAO 198la Assessment of supply Main survey covered
z2nd demand of forcst 6,000 households,
products for policy fromw 430 villages of
foraulation in 18 districts. Fi-id
forestry. peasuresent, 1 100

households. Three-
stage strati:ied randoo
sacple cover:ng whole
country.

Rahman 1982 Research to assess rural 760 households froz 23
energy need. villages of 2 dis-

tricts, seiected by
three-stage stiatified
random sazpling

Quader, Onmar Research to assess ruial Total census of 95a

1982 energy need and poten- touseholds of 4 vil-

tials for introducing new
energy terminology.

lages in one area
(Kulaghat Union,
Rangpur District).

Participant observation and fielu measurement by
principal researcher. Survey duration: B8-1/2 months
(May 1977 through January 1978).

Unknown,

Data collected through questionnaire and participant
observaticn: 2 field supervisors, 20 field
investigators. Data analyzed canuvally by B data
analysts. Survey duration: July through October
(rainy season) 1978 ard April (dry season) 1979,

Dz2la collected through questicnnaire by 2 field
coordinators, 14 supervisors, and 70 field investi-
gators. Data analyzed by computer. Survey duration:
January through February (dry season) 1950,

Data cellected through Guestionnaire by 25 investigators.
Survey duration considered the cffect of seasonality:
winter (December), summer (April), rainy season (hly).

Data collected through questionnrire and participant
observations by 2 field supervisors, 12 field investi-
sators. Data analyzed manually by 3 data analysts.
Survey duration: (Marcn through July and December 1981).

oL
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time to train a group of indigenous experts. Because of weakness in
science and technology policy planning, however, the country is in no
better position with respect to trained personnel for energy assessment
than itwas eight years ago. Any research capabilities developed in the
energy ficld in this period have been the result of individual researchers’
initiative and not part of national research planning. Preferences of
individual rescarchers have resulted in a general bias towards develop-
ment of particular energy technologies. Few indigenous researchers have
been involved in policy-oriented energy research. The quality of their
work and its application in policy formulation have suffered due to lack
of coordination.

Decision makers have an inherent preference for energy studies
carried out by expatriates. 'This helps them mobilize scarce financial
resources needed for the survey, ltalso assures further funds for imple-
menting projects identified by the survey. This attitude of decision
nakers matches the outlook of external funding agencies, who are often
more confidentabout the capability of expatriates than local experts.

‘The objective of rural energy studies should be not only to estimate
energy supply and demand but also to develop asystem that is socially
and culturally acceptable 1o meet future needs. In this regard, expatriate
experts find limited acceptability of their suggested techmological solu-
tions. In the absence of comprehensive rural energy assessment, decisions
about supplving energy for rural arcas are made on an ad hoc basis.
Projects with external funding prospects get priority in decision making.

The BES as well as policy actions regarding national energy planning
provide some directions concerning the objectives and scope of future
energy studies. Adequate attention should be given to assessment of v al
energy. Natiocnal energy survevs should not be considered a onee-in-i-
while ad hoc exercise. Time series dat gathering is required for long-
term energy planning and for assessing the effect of short-term plans.
Appropriate institutions must be selected and people trained to conduct
energy surveys at regular intervals. In addition, energy demand and
supply data may be gathered as a part of other national survevs (e.g.,
agricultural . foresury, livestock, nutrition, household expenditure, and
industries surveys). This would of course require close collaboration
among differentagencies to make adjustments for the virrious sampling
designs used in collecting printary data,

The Wood and Bamboo Consamption Survey (FAQ 1981a), designed
to provide a database for planning the Forestry Sector, had limitations
discussed carlier in assessing rural energy need. With modified question-
naires, information on certain aspects of rural energy use could bhe
obtained. A separate docunient (FAQ 1980) has critically reviewed the
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LW
3 b

methodologs of the forestry surves and suguested micegration of forestry
statistics with acontinuing agricultin . surves and Lier with rural
houschold survevs: This would permit analvsis of forest datain relation
to local agroclimatic, lindholding, and nser charicteristics.,

Fhe importance of traditional energy sources in supplying the ol
encrgy need was identiticd by BES Tvers (1978) pointed out the visk of
declining per capita residue availabilitg witly adoption of high-vield,
short-straw crops. Such obseryations it the macro level are not adequate
for making specitic policy decisions.

The scope of sudy on patterns ol energy use m 18 honsehaolds (Briscoe
1979) provided insight onenergy tansactions of ditferent socioeconomic
groups, although the single study village cannot be assumed to be repe-
sentative of other villages. This tpe of study has merit in identity ing the
sociocultural factors atfecting the diffusion ol technoloay i rural areas.
Actual measurement ol fuel consumption and participant observition by
the rescarcher tor the total period of study are the two distinet method-
ological differences from othar studies. hose asnects enriched the
quality of work at the expense of higher personnel cost.

Two microregion survevs (Islam 1980; and Quader, Omar 1982
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undertaken by the Chemical Engineering Department, Bangladesh
University of Engineering and Technology, focused on the interrelation-
ships between different village resources and energy patterns. These
studies covered the first phase of introducing alternative energy technol-
ogies. Lack of continuity of rescarch funding, however, handicapped the
testing of various energy technologies in selected locations within the
survey villages.

Both macro- and microstudies are necessary for national energy
planning. Macrostudies arve needed to assess regional and national
demand and supply to formulate national energy policy. Ina rural
context, microstudies are essentiil to understanding energy needs of
different sociocconomic groups in velation to their cultural background.
Assessing the potential of various energy technologies and designing their
delivery system also requires inflow of knowledge from microstudics.

Factors Influencing Energy Use and Sample Design

Household cooking fuel consumption is a central concern of rural
encergy studies From available studies, factors affecting per capita fuel
consumption include

1. Location of reserve forests in relation to the distribution of urban
and rural population.

2. Ownership accessibility of fuel-producing resources, such as
trees, agricultural land, and animals,

3. Agriculture Imdholding and type of crop. Some crops are net
producers (jute, cotton), net consumers (tobacco), ind both
producers and consumers (rice and sugarcane) of houschold
fuels.

4. Household or mill processing of paddy and sugarcane.

5. Local practices of providing food as part pavment of agriculture
wage.

6. Seasonal migration of rural laborers and families.

When village or houschold samples are drawn at random without
considering these factors, sharply conflicting figures on rural energy
consumption may be obtained. Without knowledge of interrelated
tactors, incorrect inferences may be drawn about the accuracy of data
collection. It should also he noted that factors such as choice of cropping
system, method of postharvest processing, method of wage payment,
and temporary migration may vary from year to vear due to individual
houscholds’ decisions in response to changing civcumstances.

The ultimate size of sample used in different studies has been decided
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mainly by resource and time constraints, Careful attention is needed to
identify appropriate sample designs for different types of surveys, 1o
match their specific objectives and determining factors.

Output Design

Considerable savings in data gathering and analysis can be achieved if
the output format is decided according 1o the objectives of survey prior to
questionnaire design. Effective output and questionnaire designs depend
on the experience of researchers. A critical analysis of energy surveys
indicates that either a small fraction of data gathered has been actually
presented for discussion or that the tabulated results could not be inter-
preted due to lack of specific data. This of course indicates that, so far, a
standard survey methodology has not been developed.

Questionnaire Design

Some commor. veiaknesses and unresolved issues of energy survey
questionnaires used in Bangladesh are

I. Fuelamounts consumed by the household were recorded without
reference to specific end uses.

2. Different terminology or classification was used in wdentifying
traditional fuels.

3. Exceptin one microstudy, the amount of fuel consumed was
estimated by memory recall method. Time periods used in
different surveys were daily, weekly, six monthly, and vearly.
Direct measurement of fuel is reliable, but to what extent it is
feasible requires proper assessiment.

4. In one macrosurvey, the same questionnaire was used for urban
and rural areas, resulting in confusion.

5. Although introduction of efticient stoves 1o save cooking fuel is
considered as a policy option, only two studies have included
mformation about existing stoves.

A review of questionnaires reveals two important points: a single question-
naire is not adequane for data gathering in rural energy surveys, and
multidisciplinary expertise is needed in designing questionnaires.

Data Collection

In most studies the field survey was done during the dry scason,
mainly because the sites were more accessible and funds were more casily
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available. As discussed earlier, biomass fuels are more abundant in the
dry scason. Estimates of Tuel use by memory recall miight reflect the fuel
supply situation at that time.

Survey people staved in the field from two weekstoa few months.
‘The reports do notidentity the actual time spent for data gathering. For
specific purposes such as actual measurement or estimating scasonal
variizions, data were gathered more than once. When the nature of data
requires multiple contact with the respondents and aceess to private
premises, such as with measurement of stove dimensions (Tslam 1980),
recruiting tield investigators from the survey areais convenient. Presence
of an experienced researcher to actas participant observer as wellas
supervisor can improve the studvs overall quality. Hqualified people are
unavailable, less exverienced people man he reeruited and trained for
supervisory roles in large-scale swrvevs, with an experienced rescarcher
providing overall observation of the areas surveved. When the National
Statistics Otfice assumes charge of a tield survey, i experienced energy
rescitreher should be involved at various stages of the survey,

Data Processing, Interpretation, and Analysis

Gathering and analysis of rural energy data are notan end in them-
selves. Data should be presented in sucl a way that they can be easily used
as instruments for decision making. Some lessons from the weaknesses of
data anlvsis of previous studies are as follows. Islam (1980) did not
consider sociocconomic stratification in presenting sarvey data As a
result, the magnitude of problem of different socioeconomic groups
could not be determined. For policy planning purposes data presented
for specific administrative units (e.g., district, thana are convenient. If
these units are made up of more than one agroclimatic zone, however,
methods must be found to obtain and present dataseparately for the
respective zones.

Report Preparation and Distribution

Because of variation in objectives, scope, and availability of resources
and expertise, distinet differences cmerge between the reports of policy
and research studies. Policy studies have published multiple volume
reports, with main policy issues in one volume and specific subjects in
separate volumes. In the Forestry Study, each volume was prcp;lrcd by
an experienced subject matter specialist.

Research-oriented studices have presented their findings ina single
volume. Some of those reports have details on survey methodology,
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unconverted survey data, conversion factors, survey results, and findings.
Others include mamdy the survey results and findings. From arescarch
perspective, the former scope of report is more uselul than the Jauter,
‘Those reports have valuable experience for future policy studies but
could not make much impact on existing encrgy policy. Their limited
contribution can be attributed to the following tactors: limited geo-
graphic scope, lick of researcher experience m linking survey findings
with national policy, and Lack of understanding of technical aspects of
energy datas These studies have been the first experience of energy
survey for their respective rescarch leaders.,

For effecuve use of reports, careful consideration is needed in choice of’
the title and tormat. A study covering different subjects may need sepa-
rate reporta, Policy issues might be discussed in one volume and specific
subjects presented separately. On this point, the author’s own experience
with the distribution of a reseas ch report (tslam 19800 is an example. The
study was carried out with a grant from the International Development
Research Centre (IDRC), Canada, under the project on Socio-Feonomic
Evaluation of Biogas Technology, To comply with the formalities of the
rescarch grant, the report was entitded “Study of the Problems and
Prospects of Biogras ‘Technology as a Mechanism for Rurval Development:
Studyv in a Pilot Areaol Bangladesh!™ 'To present the actaal nature of the
studdy, asecond tile was also mcluded, " Village Resourees Survey tor
Assessment ol Alternative Energy Technology” With the first tide, the
report mostly drew the attention of biogas rescarchers, Rescarvchers
working on rural energy surveys realized the reports relevance only
through the second title. Although a substantiad part of the report was
devored to stoves, it had linde distribution among stove researchers,
Atleast two separate volumes would have been amuch more
effective format.

Justification of Future Rural Energy Studies

The availability of eight rural energy survevs in Bangladesh may tend
to impress the uncrigeal analvst that enough mformaton is available 1o
formulate rural energy poliey. The various limitations of these studies
have been shown, however, This background reveals a definite need for a
rural energy study to decide futire peliey options. Careful consideration
should be given to deciding the objectives (short term, medium term, and
long term), as well as scope and methodologies for the study.
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Future Studies

The Asian Development Bank has agreed to finance an Energy
Planning Project to be implemented by UNDE This involves vpdating
energy dataand preparing an Energy Master Phan fov Baugladesh to the
vear 2000, Special attention will be grven to energy pricing policy and
rural energy development. A Rural Energy Surves sponsored by USALD
is under government consideration, The infor mation gathered would
provide data for the Fnergy Phinning Project.

CRITICAL i1SSUES AND DIRECTIONS FOR FUTURE RESEARCH

For rural development, energy need must e assessed to provide Tood,
fuel, fertilizer, off=-farm emplovment, and transport for rural people and
fodder for their domestic animals, Most rural energy stadies have coneen-
trated on assessing energy need for domestic cooking and lighting. An
nmportant arca for future rescarchis to identifv energyvarelated projects
to tacilitate optimum use of resources to meet the pasic requirements of
rural development.

Several Bangladesh research institutions are engaged in developing
various alternative energy technologies expressiv for rurabareas, Their
researveh has concentrated mainly on developing prototypes and on
performing scientific and engineering tests under laboratory conditions,
Limited tield testing and demonstration of alternative technologies have
been attempted. Lack of understanding of users’ needs and absence of
appropriate institutions have severelv limited suceess. Based on assess-
ment of vinrious energy studies i Bangladesh, rescarch on new energy
technology development shouid he conducted in close collaborition with

need and resource assessment studies.
Need and Resource Assessment for Technology Development

As land is the basic means of rural production, 1escarch should first
aim to optimize use of Tand resourees. € yptimum use of both farmland and
homestead Land should be considered inan integrated farming svstem.
During cnergy studies ithas heen observed tha homestead Land s used
for ditterent productive purposes such as multipurpose trees, seasonal
vegerable crops, domestic animals and poultry birds, fish, and processing
agriculture crops. Similar observations arve reported by Richard Harwood
(1979). So far no rescarch lorthe optimum use of homestead Land has
been undertaken, Isolated attempts have been made to optimize some
subsvstems but with only limited suceess, Various technical innovations
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suchas improved stoves, Last-growing trees, and biogas technology
need to be assessed along with existing homestead Lind use and
other subsvstems,

In Bangladesh agriculture research has been initiated by monocrop
institations. In recent vears, to improve the diffusion of rescarch vesults o
Formers, attempts have been mide to assess costs and recurns of different
crops under selected eropping systems (BRRTTOST, Hoque, Hobbs 1981
Hod, e and others T982) From the energy point of view, analvses of single
crops are of mited use. The studies hine i 2nored the contribution ol
agriculture vesidues and have tainly compiled outpnt daticin terms of
money rather than consumption units,”

Farmers' decisions on the use of cropesidies as tadder, building
materials, and fuel should be reflected in energv-orienied analvsis of
local farming svstems, With less competitive vrice of jute fibers, farmers
have been found to cultivate jute to Hbtain che benetioof jute sticks as fuel,
In the carlv 19705, incensive cultivation ol tobacco in some northern
districts reportedly resulted in rapid depletion of 1ree resources for
tobacco curing, Later, tobacco cultivation had to be reduced duce to
fuclwood scarcity, Formers have responded to the searcine ol fuehvond by
cultivating cotton to use cotton stalks as cooking fuel. Excessive cutting ol
trees has cansed droughts in Cais area that in turn attected cotton culiya-
ton (The Sanghad TO8D),

Development of optimum farming and energy svstems should start on
the irmers” fiedd ind homestead tand, notin the artiticid environment
ol rescarch mstitutions (Harwood 19790 Willis Shaner, P Philipp, and
W, Scluniehl TOR2)1 Onee optamum farming svstems ave identified,
arrangements must be made for necessarv external inputs in the form
of credin, extension services, fevulizer, irvigation, energy for irrigation,
pesticides, and marketing opportunities.,

The farming svstem adone would not suttice 1o provide fult employ-
ment tor the ruval people. A broad-hased assessiment of off-firm
cmplovment opportunities would require analvsis of the potentiad of raw
nuaterials, energy local skill, storage, transport, and marketing. Selection
of atechnology package should be oriented oward maximizing
productive emploviment, recognizing capitad limitations and contributing
to capital formation. Identification of appropriate research institutions,
maobilization of multidisciplinary rescarch teams, and necessary logistic
supportare the eritical issues for the snceesstul implementation of such
a program.

Combining ot needs assessmentwith development of a specific
technology is illustrated in Chapter 8, where user needs and resource
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constraints atfecting stove improvement are documented from the
Nabagram study reported inthis chapter. In the nestsection, need
and resource assessient for technology development are illustrated
by application of microstudy findings to biogas development,

The two ez or physical constiants for biogas diffusion are unavaila-
bility of sufticient dung and high capital cost. The surveys by Iskam
(1980) and Quader, Omar (1982) observed that more than 50 percent of
the houscholds did not possess any cattle. Less than 15 pereentof the
houscholds possessed the four heads ol cattle necessary to sustin a
family=size hiogas plant fueled by cattle dung. Only vici houscholds can
individually owna familv-size biogas plant. Che avcrage costofa family-
size biogas plant (floating-gas-holder type) is from US S600 to 5750,

Dry dung available from three adultcatle is 6 kg /day —suthicient to
meet the cooking fuel need of a family of six persons. H, then, the Lanily
could choose whether to invest US $600 to make o biogas plantorto buy
three cattle, they would definitely choose the cattde because thev would
have both aw opportunity for income as well as aowav to meet the cooking
fuel need.

Cooking requires 90 pereentol all fuel consumed inrural houschaolds
in Bangladesh and cooking fuelis scaree. Theretore, promotion of biogas
technology is considered i policy option for solving the rural cooking fuel
problem —one that would also reduce the deforestation raie. However,
ownership of land producing biomass resources is concentrated.
Wealthier houscholds able to purchase a biogas plantare not atlected by
the fuelwood crisis and do not have ateb need™ foi use of hogas for
cooking. They casilv meet their cooking fuel needs without any capital
investment. On the other hand, poorer houscholds sutter from scaree
supplies of cooking fuels. They canmotatford a biogas plane, chev must
continue using hiomass for cooking,

Savings of fuclwood possible it richer houscholds ased biogas would
not neccssarily be available o the poorer houscholds. Therefore, hiogas
plants installed to it the resources and motivations ol individual house-
holds in meeting their cooking luel needs would not solve the cooking
fuel erisis in rural areas,

[1a biogas plantis designed to meet energy needs forirrigation or any
other productive purpose, users would appreciite the savings n petro-
leum fuels. However, in riral locations where electricity is available from
a grid for irvigation and industvies, users might not have the same felt
need fora biogas plant.

Installation of community biogas plints is considered a strategy for
reducing capital costs for biogas generation (see Chapter 10) Few exaumn-
ples exist of successtully operated, community -owned rural technology in
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Bangladesh. The successfuloperation of i community biogas plant
depends on the strengih of social institutions (see Chapter 7). Design of a
cooking svstem that meets demands of ditferent users is a compley task.

Smee dung is available close by, the prospect of communiny biogas
plants may be assessed on a homestead basis, But the nuniber of home
steads with an adequate cattle / person ratio 1o produce sutficient dung to
generate biogas for cooking would also be very limited. Homesteads with
sufficient cattle could install biogas plants to meet just the energy need
for lighting, Fhe biogas vequirement tov tighting mot including portable
ligghes) i ae average homestead vith three households s

3 houschold 3 Lanp 3 hour 0.07m'* ~ -
chotd, mpooy X ! = L9mY sav2m’,

homestead houschold dav Lunp hour

Fhe 2m per dav necessary for lighting in such o homestead is approxi-
mately the amount of gas required for cooking by asingle family, Alterta-
tvely, small biogas plantsintegrated with sanitary Latrines could be
designed o meet the energy need for lighting onlv. A biogas plant
mstalled tor fighting would save approximately 6 gal of kerosene per
houschold per vear, resulting in reduction ol kerosene i aports. Fhis
option would become more viable it the price of petroleum again rises.

In Bingladesh, one of the important uses of energy tor productive
purposesis for pumping irrigation water. he energy need torirvigation
is seasonal and s imited to drv months Gncluding the cold months),
Generation of biogas is considerably reduced ar low temperature, In
specitic locations, a biogas plant designed 1o meet the energy need for
nrigation should be based ona gas production rite corresponding to the
temperature ol winter months, For the rest of the vear, due to high
ambienttemperatures, gas production rate would be higher. An Appro-
priate use of generated gas duving this period must be found tor the
optimum use of the plat.

Inclocalarea abiogas plant can also oe designed to meet the energy
needs of ditferent end uses as a part of an miegrated svstem, Successtul
operation of such plant would depend on the strength of social organiza-
tion, not success of technical controls, The importanee of social factors in
organizing use of alternative organic imaterials as feedstock ind inusing
digested dung as high-qualitv inanure is turther stressed in Chapter 10,

In Bangladesh, research on biogas technology was initiated in 1972,
For work unol October 1980, see Iskun (198000, In 1980, the Envivon-
mental Pollution Control Divectorate (E1CD), i department ander the
Ministry of Science and Technology, started i project to promote biogas,
In the first phase, they plan o install 250 demonstration plants
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difterent locations around the country. In 1980 =81, EPCD installed
110 fixed-dome type, family-size biogas plants at no cost to the users.
The total cost of cach plant was TK.6,500 (1S $325) and was met
from government fund. The beneficiaries were selected by district
administrative authorities and EPCD was responsible for installation
of the plants. Preliminary assessment indicated unsatisfactory per-
formance of most fixed-dome plants.

At the beginning of 1982, EPCD mitiated a vescarch project to reduce
the cost of biogas plant. Thev claimed to have developed a floating gas
holder plant costing only FK.3,500 (US$175). In this plant, the digester
is made ot 5-inch thick brick wall. Ordinary clay is used 1o join brick,
and the inside of the digester is plastered with sand and cement. A gas
holder is made of 2-f-gauge galvanized iron sheet. Construction of these
plantsis planned for ditferent locations of the country toevaluate field
performance.

Based ona preliminary survey, IRDP estimated thatin 350 IRDP thanas
7.000 houscholds would be willing to install abiogas plant ata cost of
Tk.5,000 (US 52505 1 the cost were more, the number of prospective
users would be less, Reportedly biogas plants would be in considerable
demand if they are designed for productive use, such as running shallow
tubewells.

Enhancing Research and Evaluation Capacities

Faergy needs vary according to particular areas, seasons, and
socioeconomic conditions, Observations from microsurveys should be
assessed considering energy demand and supply in intermediate zones to
conceptualize regional and aggregate national opportunities and policies
for rural energy development. The objectives should be not only the
development of a particular varal area or zone but also the removal of
ditferences betwesn zones atd socioeconomic groups. Uhis strategy for
rural energy planning fits within the framework of regionaland spatial
planning outlined in the Second Five Year Plan.

In the past, technologies selected for rural development assumed a
guaranteed supplv of eriergy. Energy need should be aeriterie ol the
technology packages selected tor vural development. “Technologies
selected also should allow for using local resources. Assessment is neces-
sarv of the prospect of using biomass to meet interlinked rural energy
needs for subsistence as wellas development.

This chapter shows that energy studies in Bangladesh have depended
on ad hoc institutional arrangements with consultants and university
rescarchers. Considering the importance of energy, collection of energy
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statistics should be considered part ol a national statistical system. No
mstitution exists to rescarch the issue of traditional and conventional
cnergy sources. A detinite policy guideline tor rescarch and development
on rural cnergyis needed, balanced between laboratory and field re-
scarch, and between hardware development and policy research to
assess apphicability.

Education and training on energy issues should be conc.dered an
integral part of rural energy delivery svstems. Training programs should
be designed not only for workers m the energy sector but also for other
departunents such as Agriculture, Livestock, Fovestry, and the IRDP.
Energy should be an mtegral part of curriculivat various levels ot educa-
tion. People also should be informed about futire changes o energy
sources and policies.

The methodology adopted i the Nabagram study for assessing
alternative energy technology is satisfactory. A nationwide survey may
select sample villages throughout the country based on agroclimatic
romes. Within aselecied village, survey ol total households is appropriate
instead of further sampling inovder to gain deeper understanding of
varving cnergy use patterns and relationships. Ownership of kind s
normallv esed o stratify rural houscholds: however, tor the same Laned-
holding group, percapita fuel consumption may vary under different
houschold and homestead circinmstances.,

Anotherissite thin needs serious consideration is identification of an
appropriate methodology for eviduation ol rural development projects.
The success of arural dehivery svsten is normally evaluated interms of
the numbe s of units mstalied mthe raral avea rather than the actual
number used and level ol operation. Given the inadequacies in the
evaluation svstem, persons engaged inraral development acavities have
failed to beviefit from an appropriate feedback mechanism. As a result,
irrelevant progriams have been perpetuated by the development authori-
ties without constr active criticisn Appropriate indicitors of success in
cuergyv-related projects include (1) biogas — the number of units in
operation and their impact on solving ru.al energy problems, (2) for-
estrv —the number of live seedlings alter one vear, (3) rural electrifica-
tion —the number of pumps and other rural productve units actually
using clectricity and the cconomic limitations of most people not using
clectricity, and ¢ D improved stoves —the number of improved stoves
actually in use and the project’s contribution toward solving the
fuelwood problem.

Common observable characteristics ol energy survevs in developing
countries include supervision by university academics, surveys scheduled
during vearhy university holidavs, selection of survey areas close to the


http:cllei.rp

Critical Aseessinent of Bangladesh Situation 85

university, accessibility of area by modern transport, and use of final vear
or graduate students as survey enumerators or fiekd mvestigators. One
reason for this pattern of university surveys is the expecied relative
savings on survey costs, Ultimately, asurvey identifies projects or contrib-
wies to decisions for activities much morc costly than the survey itself. For
the success of the identitied projects, the quality of survey sheald not be
sacrificed in order to save survey cost, Although university academics
have professional research experience, it the research demands continu-
ous attention their choice as supervisors might not he approprivite.
Morcover, it competence of acidemic researchersis assessed by the total
number of research publicitions, and the rescarcher maximizes availuble
research time for publications, time available for tield visits might not be
adequate or appropriate. Two to three weeks is not adequate time for
urban-biased university students to tamiliarize themselves with a particu-
Lar rencad sitation. Teaining of field investigators and enumerators is

very important to maintaining the quality of data.

Fnerpy plavs acvital role in rural development. To make the develop-
ment eflort meaningtul, caretul understanding of specific rural energy
problemsis essential. Steps required for such understanding ave mvolve-
ment ol relevant personnet and agencies, choice and combination among
action researeh and sunvey research methods, datacanalvsis, problem and
projectidentification, design of technology development and diffusion
svstem, implementation mechanism, and evaluation and feedback
procedures, No unitorm solution is fikely to meet the need, Observations
of various enerpy studies carried out in Bangladesh indicate that wck of
understanding mav resultin detours wovay from the main route of rural

development.
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NOTES

1. TK.20.0 = US §1.0.

2. The lower heating values of different types of traditional fuels reporte.d
by the Bangladesh Energy Study (GOB 1976) were used for conversion
i Tables 2 10 5. They are as follows:

Fuelwood with average moisture = 15,12 M| /kg

Bagasse (50% moisture) = 741 M| /kg

Cow dung (H0% moisture) = 8.61 MJ/kg

Vegetable wastes, rice hulls, vice straw, twigs and

leaves == 12.6 M| /kg.
Agriculture residues include rice hulls, vice straw, bagasse, jute sticks,
and other crop stalks. The conversion factor used for kerosene was
16,055 k] /kg.
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Policy Analysis of Rural Household
Energy Needs in West Java

M. Hadi Soesastro

BACKGROUND

The Republic of Indonesia is an archipelago of about 13,000 islands,
with a total land avea of about 2 million sq km. Administratively, the
country is divided into 27 provinces, 295 districts (kabupaten) and munici-
palities, and then into 3,329 counties (kecamatan), administering 62,865
villages (desa). The 1980 population was about 147 million people, of
whom 78 percent live in relatively underdeveloped rural areas. The
second Five Year Development Plan (1974775~ 1978/79) concentrated
on rural development to improve the socioeconomic conditions of that
majority population.

Rural Development Policy

A desa, or Indonesian village, is considered an entity of territory and
population and an integral part of the country’s administrative network.
Rural development strives to strengthen those elements in all their
aspects of lite, political, economic, and sociocultural.

The concept of development in villages is based on strengthening the
initiative and self=help of communities, so they can utilize their resources
better, Establishment of comnuuity institutions has been encouraged to
increase the sel-governing ability of the people, their awareness of
common needs, and their involvements in community-initiated activities.
[n an Indonesian village, a Village Social Conunittee (1.SD) is vesponsible
for planning and implementing village developmem activities. The
Family Welfare Unit (PKK), i cooperation with the Village Social
Commiittee, provides commumity-hased services.

Villages do depend on each otherand o a great extent they rely onthe
facilities in their surrounding areas, including urban centers, so their
development efforts require coordination at various administrative levels.
The Local Development Work Unit (UDKP) was established at the
kecamatan level to integrate the efforts of the rural community and the
government in implementing rural development programs. A county-
town (kota kecamatan) usually is the nearest growth center for villages in
the area,
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The main tasks of the Local Development Work Unit are to identify
(@) its role and function within a broader area, (b) potentially usable
resources in the area, (¢) requisite local skills, and (d) training programs
for the communities. [talso formulates, promotes, and adopts the appre-
priate technology for vural developiment. Programs and projects sug-
gested by the Local Development Work Unitave discussed at county
meetings chaired by the head of the connty (Camary and attended by
village chiets (Lurah), representatives ol various government agencic.,
Village Social Committee members, field workers, . Vintluential
mtormalleaders within the respective county. Progrims adopted this way
are submitted to districtand provinee levels forapproval.

Each vear since 1972, villages in Indonesia ave heen classitied accord-
ing to three typologies to hielp development plannersidentify them by
socioccononmic conditions and potentials as well as by their abilioy 1o
share responsibiliy in their own development. The three typologies
of villages are swadaya (tvaditional), sieakarya (transitional), and
swasembada timodern),

Ten major setsof indicators are used in classitving villages. The three
bastc mdicatorsare (1) population density: (2) nataval envivonment (form
of Tand, raintall, soil productivity): and (3) orbitation (distance to capital
city of the provinee or connty and condition of roads connecting village
with urban centers). Developing indicators are (B economic structure
(percentages of population engaged inagriculture, industry, and ser-
vices): (3 village product gmonetized value): (6) traditional customs
(strictly orlooselvapplied in the community): (7) village and community
mstitutions: (8) level ot education (percentages of population with six-
vear elementary schoolimg): (9 level of self-help: and (10) infrastvucture
(roads as well as production, marketing, and social infrastrictures).
Scores or ranks are caleulated forthose ten indicators, and the 1otal score
determines the tvpology ot avillage. Traditional villages are levels To V
with scores from 710 L tramsitionai villages are levels Tto Vo with scores
from 1210 16, and modernvillages are levels Too Vowith scores from 17
to 2],

The national goal of rural development is for all villages to qualifv as
modern villages by the vear 2000, As of 1978, 32.7 percent of the villages
m Indonesia were classified as iraditional, 56.1 percent as transitional,
and only 11.3 percent as modern. The challenge, therefore, s
considerable.

Energy and Rural Development

The indicators of village developmerit levels have notincluded items
directlv relating to energy. Indeed, in the past, energy was not a major
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concern in rural development planning. Only recently has pereeived
dwindling of biomass resources fostered a growing awareness of rural
pcoplc‘s energy probiems, The introduction of commercial energy,
primarily kerosene, into the rural arcas has also brought attention to
their problems.

The current debate on the energy issues in raral development reveals
two miin points ol view. One is that the energy needs of the rural popula-
tion should be satisticd by cheaph developed local resources, Advocates
say kerosetie should be used only minimally because its wide use inereases
the cconomic vulnerabilities of the rural areas, The relatively low, heavily
subsidized, kerosene prices tend to stimulate use of kerosene, and abolish-
ment of those subsidies could severely atfect the raral population i most
of them are using kerosene fuel. Defenders of kevosene use argue that
since kerosene is inherently i “berier™ tvpe of fuel, it should be made
available to the rural population for equity reasons, Asol 1982, kerosene
was being subsidized exactly with this objective inwmind.

Apart from the debate on the use of kerosene by the rural population,
more fundamental energy in rural development issues have been raised
recently, Energy is acbasic need (1 Iadi Soesastro 1980). Because energy is
also a meins to improve quality ot life and 1o increase productivity and
cmplovment, itisan important part of rural devetopment. The objective
of various current studies by various institutions in Indonesiais abetter
understanding of this problem. Meanwhile, basic intormation and dataon
energy consumption patterns in rural areas are not available. Informa-
tieo about wio uses what types of energy, for what purposes, and by what
amonnt is important for policy planning and analysis.

t addition to biomass and kerosene, electricity has gradually become
another important component in the rural houschold energy budger.
The 1980 national census in Indonesia reveals the relative importance of
the different tvpes of energy in rural areas (see Table D. About 73.9
percentof rural houscholds in Indouesia use biomass and about 21.6
percent use kerosene for cooking. In the provinee of West Java, the
percentage of houscholds using biomass for cooking is lower (65.9
percent) and the percentage using kerosene is higher (32.9 percent) than
the national average. Kerosene is used by 85 percent of rural houscholds
for lighting: about 11 percent use electricity.

As of July 1980, abont 7 pereent of all villages in Indonesia had
clectricity (about 525,000 houscholds). In 3,01 6 villages, clectricity
was provided by the state clectricity comp.any (PLN), and, in 1,139
villages, electricity was generated by local governments, Village Social
Committees, or private individuals. According to the Third Five Year
Development Plan (1979780 - 1983/8-1), the state electricity company
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TABLE 1.
Structure of Energy Consumption of Rural Households (1980)

Percentage of Households

Types of Energy

Cooking Lighting
All Indonesis
Biomass 73.9 -
Charcoal 0.2 -
Kerosene 24.6 85.0
Gas 0.5 -
Electricity 0.2 13.9
Others 0.4 0.8
Not Stated 0.2 0.3
West Java*
Biomass 65.9 -
Charcoal 0.1 -
Kerosene 32.9 85.7
Gas 0.3 -
Electricity 0.2 12.7
Others 0.5 1.2
Not Stated 0.2 0.4

* Later sections of this chapter refer to West Java.

willadd 3,700 modern villages in its rural electrification project with a
total installed capacity of 130 MW, adding about 625,000 households
as consumers. The long-term target of the rural electrification project
is to electrify 30,000 villages — an estimated 1.2 million households

by the year 2000.

Biomass. As shown carlier, biomass still is the predominant rural
energy source. Since firewood as a source of energy is regarded as a basic
need, the rights of village people to gather firewood for personal use
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from public land are granted by law, the so-called sprokkelrecht. Biomass is
used not only for cooking by rural households but quite extensively by
rural industrices.

A major problem in examining the issues relating to biomass is the fack
of accurate data on consumption and production. Comprehensive large-
scale surveys have rot been conducted vet. Data have been gathered in
several uncoordinated underiakings at universities and institutions, but
their estimates kick consisteney (see 'Fable 2). Several sindies indicated a
quite substantial shortfall of firewood, based on estimated consumption
and production figures, thought to have resulted ininereasing deforesta-
ton and 1o have caused vast aveas of privare farmland to become critical
(Satyawati Had: 1979). Firewood shortage is notonly felt in densely
populated aveas, such s Java, but also in sparsely populated arid regions
in castern Indonesia. The Forest Service recognized this situation in early
1960, and, with the First Five Year Development Plan (1969770~
1973/7 1), a national program ol greening of the Lind was carried out.
The program consisted of two ettorts, namely, (a) the establishment of
new forests on government or public forest fand (the Reforestation
Program), and (b) the encouragement of the planting of perenniai species
on private and community property (the Greening Movement). Subse-
queit development plans continued the program. The Third Phan targets
are 300,000 ha reforestation and 700,000 ha greening per annum.,

Kerosene. 1o take the place of dwindling firewood supplies, kerosene
was distributed to more and more villages. Prices of kerosene were also
kept low by subsidies. From 1970 througir 1980, the national consurnption
of kerosene grew by about ['1 percent per year.

Gradually werosene supply becam @ amajor national problem, partly
because the growing subsidies were affected by the dramatic increases in
oil prices and by the high growtl: rate of consumption and partly because
pressures were created on the supply side. An oil-producing rountry,
Indonesia becane an importer of kerosene. The rate ol growth of kero-
sene consumption declined slightly to 9.3 percent per year in the period
197781 {rom a higher rate in the early 1970s. However, kerosene
imports more than tripled from 1977 to 1981, Subsidies of kerosene
increased substantially from Rp 1460 (US $0.0-1) perliter mn 1977 to
Rp 88.20 (U'S 30.1-1) per liter in 1981 ('Table 3).

In 1981, then, the governnent subsidized more than twice the amount
paid by the consumer, Rp 37.5 perliter (US $0.06). The total subsidies on
petroleum products increased to about US $2 billion in FY 1981/1982 —
equal to about 20 percent of the total government development expendi-



84 Rural Energy to Meet Development Needs

TABLE 2,
Estimates of Per Capita Biomass Consumption in Rural Indonesia
Region Year Consumption Source/study
(r3/year)
All Indonesia 1956 0.50 Team Survey LPHH 1970, in
Wiersum 1979
1970 0.72 FAO Estimate; T. Silitonga
1974, in Wiersum 1979
1975 .86 Chandrasekharan 1977, in
Wiersum 1979
1976 0.84 Raymond Atje 1979
Java 1976 0.79 Atje 1979
1978 1.00 Satyawati Hadi and others 1979
East Java 1971 0.52 Sumarno and Sudiono 1973
1978 1.27 Hadi and others 1979
Central Java
Whole province 1978 0.64 Hadi and others 1979
Solo WS (water- 1969 0.74 LPHH 1969, in Hadi and
shed) others 1979
1975 0.36 Wiersum 1976
(0.20-0.43)
1976 1.13 Wangsadidjaja and others 1979,
in Wiersum 1979
Wonogiri Area 1678 0.8-0.9 Directorate of Land Use, Dept.

of the Interior 1969, in
Wiersum 1979

1977 0.54 Yudodibroto 1978, in Wiersum
1979
West Java
Whole province 1977 2,08 Herman Haeruman and others 1977
1978 0.43 Hadi and others 1979
Citanduy WS 1977 2,22 Nasendi 1978
Cimanuk WS 1978 0.49~1,22 Haeruman and others 1977
Citarum WS 1979 2.53 Rusydi and others 1979
Sukabumi Area 1977 0.40 Anonymous 1978,in Wiersum 1979
Bogor Area 1977 0.35 Komarudin 1977
(Babakan)
Bandung Area 1979 0.96 0. S§. Abdoellah 1979
(Salamungkul)
Bali 1978 1.06 Hadi and others 1979

tures or to the amount of all foreign assistance to Indonesia in that fiscal
year. In carly 1982, petroleum products’ prices increased by about 60
pereent, but subsidies on kerosene still stood at about Rp 72.00
(US$0.11) per liter.

Raising petrolewm prices traditionally has stirred great CONLroversy in
Indonesia. Some people feel that higher income houscholds benefit more
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TABLE 3.
Kerosene Consumption, Imports, and Subsidies (1977-1981)

Consuwption Imports Kerosene Total subsidies on
(million (million subsidy® petroleum prodi & as
Year liter) barrel) (Rp/1t) percert of Government

development expenditurest

1977 5,840 5.00 14,60 3.0
1978 6,631 4.37 17.90 1.2
1479 7,228 5.52 33.00 13.2
1980 71,1817 7.46 62.59 17.6
1981 8,347 16.56 88.20 20.1

* At year end.

+ Total subsidies of all subsidized petroleum fuels (kerosene, automotive
diesel oil, industrial diesel oil, and fuel oil) in the respective fiscal
year, starting April 1.

from kerosene subsidies and that the urban population benetits rather
than the rural population. No accurate information about usage is
available. A study by Alan M. Strout in 1978 (hased on figures collected in
1976 by the Naticnal Socioeconomic Survey, or SUSENAS) estimated that
20 percentof all kerosene consumed nationally is consumed by urban
houscholds for cooking, 16 percent by urban houscholds for lighting, 20
percent by rural houscholds for cooking, and 13 percent by rural house-
holds for lighting. According to the SUSENAS Survey, per capita
consumption of kerosene by urban households was about three times

the consumption of kerosene by rural houscholds.

Other peeple argue that an increase of keresene prices would cause
greater deforestation, and thus severe environmental problems. Accord-
ing to one article, however, demand for firewood does not seem o be
influenced by the price of kerosene. Raising the price of kerosene means
a short-term increase in the price of firewood that encourages illegal
foraging. However, rzising the kerosene prices also provides an inceative
over thne to increase commercial firewood production by spontaneous
reforestadon (Howard Dick 1980).

HOUSEHOLD ENERGY SURVEY OBJECTIVE AND METHODS

A rural energy survey was undertaken by the Centre for Strategic and
International Studies (CSIS) as part of a larger study project on energy
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and income distribution in Indonesia. The entire study was exclusively
financed by CSIS and was administered and carried out by CS1S, assisted
by local consultants (forestry experes with substantial experience in
designing and conducting fuelwood <. umption survevs). The objective
of the larger CSIS study was to unde: i the role of energy in the
national ¢florts 1o promote a better . avd - ton of income in the develop-
ment process. Henee, the focus of the st as to exanine the energy
problems ot the poor.

Scope of Survey

The tirst phase of the study concentrated on rural areas, particularly
on specific policy issues such as the effects of reducing kerosene subsidices
upon the quality of life of the rural population. The survey consisted of
two parts: a rural household energy survey, and a rural (cottage) industry
energy consunption survey. (The industry survey was a pilot survey of 70
establishments covering 20 tvpes of industrial activities in four districts.)
The discussion heve is confined to the hotsehold survey, conducted in
February and March 1980,

The rural houschold energy survey was conducted to provide baseline
mformation for analyzing the long-tern trends of energy demand and
supply in rural arcas as influenced by income changes, fuel substitution,
or changes in technology. The survey was designed to collect these kinds
of information:

I. Changes in the leveland stracture (composition by tuel types and
end uses) of energy consumption with improvement in vural
people’s standard of living,

2. The structure of biomass energy consumption, or the uses of
firewood and agricultural residue.

3. The cffects of commercialization of energy, especially of fire-
wood, upon consumption.

4. Etficiency in the uses of energy in rural arcas.

Sample Design

The main considerations guiding design of the survey involved collec-
ton of information from a relatively large sample of households having
spectfic characteristics reflecting different locations in West Java. The
main characteristics were the general ecological and geographical
cnvivonment of the district and the level of socioeconomic development
of the village. West Java was selected because a large-scale survey in this
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TABLE 4.
Characteristics of Selected Districts
District Geography Ecology Population
density
Bandung inland high plain 716
good roads plantation
266 villages cultivated land
forest
Ciamis inland/coastal low plain 411
poor roads cultivated land
197 villages brushwood
forest
firewood exporter
Cirebon coastal low plain 1,135
good roads cultivated land
294 villages critical land
firewood i1mporter
Garut inland/coastal high plain 400
poor roads forest
176 villages plantation
brushwood
firewood exporter
Serang coastal low plain 519

good roads
282 villages

cultivated land
critical land

Note: Population dersity is given in number of persons per square

kilometer as of 1977/78 information.

province could be administered from Jakarta more easily than one in
other provinces and at a more reasonable price and because, according
to forestry experts, forestry resources in many areas of West Java were

rapidlv deteriorating.
This survey’s sampling procedure was purposive rather than random.
After determining that about 1 percent of the villages in West Java would
be treated, districts would be selected first and then counties. Of the
4,089 villages recorded in the 1977- 1978 statistics, 40 villages were
selected. Five of the 24 districts were selected according to observed
ecological and geographic differences (see Table 4 and Fig. 1). Andin
cach district, eight villages were selected by consulting the Village Statis-
tics of the Department of the Interior. First selected was one county with
most of the sociocconomic levels to be represented in the survey. Then
villages with other socioeconomic levels were selected from adjacent

counties.
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Of the 1,039 villages in West Java, about 13 percent were categorized as
traditional villages, 68 percentas transitional, and 149 percentas modern
villages. The eight villages selected in cach of the five districts {Table H)
mchided one traditional village, five transitional villages, and two modern
villages. Thus, the sizes of those groups were approximately proportional
to the sizes of categories of villages in West Javicas a whole.

The number of households was not predetevmined: asample size of
I peveent of total households wirs sefected m cach village. By the end of
1979, a pilot strvey was made to examine how accessibleand feasible the
selected villages weve for the survey, Information also was collected on
cconomic activines and demographic chavacteristics of the villages. The
nuniber of houscholds i cach village was registered. The T-pereent
intensity of the sample resulied inatotal of 333 houscholds, with a
minimum of four and & maximum ot 69 households in one village.

Since income was considered an nmportant variable Tor the study, the
sampling included households trom ditferent income gronps in cach
village, The village heads were consulted,and i some cases, the listof
taxes paid by individoal households was used. H tax records were used,
houscholds were ranked according to taxes paid, and thac st was divided
uto at least four groups ot equoad tax brackets. The sample householkds
were selected trom cach group randomby and, as far as possible, propor-
tionally. 1t should be noted thai the heads of villages (or their secretavies)
often intevvened in the selection of houscholds. Therefore, asource of

possible bias wis present i houscehold selection.
Data Collection Procedure

The survey was an iterview, combined with field measarements of
fuct consumption for cooking and lighting in the houscholds surveved.
Twenty-tive survevors were allocated to the five districts according to the
munber of households covered, namely, nine for the Bandung district,
five cach for the Ciamis, Garat, and Civebon districts, and four for the
Serang district. Five supervisors, one for each district, oversaw surveys
that vanged from 12 dass (Sevang) e 17 davs (Bandung). The survevors
were students experienced in fieldwork, who participated inaone-day
briefing about administering the questionnaive and making field mea-
surements. They had done field survevs under the same supervisors, In
turn, the supervisors had helped the design of the survey mstrinnent.

The collected datacan be categorized into five major sets of items:
household charactevisties, fuel use habits, fuet consumption, fuel supply
and choice, and biomass tvpes and biomass potentials (see Table 6).
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TABLE 5.

Sample Description

District County Village Village Sample of
Typology Households
Bandung Pangalengan Margaluyu Traditional v 17
Lamajang Transitional 1 14
Sukamanah Transitional 11 58
Pangalengan Modern 11 69
Rancaekek Bojongsalam Transitional 1v 12
Cangkuang Transitional v 16
Haurpugur Modern I 8
Pameungpeuk Sangkanhurip Transitional 1I1 12
Ciamis Pangandaran Babakan Transitional v 11
Sukaresik Modern I 10
Pananjung Modern 11 19
Cijulany Kertayasa Transitional I 13
Legokjawa Traditional v 13
Kertsharja Transitional 11 13
Sidangsari Transicional III 10
Ranca Katgo Transitional 1v 12
Cirebon Astanajapura Waruduwur Traditional v 4
Japura Lor Transitional 1 9
Kendal Transitional IX 5
Kanci Transitional v 14
Martapada Kulon  Modern I 10
Martapada Wetan  Modern I1 9
Losari Pasuruan Transitional III 9
Pebedilan Kulon Transitional 1v 14
Garut Malangbong Malangbony Modern 11 13
Cihaur Kuning Transitional v 14
Cikajang Cik.ajang Modern 1 17
Dangiang Transitional 1v 10
Tanjuang Raya Transitional 1 8
Bojong Traditional v 6
Mekar Jaya Transitional IIl 12
Cipangramatan Transitional I 10
Serang Kopo Pasir Buyet Traditiona) v 6
Cidahu Transitional 1 5
Petir Padasuka Transitional 11 5
Seuat ‘ransitional 1II 8
Panunggalan Tran- itional v 6
Petir Medern 1 8
Keragilan Sentul Transitionsl v 10
Keragilan Mcdern 11 12




TABLE 6.
Principal Data Collected

Household
Characteristics

1. Household Size and
Compositicn

2. Fducation levels
1. Household income:
main incosme

seasonal in.ome
transfer iucome
4. Land ownership,

area farmed,
cattle ownership

5. Crops produced

6. Household expenditures
(days 1-3)

Fuel Use Habits

Fuel Consumption

(neasured)

Specific Fuel Data

Fuelwood Data

1. Cooking:

daily menu

cooking stoves
cooking appliances
preparation and
handling of fuels

2. Lighting:

types of lamp
area lighted

how long

for what purpose

3. Other:

ironing
radio, tv, other

1. Cooking:

types and
amount
(days 1-3)

2. Lighting:

types and
uses
(days 1-3)

3. Other:
charcoal

batteries
electricity

1.

2.

3.

Source of Supply: 1.

by types

prices

methods of collection
(distance, labor used,
frequency, parts or
lr(’(’)

Supply problems: 2.

kirnd of problem

hcusehold-level
solutions

frequency

Fuel choice:

reasons for using or
not using

roasons for chunges
rural electricity

Collection of 2,600 samples
for lab tests:

species and d. - collected
moisture coutent and
caloric value

Estimate uf biomass poten-

tial of heme gardens by:

counting fuel-producing
plants

identifying species

measuring diameter
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PRESENTATION OF RESULTS

Results reported in terms of the average consumption by end use and by
type of energy, as inmost studies on rural household energy consumption,
provide a basis for identifving ruval houschold energy needs and thus for
tormulating broad energy supply policies. Information for policy analysis
on price, equity, and development etfects, however, must show whether
significant ditferences or variations exist in houschold orindividual
cnergy consumption, and the factors influencing sach varitions.

Structure of Rural Household Energy Consumption

The overall rural household energy budget established in the present
study is much lower Ginvaverage 6,500 keal per capita per day) than the
carfier study by Herman Haeruman and others (an average of 12,000 keal
per capita per dayy (see Table 7). According to the CSI1S stud,, about
80 percent ol all energy mput is for cooking and only 17.5 pereent for
fighting. The statistics from the Haeruman study are 88 percent for
cobking and 11 percent tor ighting.

The average energy budgets differ primarily because the structures of’
energy input difler. Commercial energy constituted 10 percent of total
energy mput m the CSIS study bat in the Haeriman study was about 15
pereent. Thusthe level of euergy input increased as the proportion of
noncommerciadl energy (biomass) in the total energy budget increased.

The difference between the two studies is partly due to different
conversion factors. The CSIS study used 2,200 keal/kg for biomass, 8,900
keal/ttor kerosene, and 7,000 keal/kg for charcoal. On the other hand,
the Haeruman study used 3,500 keal7kg for biomass, 4,000 keal/l for
kerosene, and 6,700 keal/kg for charcoal.

Studies usually measure the amount of energy input, rather than the
amount of nsetul energy, because of the practical difficulty of measuring
energy output. A clear picture of the structare of energy consumption by
diftferent houschold groups is therefore important. Some households only
use biomass, some only use kevosene, and others use both for cooking,
Since kerosene is a more efficient type of energy, housceholds using only
kerosene would need less energy inputs than those using only biomass
for cooking.

Factors Affecting Household Energy Sources

Since energy for cooking predominates in the houschold energy
budget, our study first disaggregates sample houscholds into three
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TABLE 7.
Rural Household Energy Budget
(per capita per day)

Cs1s Haeruman and others *
(1980) (1977)
Number of villages 40 10
Number of households 533 200
Consumption kg 1  kWh kcal (%) kg 1 kWh kecal (%)
Cooking
Biomass 1.16 3,710 57.1 2.85 9,990 83.4
Kerosene W17 1,510 23.3 .05 510 4.3
Subtotal 5,220 80.4 10,500  87.7
Lighting
Kerosene .12 1,070 16.4 14 1,340 11.2
Electricity .08 70 1.1 - - -
Subtotal 1,140 17.5 1,340 11.2
Other
Charcoal .02 140 2.1 .02 140 1.1
Total 6,500% 100.0 11,980+ 100.0

* Original figures were given in per capita consumption per year. (See
Studi Xonsumi Sumber Davya Enerpli Pedesaan 1977) .

+ Respectively 27.2 MJ and 50.1 MJ.

groups based ontype (ortyvpes) of Tuel used for cooking: biomass only,
biomass and kerosene (mixed), and kerosene only. Of the 533 sample
households, 232 houscholds (or 13,5 percent) use only biomass, 112
households (or 21.0 percent) use both biomass and kerosene, and 189
houscholds (354 percent) use only kerosene for cooking (sce Table 8).
The structure of energy consumption for cooking for the three groups
is examined by income level, size of houschold, village typology, district,
and stated reasons for use.
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TABLE 8.
Structure of Energy Consumption for Cooking
Household Percentage of Percentage of Households Using
Categories Households
Biomass Mixed Kerosene
Only Only
Income
{Rp/cap/month)
Under 5,000 37.7 59.7 18.9 21.4
5,000 - 7,999 28.7 36.0 19.6 44 .4
8,000 - 14,999 23.3 30.6 25.8 43,5
15,000 and above 10.3 34.6 21.8 43,6

Household Size

Less than 5 33.4 52.8 10.7 36.5
5 =17 45.0 39.2 25,0 35.8
8 and above 21.6 38.3 28.7 33.0

Village Tyre

Traditional 8.6 60.9 10.9 28.2
Transitional 58.5 50.3 22,4 27.3
Modern 32.8 26.9 21.0 52.0
District
Ciamis 18.9 80.2 4,0 15.8
Garut 17.3 69.6 16.3 14,1
Serang 1.3 58.3 20.0 21.7
Cirebon 13.9 29.7 21.6 48.7
Bandung 38.6 14.6 31.5 53.9
All Households 100.0 43.5 21.0 35.4

Income. Houscholds are grouped by average per capita income per
month. A poverty level has been set at about 25 kg ol rice or Rp 5,000 pei
capita per month. Houscholds above the poverty levelare further disag-
gregated (rather arbitrarily) into three income classes. Nearly 60 pereent
of houscholds in the lowest income group use onlv biomass for cooking;
between 31 and 36 percent use only biomass in higher income categorics,
‘This is predictable since biomass is available free. Notably, once income
reaches the poverty level, the proportion of households using only kero-
sene for cooking increases from about 21 10 44 pereent and stays at that
pereentage for higher income categories.
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Housechold Size. As the size of the household (size includes ponmem-
bers eating in respective household) increases, the proportions of house-
holds using only biomass or only kerosene for cooking botii decline. In
other words, larger houscholds tend to use a mix of biomass and kerosene
for cooking.

Village Type. A majority of houscholds in traditional villages use only
biomass for cooking, whereas about 52 percent of households in modern
villages use onlv kerosene for cooking. ‘This is probably because commer-
cial energy is more accessible in modern villages.

District. I'hc five districts surveved exhibit different ecological and
geographic characteristics. The Cunis and Garut districts both have
about 400 persons per sq km; they both have poor roads and both export
firewood. However, Giamis is low plain while Garut is high plain (moun-
tainous). Most rural households in these districts use only biomass and
only a few use only kerosene for cooking. The Bandung district is more
densely populiated (716 persons persq ki) than Cramis and Garnt. It has
plantation and forest areas while villages and cities are well connected by
good roads, There, about 54 percent of rural households use only kero-
sene and only 15 percent use only biomass for cooking.

Cirebon is very densely populated, with 1,135 p - ons per sq k.
The Givebon district has relatively good roads wr . cultivated lands
and imports firewood and agricultural residue. — early halfof the
rural houscholds in Cirebon use only kerosene  or cooking.

The Serang district is less densely populated than Bandung and
Cirebon and has relatively good roads. About 58 percent of rural house-
holds use only biomass, while about 22 percent use only kerosene for
cooking. Apparently, as population density increases so does the propor-
tion of houscholds using kerosene for cooking. (The trend also was
reflected in the 1977 Haeruman study.) Also, physical infrastructure,
apart from local availability o fuels, does strongly atfect the structure
of energy consumption by households.

Reasons for Fuel Selection. Most respondents who used only kerosene
for cooking said they did because it was “clean and practical” (see Table
9). Those respondents who did not use kerosene for cooking said fire-
wood was inexpensive,

T'he prices of both kerosene and firewnod do differ from area to area.
In the firewood-producing and exporting district of Ciamis, for example,
the price of firewood is lower than in other districts. The price of kero-
sene is higher there than in other districts largely because of its poor
roads and transportation system.?
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TABLE 9.
Reasons for Using or Not Using Kerosene for Cooking

Households Using Only Kerosene (n = 103)
1., Clean and practical 61%

2, Efficient in use 33%

3. Inexpensive 30%

4, Firewood is difficult to use; more expensive 18%
Households Not Using Kerosene (n = 29)
l. Firewood inexpensive 38%

2. Kerosene expensive 7%
TABLE 10.

Structure of Energy Consumption for Lighting

Household Percentege of Percentage of Households Using
Categories Households
Kerosene Mixed Electricity
only only
Income
(Rp/capita/month)
Under 5,000 37.2 84,1 4.0 11.9
5,000 - 7,999 28.7 76.5 3.3 20,2
8,000 - 14,999 23.3 72, 3.9 18.5
15,000 and above 10.3 60.0 14,5 25.5
Household Size
Less than 5 33.4 78.6 5.1 16.3
5 -7 45.0 78.7 4.6 16.7
8 and above 21,6 69.6 10.4 20.0
Village Type
Treditional 8.6 100.0 - -
Transitional 58.5 8l.4 5.5 13.1
Modern 32.8 63.4 8.6 28.0
District
Cirebon 13.9 100.0 - -
Ciamis 18.9 93.1 5.9 1.0
Serang 11.3 90.0 10.0 -
Garut 17.3 89.1 1.1 9.8
Bandung 38.6 51.0 9.2 36.8

All Households 100.0 76.7 6.0 17.2
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Lighting is the second major use of energy in rural honseholds. Of the
surveyed households, 409 households (76.7 percent) use only kerosene,
32 households (6.0 percent) use both kerosene and electricity for lighting,
while 92 houscholds (17.2 percent) use only electricity (see Table 10).
Among the lowest income households, about 84 percent use only kero-
sene and about 12 percent use only electricity tor lighting. In the highest
income category, about 25 percent of households use only electricity and
about 15 percent use ele -+ city in combination with kerosene lamps. The
survey suggests that larger hoascholds are more inclined to substitute
electricity for kerosene. At the time of the survey some houscholds with
generators gave away their excess electricity to some of their poo. er
neighbors.

'T'he most striking difference in the structure of energy consumption
for lighting is that all households in traditional villages use only kerosene
for lighting. With improvements in the socioeconomic conditions of
villages, the proportion of households using only kerosene declines. In
modern villages the proportion is 63 percent, probably because the
national rural electrification program starts with villages of higher
socioeconomic levels.

About 90 percent or more of the rural households use only kerosene
for lighting in four of the districts, excluding Bandung. In Bandung,
where infrastructure is relatively better than in the other districts, close to
40 percent of rural houscholds already use only electricity and only 51
percent rely on kerosene for lighting.

Most respondents who used only electricity for lighting said they did
because it was “clean and practical” (see ‘Table 11). Those not using
electricity said the main reason was the high installinent cost.

Pattern of Energy Input for Cooking

‘To compare the levels of energy consumed for cooking by type (or
types) of fuel, itis instructive to compare the level of energy input of
households using only bioinass with the level of energy input of those
using only kerosene for cooking (sce Table 12).

As percapita income increises, per capita input of energy for cooking
increases, both for hiomass and for kerosene. The average per capita
kerosene input for cooking for the highest income group is twice as much
as for the lowest income group. Use of biomass per capita by the highest
income group is twice its use by the fowest income group in terms of
kilograms, butonly 1.5 times its usce by the lowest income group in heat
equivalent (kilocalories or joules). Apparently the highest income group
uses less “efficient” biomass than does the lowest income group perhaps
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TABLE 11,
Reasons for Using or not Using Electricity for Lighting

Households Using Only Electricity (n = 34)
l. Clean and practical 71%

2. Facilities provided 21%

3. Better life conditions 18%
Households Not Using Electricity (n = 101)
1, digh installment cost 50%

2. Awaiting connection 43%

3. No access 82
TABLE 12,

Input of Energy for Cooking
(per capita per day)

Household Households using

Categories 'y

Income Biomass only Kerosene only
(Rp/cap/month) kg kcal/kg* MJ 1 MI*
Under 5,000 1.57 3,330 21.9 .27 9.7
5,000 - 7,999 2.04 3,150 26,9 32 10,0
8,000 ~ 14,999 1.71 3,160 22.6 .38 13.7
15,000 and above 3.4l 2,260 3z.2 .53 19.0
All Households 1.86 3,090 24.0 .35 12.7

* Based ou results of laboratory examination of biomass samples taken from
the respective households.

* Assumes that } liter of kerosene has a heat content of 37.2 MJ.

because poorer households usually collect dry twigs, and the highest
income households use freshly cut branches of trees from their own
homeyards and gardens.

The pattern of energy inpuis for cooking at four different income
levels reveals that kerosene generally is twice as efficient as biomass as a
fuel for cooking (Fig. 2). In early 1980, people in the lowest income group
asing commercial firewood for cooking paid about Rp 16 to Rp 20 (about
US $0.03) per capita per day (based on an average market price of
:ommercial firewood of Rp 10 to Rp 12.50 per kg in Cirebon). If people
n that same group used kerosene, they paid about Rp 10 per capita per
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Figure 2. Energy Input for Cooking by Income Greup

day in 1980. Prices of kerosene vary by district so comparison is based on
the average price in rural markets of Cirebon of Rp 38 per liter. Witha
new government policy to reduce kerosene subsidies in eariy 1982,
kerosene costs increased for the lowest income group to Rp 22 per capita
per day at a market price of about Rp 80 per liter in rural markets, with
an official price of Rp 60 per liter. Thus, it became more expenslve to use
kerosene than commercial firewood at then prevailing market prices.
Apparently (without 1982 fuelwood prices available), the price of com-
mercial firewood tends to increase with the price of kerosene.
Households using only biomass for cooking have a lower average per
capita income (Rp 6,310 per month) than either housebolds using only
kerosene (Rp 9,080 per month) or households usmg both kerosene and
biomass (Rp 8,870 per month). Households using mixed fuels for cooking
(Table 13) usually need a higher energy input per person (32.6 M]/day)
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TABLE i3.
Input of Energy for tuuliing of Households Using Mixed Fuels
(per capita per day)

Household Energy Input

Categories

by Income Kerosene Biomass [otal Kerosene with

(Rp/cap/month) Mixed Fuels as

1 MJ kg MJ MJ percent of

"normal' use *

Under 5,000 .16 5.7 1.32 18.4 24.1 58.7

5,000 - 7,999 .25 9.0 1.53 24.5 33.5 78.2

8,000 - 14,999 .28 10.2 2.07 28.1 38.3 74.6

15,000 and abeve 40 14.4 2.14 27.6 42.0 75.6

All Households .24 8.8 1.68 23.8 32.6 69.5

* “Normal" use is defined as use of only kerosene,

than households using only kerosene (12.7 M]/day) or households using
only biomass (24.0 M]/day). Households using mixed fuels for cooking
may exhibit different cooking habits from other groups of households.
Only about one-third of all households using mixed fuels for cooking
belong to the lowest income group; 53.6 percent are households of 5

to 7 people, 62.5 percent are households in transitional villages, and

58 percent are households in Bandung district.

In households using mixed fuels for cooking, about 27 percent of the
energy input for cooking is kerosene. The change in this proportion from
24 percent in the lowest income group to about 34 percent in the highest
income group suggests a substitution of kerosene for biomass as income
rises. (Based on survey results, income elasticity of kerosene input was 0.4
tor households using mixed fuels and 0 for households using only kero-
sene for cooking.) If households using only kerosene for cooking are
named “normal,” households using rixed fuels tend to use about 75
percent as much kerosene as the “normal” amount, if the household is
above the poverty line. For houscholds below the poverty line, the propor-
tion is about 59 percen..

That per capita energy input for cooking declines as household size
increases suggests some economies of scale. Per capita cooking energy
input for households with eight or more members is about half that of
households with less than five inembers. I, due to socioeconomic devel-
opment, the size of rural houscholds tends to become smaller, per capita
energy input for cooking can be expected to increase.

Average per capita energy input in transitional villages tends to be
higher than in traditional or modern villages, except for the group of
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TABLE 14,
Pattern of Energy lnput for Cooking (per capita per day)

Households Using

Mixed
Households Only Biomass Only Kerosene
Categories Biomass Kerosene
ke MJ kg 1w 1 MJ 1 HJ
Size
Less than 5 2,47 31.4 2.99 42,3  0.35 12,7 0.48 17.2
5-7 1.49 19.1 1.49 21.4 0.23 8.5 0.30 10.9
8 and abeve 1.32 18,7 1.25 17.5 0.19 7.1 0.24 8.8
Village
Typology
Traditional 1.71 22.9 1.34 19.3 0.20 7.3 0.34 12.4
Transitional 2,01 25.0 2.09 29.6 0.27 9.7 0,33 11.9
Modern 1.43 18.1 0.95 13.3 0.20 7.4 0,37 13,4
District
Bandung 2,45 34.9 2.18 30,8 0,30 11.0 0.35 12.6
Caimis 2,17 25.4 1.11 18.3 0.20 11.4 0.26 9.4
Garut 1.70 22.9 1.27 15,0 0.12 4.4 0,30 10.7
Serang 1.43 20.2 0.98 9.6 0.20 7.2 0.41 ih.9
Cirebon 1,00 13.5 0.89 13.4 0.16 5.7 0.39 14,1

households using only kerosene for cooking (see Table 14). Households
in modern villages use more kerosene for cooking and the proportion of
houscholds using only kerosene for cooking is markedly higher in
modern villages. Per capita biomass use is highest in transitional villages
perhaps because 36 percent of all those sample houscholds are in the
Bandung district, where per capita biomass input is highest. That levelis
even higher than in the two firewood-exporting districts, Ciamis and
Garut, perhaps because the average income of the rural population in
Bandung is also higher,

Pattern of Energy Input for Lighting

As income level increases, per capita input of energy for lighting also
increases (see Table 15). Among households using only kerosene and
those using both kerosene and electricity for lighting, the highest income
group uses on average per capita more than twice the amount used by the
lowest income group. Among households using only electricity, the
increase is even larger.
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TABLE 15,
Input of Energy for Lighting (per capita per day)

Households Households Using
Categories
by Income
Electricity

(Rp/cap/month) Kerosene only Mixed Only

1 MJ 1 kWh M) kWh MJ
Under 5,000 .11 4.2 04 0 0012 1.9 24 0.9
5,000-7,999 .16 5.7 06 0,08 2.5 .31 1.1
8,000~-14,999 .17 6.5 06 0.20 3.2 Ny 1.7
15,000 and above .28 10.0 09  0.26 4.3 .72 2.6
All Households .15 5.6 06 0.18 3.0 .39 1.4

‘The average per capita income of households using only kerosene for
lighting (Rp 7,200 per month) is lower than the income of houscholds
using only electricity (R} 8,990 per month), or of households using both
kerosene and electricity (Rp 12,510 per month). The kerosene input of
households using both kerosene and electricity is about one-third of the
kerosene input of houscholds using only kerosene for lighting at all
income levels,

As household size increases, per capita energy input for lighting
declines, according to the survey. Village typology does not seem to
dircctly affect levels of energy input for lighting. Traditional villages in
general rely totally on kerosene for lighting. Villages surveyed in the
Cirebon district have no access to electricity and rely totally on kerosene.
Generally, in villages where electricity is not widespread, per capita
kerosene input for lighting tends 1o be lnghest.

Fuel Supply and Availability

Biomass and kerosene are the main sources of energy for rural house-
holds. For the total sample of households, biomiss constitutes on average
about 60 percent of the total household energy budget, and kerosene
the remaining 10 percent. Nationwide, the share of biomass could be
much larger.

Biomass is essentially a locally available source of energy. Intra- and
mterdistrict trade of biomass is undertaken mainly in response to the
needs of rural industrial establishments. Commercial firewood is only
used by a limited number of houscholds. In the Serang district, for
example, higher income houscholds purchase their firewood from
industrial establishments supplied regularly by traders.
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Kerosene is supplied from national depots, administered by Pertamina
as a state enterprise, and distributed through dealerships operated by
private companies or agents. From the depots, kerosene is transported in
fuel trucks by distribution dealers to their subagents out to the districts.
Then barges, small boats, or carts distribute it to vendors or local retail-
ers. So, by the time kerosene reaches censumers in the villages, the
average prices often become 50 1o 100 percent higher than the official
retail price. Kerosene is not evenly distributed throughout Indonesia.
Villages in remote and mountainous areas usually have no access to
kerosene due to lack of infrastructure. In the Ciamis district, where
roads ave still in a poor condition, some households have to go as far
as 10 km o get kerosene.

Of the 533 houscholds surveved, 344 houscholds (64.5 percent) use
biomass for cooking. The sources of their biomass supply are mainly
their home yards and their gardens and estates (see ‘Tuble 16). Forests or
brushwood contribute only 5 to 8 pereent.

Houscholds that collect their own biomass also reported on the
typically used parts of the tree. About 61 percent of the households
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TABLE 16.
Scurces of Biomass Supply

Source

Percentage of Households

Collecting from

Home yards only 7.6
Garden/estate only 64.1
Forest/brushwood only 5.2
Home yards and garden/estate 5.0
Home yards and forest/brushwood 1.2
Garden/estate and forest/brushwood 1.5
Other 2.0
Sub-total 86.6
Purchasing 13.4
Total 100.0

TABLE 17.

Tree Parts Collected as Fuel

Parts Percentage of Households
Twigs only 27.
Branches only .
Trunk only .

Twigs and branches
Twigs and trunk

Branches and trunk
Other (roots, etc.)

—— A
=N NN~
.

N O oW

Total

100.0

collecting their own biomass only collect twigs and prune branches.
About 37 percent of the households cut the trunk (sce Table 17).

Energy “Problems” of Rural Households

The questionnaire included items related to problems of supply and
availability as faced or perceived by rural households in the fulfillment of
their energy needs, both for cooking and lighting (see “Table 6). It can
be expected that difterent types of houscholds face different problems.
Their solutions to those problems will also be different, depending upon
constraints and oppertunities, both at the household level (budget
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constraints or substitution possibilitics) and location-wise (availability
of fuels in use in nearby villages or availability of alternative sources
of cnergy).

In terms of tuels for cooking, about 23 percentof the 533 houscholds
surveved face frequent disruptions in the fulfillment of their energy
needs. Of those households, 62 percent face problems relating to the use
of biomass and 38 percent in relation to kerosene. The nature of the
problem may be nonavailability (experienced by 37 percentof those
houscholds), scarcity and/or cost consideration (55 pereent), or other
reasons (7 percent), such as weather condition (biomass becomes too wet).
In dealing with those problems, about 50 pereent of those households
look for sebstitutes, about 38 percent seck other sources of supply (in
nearby villages) or continue to use the fuct at higher prices, and about
12 percent veduce their consumption of energy for cooking.

Table 18 shows the differences in magnitude and nature of the prob-
lem by district, by village type, and by houschold income. These results
suggest that rural households in the districts of Bandung and Garutare
more prone to facing disruptions (around 30 percent of households). This
suggests that while kerosenc has penetrated velatively more extensively in
Bandung district, its distribution network is still relatively poor. In Garut,
a firewood-exporting region, scarcity of biomass has become a problem as
4 result of diversion from home markets to outside regions, which also
tend to increase prices in home markets.

In Bandung, houscholds facing disruptions in the supply of kerosene
tend to substitute biomass for kerosene. In Garut, most houscholds look
elsewhere for hiomass supply or continue to use it higher prices. In the
three other districts, only about I3 to 14 percent of households face
energy supply problems. Their responses differ: in Cirebon about 40
percent of houscholds reduce their energy consumption, and in Ciamis
and Serang most houschokds look elsewhere for fuel supplies.

About 50 percent of households in teaditional villages face p.oblems in
the supply of both biomass and kerosene lor cooking, most often duc to
nonavailability. In transitional and modern villages only about 20 percent
of households face frequent disruptions in the supply of cooking fuels,
often related to biomass supply.

Poorer households tend to face greater problems in the fulfillment of
their cooking energy needs. About 28 percent of houscholds with a per
capita income of under Rp 5,000 per month face difficulties, especially
with regard to biomass supply, mainly due to scarcities or high costs. Only
about 20 percent of houscholds in the higher income groups (Rp 5,000-
Rp 1:4,999) expericnce those problems, with regard to both biomass and
kerosene. In dealing with them, these houscholds tend to look for substi-



LABLE 1B.

Problems of Energy Supply and Availability: Energy for Cooking

Households Of Housekolds Facing Problems (percentage)
Facing
Categories Total Sample Problems Type of Energy Type of Problenm Solution
of of (percentage Biomass Kerosene Non- Expen- Substi- Reduce
Households Households of total Avail- sive/ Othera tute Use Otherb
households) ability scarcity
By District
Bandung 206 31.5 47 .6 52.4 57.1 42.9 - 65.5 14.3 22.2
Ciamis 101 13.9 78.6 21.4 35.7 28.6 35.7 35,7 - 64.3
Cirebon 74 13.5 70.0 30.0 - 60.0 40.0 30.0 40.0 30.0
Garut 92 28.3 76.9 23.1 11.5 88.5 - 6203 3.8 53.8
Serang 60 13.3 87.5 12.5 12, 87.5 - 12.5 12.5 75.0
By Village Type
Traditional 46 50.0 56 .5 43.5 65.2 21.7 13.0 65.2 8.7 26.1
Transitional 312 18.3 66.7 33.3 21.1 68.4 10.5 54.4 19.3 26.3
Modern 175 23.4 58.5 41.5 43.9 56.1 - 34.1 2.4 63.5
By Income
(Rp/cap./oenth)
Under 5,000 201 28.4 73.2 26 .8 26.3 64.3 9.4 43.9 12.5 43.6
5,000 - 7,999 153 19.6 50.0 50.0 46.7 34.5 18.8 50.0 10.3 39.7
8,000 - 14,999 124 21.0 57.7 42.3 65.4 30.8 3.8 53.8 19.2 27.0
15,000 and above 55 12.7 57.1 42.9 57.1 42.9 - 28.6 - 1.4
All Households 533 22.7 62.0 38.0 37.2 55.4 7.4 49.6 12.4 38.0

Notes: 3Usually because biomass was too wet due to rain.

Look for supply elsewhere or continue to buy at higher prices.

911
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tutes. In contrast, those problems are felt by only about 13 percent of
households in the highest income group (Rp 15,000 and above). When
facing problems, most of these households took for supplies elsewhere or
continue to buy at higher prices.

In terms of fuels for lighting, of the 533 houscholds surveyed, about 21
percent experience frequent supply disruptions. Of those households, 64
percent face problems of kerosene supply and 36 percentin relation to
supply of electricity. The kinds of problems faced by houscholds using
kerosene for lighting are nonavailability and increase in prices. For those
using electricity, the problem is almost exclusively related to blackouts.

When facing difficulties in the supply of energy for lighting, about -10
percent of households reduce their consumption. This is in contrast to
their behavior when experiencing problems in the supply of energy for
cooking, where only 12 percent of households reduce their consumption.

Table 19 exhibits the differences in magnitude and nature of the
prollem of energy for lighting as faced by different categories of
households. In Garut, about 37 percent of households experience
problems in the supply of energy tor lighting, primarily kerosene. The
proportions of households facing the problem are about 23 1o 24 percent
in Bandung and Serang, and only about 8 10 9 percent in Ciamis and
Girebon. In the Luter two districts, increase in the price of kerosene
constitutes the main source ol the problem. While in Ciamis about 78
percent of those households continue to buy at higher prices, in Cirebon
about 67 percentand in both Bandvng ana Garut more than 40 percent
of those households tend 1o reduce their consumption of energy
for lighting.

Households in traditional villages face greater problems in fulfilling
their energy needs for lighting (18 percent of households) than those
in transitional and modern villages (19 percent). Traditional villages
usually are more dependent upon kerosene, and nonavailability of
kerosene seems to constitute a major source of the problem. When facing
disruptions, most of these houscholds (68 percent) reduce their kerosene
consumption for lighting. In modern villages, of households experiencing
problems of energy supply for lighting about 64 percent use clectricity;
blackouts are the main problem. These households tend to return to the
use of kerosene.

Lower income houscholds tend to face greater problems than higher
income households in the fulfillment of their lighting needs. As can be
expected, kerosene supplies are the main problem for lower income
houscholds, whereas blackouts in the supply of electricity are a problem
for higher income households.

When facing problems, higher income households substitute kerosene



TABLE 19.
Problems of Erergy Supply and Availability: Energy for Lighting

Households Of Households Facing Problems (percentage)
Facing —
Categories Total Sample Problens Type of Enerpy Type of Problenm Solution
of of (percentage Kero- Electri- Non- Black- Expen- Substi- Reduce
Households Households of total sene city Avail- out sd sive tute Use Otherb
households? ability
By District
Bandung 206 24.3 50.0 50.0 48.0 50.0 2.0 50.0 44.0 6.0
Ciamis 101 8.9 100.0 - 22.2 - 77.8 11.1 11.1 77.8
Cirebon 74 8.1 100.0 - 16.7 - 83.3 - 66.7 33.3
Carut 92 37.0 70.6 29.4 47.1 23.5 29.4 32.4 41.2 26.5
Scerang 60 23.3 57.1 42.9 7.1 42.9 50.0 42.9 21.4 35.7
By Village Type
Traditional 46 47.8 90.9 9.1 77.3 9.1 13.6 9.1 68.2 22.7
Transitional 312 18.6 69.0 31.0 41 .4 31.0 27.6 37.9 39.7 22.4
Modern 175 18.9 36.4 63.6 9.1 57.6 33.3 57 .6 18.2 24,2
By Income
(Rp/cap./month)
Under 5,000 201 24.4 75.5 24.5 44.9 22.4 32.7 24.5 49.0 26 .5
5,000 - 7,999 153 18.3 75.0 25.0 39.3 25.0 35.7 35.7 35.7 25.6
8,000 - 14,999 124 21.8 51.9 48.1 37.0 44 .4 18.6 48,1 37.0 14.9
15,000 and above 55 16.4 22.2 77.8 - 77.8 22.2 77.8 - 22.2
All Households 533 21.2 63.7 36.3 38.9 34.5 26.5 37.2 39.8 23.0

Notes: aFor those using electricity
Look elsewhere for supply.

RII
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for electricity, but lower incomne households tend to reduce their
consumption of energy for lighting,.

Use of Charcoal

Of the 5338 households surveyed, about 10 percent use charcoal,
exclusively for ironing. None of them use charcoal for cooking. The
average per capita consumption of houscholds using charcoal is only
about 0.05 kg per day. Consumption tends to increase with income from
0.03 kg per day for the lowest income group to about (L07 kg per day for
the highest income group. Per capita charcoal consumption declines with
houscehold size. Tt is highest for houscholds in traditional villages (0.08 kg
per day) and in the firewood-producing district, Ciumnis (0.11 kg per day).

Caloric and Moisture Content of Tree Species

During the field survey, 929 saimples of biomass were collected from
Louseholds to examine their caloric and moisture contents on the day
they were actually used. The samples, 10¢m in size, include 101 spccics.
Of the 12 most used species (see Table 20), Tive belong to the group of
fruit-bearing trees often found in home vards or gardens in ruval aveas.
These species are frequently used as fuel in Sevang and Cirebon, where
brushwood and forestlands are scarce. Forestry resources, such as Tectona
grandis, are used as fuel in the two firewood-producing districts, Garut
and Ciamis,

Coconut trees are widely used as asource of Tuel supply ('Table 20).
The caloric values of different parts of coconut trees vary inversely
according to moisture content. Most of the fruit-bearing tree species have
4 caloric content between 3,200 and 3,500 keal/kgat a moisture content
from 26 to 38 percent, arelatively narrow caloric variation with no
apparent pattern relative to moisture content.

Average caloric contents for fuelwood caleulated in carlier studies in
Indonesia (3,500 to -4, 00 keal/kg) appearto be too high compared with
the average found in actual use of biomass by the sample households
(3,100 keal/kg). 1 louseholds in the middle-level income groups (about
60 percent of all households in the samipie), use biomass with an average
caloric value of about 3,200 keal/kg (sce Table 12). This figure can
reasonably be applied in further studlies.

Efficiency in the Use of Energy

During the survey, no ficld experiments were undertaken to examine
the relative efficiencies of different conversion devices and of the
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TABLE 20.
Tree Species and Fuel Characteristics
Number Average  Average District in
Species of Caloric  Moisture Which Used As
Samples® Content Content Fuel

(kcal/kg) (percent)

1. Cocos Nucifera 196
Trunk 22 3,200 33.1 Serang, Cirebon
Stalk 81 2,850 36.8 Ciamis, Serang
Coconut Shell 17 4,080 30.0 Ciamis
Coconut Fiber 55 2,730 39.1 Ciamis, Serang
Leaves 21 3,280 34.2 Ciamis, Serang
2, Bamboo* 100 3,430 30.1 Bandung, CGarut
3. Albiziat 78 3,160 27.7 Garut, Ciamis
4. Thea sinensis 68 3,410 34.4 Bandung
5. Mangifera indica¥ 26 3,430 30.9 Cirebon,Bandung
6. Pterospermum
javanicum 17 3,300 34.9 Ciamis
7. Parkia sp 15 3,230 22,6 Cirebon
8. Eugenia aqucae? 13 3,290 30.2 Bandung, Ciamis
9. Nephelium
lapaceum# 13 3,380 26,0 Serang
10, Tectona grandis* 12 3,450 37.8 Ciamis
1. Artocarpus integra® 11 3,480 33.1 Ciamis
12, Samaea sp¥ 11 3,720 28,7 Cirebon

* Number of samples taken during the survey reflects the frequency of use

of the respective species.
* These trees are primarily found on forest lands.

¥ Fruit-bearing tree epecies found in homeyards or gardens,

different fuels tor specitic tasks. The survey instrument included items
such as amount of food cooked (such as rice), method of cooking, as well
as the types of cooking stoves and appliances. However, since the energy
used in preparing rice cannot be «_p-rated from the energy to cook the
whole meal, and also because types of cooking stoves and appliances were
not standardized, statistics based on those items failed to provide any
useful data on relative efficiencies.
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TABLE 21.

Heat Equivalence in Use and Efficiency Factors of Biomass and Kerovsene
Useful Energy Equivalence
for Cooking

Source/study S kg biomass

Kerosene Biowass 1 kerosene
M/ 1) (MI/kg)

1. CSIS Study (1.9e):37.2 e¥e13.4 5.3

2. A. Martono (1974) 17.6 3.3 5.3

3. ITB Study/Filino

Harahap (1978) (3.2e).36.3 e.19.7 5.8

4, USAID Study/Paul

Weatherly (1980) (1.9e).37.2 e. 14,6 4.8

* e stands for efficiency of biomass as a fuel for cooking.

At a more aggregate level, however, the study included energy input
for cooking in houscholds using only biomass and households using only
kerosene. 1t itis assumed that the effective energy output for cooking is
equal for average households in the two groups, the relative efficiency
between biomass and kerosene as a cooking fuel is about 1 1o 1.9 as
derived from the respective heat inputs (241.0/12.7, see Table 12). If the
heat content of biomass is 13,44 MJ/kg and that of kerosene is about 37.2
M]J/liter, the above refative efficiency would prorluce a*joule equivalence
in use” of 5.3 kg of biomass for one liter of kerosene.

That figure is close to an estimate from a 1974 experiment by Andrini
Martono (see ‘Table 21). According to results of laboratory experiments
in an Institute of ‘Technology Bandung (1'TB) study by Filino Harahap
(1978), the relative efficiency between biomass and kerosene as a fuel for
cooking is about I 1o 3.2, and joule equivalence is about 5.8. According
to .. U.S. Agency for International Development (USAID) study by Paul
Weatherly (1980), involving several field experiments to measure fuel
efficiency, one liter of kerosene equals 4.8 kg of biomass. Given the
assumed heat contents of biomass and kerosene of 14.6 MJ/kg and 37.2
M]/liter, respectively, the relative efficiency of the two fuels was also
ITto 1.9,

REFLECTIONS ON METHODOLOGY

"This survey had both design and implementation deficiencies.
Comparison with large-scale surveys sponsored by USAID and the
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Department of Mining and Energy (DME) would highlight methodologi-
cal problems encountered in rural energy surveys in general. (See also
John Arnold 1980, Weatherly 1980, Ketenagaan 1982, Romir Chatterjee
1981, and Freerk Wiersum 1979 for related discussions.)

Deficiencies in Sample Design

The CSIS survey was carried out primarily to generate information on
the pattern of rural houschold energy consumption. The study hypothe-
sized that this pattern was influenced by household characteristics such
as income level, wealth, size of household, and economic activity. It was
also hypothesized that households exhibiting the same major charac-
teristics (“"twin” houscholds) might have ditferent energy consumption
patternsaf they were located in villages with different characteristics; that
is, that houscholds’ fuel selection was influenced by the overall village
environment including the supply and availability of energy sources.
Morcover, the supply of energy to the village was considered a function of
the broader ccological environment. For practical purposes, the district
in which the village was located was taken to represent this broader
environment.

From this perspective, the sample should have been designed with
more systematic regard to ecological types and to households as the
sampling unit. Certain deficiencies are evident:

1. The district is essentially an administrative unit and may not
represent a uniform ecological environment. Variation in the
ecological characteristics of villages in one district may be greater
than between some villages in that district and some villages in
another district.

2. Therefore, instead ol predetermining the number of districts to
be included, this should have been determined after the sampling
procedure of villages, based on villuge geographic and ecological
characteristics, such as

a. coastal village, close to torestland;

b. coastal village, rlose 1o agricultural sites;

¢. inland (low plain) village, close to forestland;
d.inland (low plain) village, clo® * to agricultural sites;
e. inland (high plain) village, close to forestland; and

f. inland (high plain) village, close to agricultural sites,

3. Foreach of those six environments, an equal number of villages of
different socioeconomic characteristics (traditional, transitional,
modern) could have been represented in the sample. The
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selection of different village typologies proportional to their
numbers for West Java as a whole has no solid basis.
The three village categories are based on the sum of rankings
assigned 1o a number of characteristics. Henee, villages with the
same total ranking could have different characteristics. Selection
of villages should have depended more ona few major charac-
teristics such as physical infrastructure or domitzant economic
activity, as revealed by detailed ranKings in the Village Statistics.
5. Houscholds should have been selected more svstematically, The
[-percent sampling of housceholds in cach village has no solid
basis. The sample should consist o a reasonable number of
households in cach village to provide for a reasonable range of
incomes and occupations. 'T'he difficulty is with the sample frame.
No houschold income data, however crude, are readily available
betore going to the village. Here, an equal number of households
in cach village should have been used inthe sumple.

—-—

Sample design ultimately depends botlvon the purpose of the
study and on financial or time constraints (see Table 22). The USAID-
sponsored study was conducted to deterniine the energy use in honseholds
in three of the ten rural electrification project areas. 'The three arcas —
Klaten in Central Java, Fast Lombok, and Luwu in South Sulawesi —were
selected on the basis of widely varying availability of local resources.® The
survey attempted to relate the patterns of houschold energy consumption
to the demand on local natural resources. Information was collected to
examine factors influencing fuel choice for particular end uses and
significant variables relating to the level of fuel consumption. This served
as the background for understanding changes likely to result from
clectrification and for predicting impacts of electrification which affect
energy use. Site selection, therefore, did not pose a major methodological
problem. Within each site, three villages — poor, average, and prosperous
villages — were selected, based on the project supervisors’ own observa-
tions and interviews with regional political leaders. Three alveady
electrified villages in the Klaten area were added to this smnple. Within
each of the 12 villages, 15 houscholds were selected to provide a range of
occupations and incomes. The study resulted inan environmental
assessment for rural electrification projects (Weatherly 1980).

The rural houschold energy survey sponsored by the DME was carried
out as part of the first phase of a USAID-supported project entitled
Energy Planning for Development in Indonesia. The goal was to
construct a profile of houschold energy use for differentincome groups.
The information was meant to be used in examining the possible effects
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TABLE 22,
Sample Designs of Three Rural Energy Surveys in Indonesia
USAID CSIS DME
(late 1979) (early 1980) (late 1980)
Households 179 533 793
Villages 12 40 153
Districts 3 5 13
Provinces 3 1 5
Households per Village 15 4-69 5
(equal) (range) (design : equal)
4-18
(actual)

of income changes, fuel substitutions, or changes in technology for policy-
making. The data were collected for analysis based on a modified
macroscale Reference Energy System (RES) framework. Developed it
Brookhaven National Laboratory, this framework is a standardized
vectorial analysis of energy flows from sources, through conversion and
transfer subsystems, to utilizing devices and end uses. Estimates of future
energy supply-demand balances at the national level were projected using
this framework.

The survey covered eight regions, three in West Java, two in Central
Java, and one each in the East Java, North Sumatra, and South Sulawesi
provinces. The regions happen to be those with high concentration of
population. Site selection was not a major issue because the survey was
assigned to be carried out by one university in each region. Households
were selected randomly from the list of rural census blocks defined in the
National Socioeconomic Survey (SUSENAS) carried out by the Indonesian
Central Bureau of Statistics (BPS) in January 1380. This subsample was
representative for the regions insofar as the SUSENAS sample itself was
representative, One hundred householas were randoinly selected from
one census block contiguous to each of the eight universities. This
sampling procedure eliminated the expensive task of assembling a sample
frame and allowed for future comparison with income and other relevant
household data collected by SUSENAS. Since fieldwork had to be done
within one inonth, regions were selected for accessibility. A cross section
of income groups among households of each district was not intended, so
disaggregation into three income classes of equal size was done retroac-
tively based on the rank distribution of sample households’ income.

Compared with the two other surveys, the CSIS survey was definitely
large enough for its purpose. Its relatively large size may compensate to
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Figure 3. Illustrative Sampling Design by Ecological, Village, and Household
Characteristics

some extent for deficiencies in samnple design. However, if households had
been selected more systematically, a smaller sample size might have
produced the same results, or the same sample size might have captured
more variations in household and environmental characteristics. A design
such as Figure 3, adapted by financial and time constraints, would be a
better alternative.

Deficiencies in the Survey Instrument

The CSIS test questionnaire was based on the one used in the USAID-
sponsored rural energy survey but was found to be too long and too
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extensive. A shift in questions from the household to village interview was
proposed to keep the schedule concise (see Arnold 1980). The question-
naire {inally developed was much shorter and limited 1o five sets of data
(Table 6). Even so, several questions could have been deleted.

Househo!d Characteristics. Accurate household income data obvi-
ously were difficult to collect during short interviews. Data to cross check
reported income, including land owned, arca farmed, cattle owned, crops
produced, and household expenditures were recorded for three consecu-
tive interview days. The information was not as valuable as foreseen.
Income for agricultural households fluctuated greatly. Household
expenses depended on the interview days. For instance, most shopping
was done either once a week, on *market” day, or once a month.

Fuel-Use Habits. Dati on cooking, lighting, and other activities
requiring energy were also less useful than anticipated. Data on daily
menu, cooking stoves, and appliances were not used in the analysis
because of the difficulties of standardizing items, quantities, and observa-
tions. Information on preparation and handling of fuels, especially
firewood (whether cut in small or large picces), did give some insight into
fuel uses, although the time of visit influenced the accuracy.

Fuel Consumption. Daily fuel consumption for cooking, lighting, and
ironing was recorderl by field measurements over four consecutive days
to produce data on daily consumption for three days. Fhe same proce-
dure had been used in the USAID-sponsored survey. Although it signifi-
cantly increased survey time, this information was more reliable because
(a) respondents’ estimates of expenditure for fuels did not accurately
account for noncommercial fuels, (b} villagers didn’t use standardized
methods to weigh their fuels, and (¢) they used many diverse fuels. The
repetitive measurements allowed by this procedure also revealed day-to-
day variations in consumption (found to be = 30 percentin the USAID-
sponsored survey).

Indeed, most surveyors spent most of their time doing measurements
and therefore were unable to observe other houschold activities as well.
To simplity the procedure, a proposal has been made to limit fuel mea-
surements to an initial and final record for several days. That proposal
would require separation of data by activity and adequate representation
of the various typical fuel sources (Arnold 1980).

Using the same procedures, the DME ruval energy survey took mea-
surements three times over five days to produce consumption data lor
four days. If conducted systematically, this procedare is better than the
one used in the CS1S survey.
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Specific Fuel Data. Information collected on sources of supply, supply
problems, and fuel choice was useful. Respondents possessed reasonable
kriowledge of the biomass species used if they collected them themselves.
[fthey purchased their fircwood, they usually could not identify the
species. The few questions on electrification were too general to provide
useful information.

Fuelwood Data. [nformation on biomass potential of home yards and
gardens was collected by identifying and counting fuel-producing trees
and measuring their diameter. Justification for this eflort would depend
on its relevance to specific planning of fuelwood programs. Otherwise,
infor mation on biomass species used as fuet would indicate the relative
importance of home yards and gardens as energy sources. Data on
biomass potential could be collected at the village level. The CSIS survey
included a separate village questionnaire, but it wasn't adiministered
adequately, perhaps becanse snrveyors were preoccupied with the
household survey.

Allin all, the questionnaire could have been much simpler to lessen
surveyors’ burden. Each of the 25 CSIS surveyors visited 21 to 22 house-
holds four vimes cach in four consecutive days. The DME survey
employed about 40 surveyors for 793 households, or about 19 to 20
households per surveyor, visited three times each over five days. The
USAID-sponsored survey assigned one surveyor to tach village (15
houscholds) who stayed in the village for one month as a “participant
observer” Fach was 1o observe and record data on various village or
househeld activities and conditions. Somnetimes, however, a surveyor’s
intense involvement in village life reduced his objectivity and thus intro-
dnced asource of bias in the survey methodology (Arnold 1980).

Constraints in Implementation

Selecting households in the field became a major problem during the
survey. Leaving that selection task largely to the surveyors, the leaders
of the village, or their secretaries, as was done in the CSIS and USAID
sponsored surveys, could have biased the results, especially since survey-
ors met members of various housceholds through the village leader or his
assistant. ‘T'he latter person often stayed during the interview or assisted
with measurements, another likely source of bias.

Surveying poor households was difficult. Very poor families might not
cook at afl at home, but ate in other households in return for services.
Measuring fuel used by some poor families was difficult if they gathered
their fuel immediately before preparing their food. And some of the
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poorest households apparently prepared more food than usual when the
surveyor visited: another source of inaccuracy.

POLICY IMPLICATIONS AND SUGGESTIONS

The survey results show the variations in energy consumption patterns
among household groups, by income, by household size, by village
typology, as well as by districts. Thus, policies related to fuel price and
availability could affect each household group differently. Even within
household groups variations exist.

Variations Within Household Groups

Consumption of biomass and kerosene, the two major rural energy
sources, varies within household groups (see Table 23). The degree of
variation is the so-called coefTicient of variation (the standard deviation
as a percentage of the mean value). According to the USAID-sponsored
survey, the variation in the daily household energy consumption was
about * 30 percent. 1f the mean value of biomass consumption is 2 kg per
capita per day for one household group, a coefficient of variation of 30
percent means that about two-thirds of the households in the group
consume between 1.4 and 2.6 kg per capita per day. Thus, a coefficient of
variation of 60 percent suggests that the distribution is quite dispersed.

In most cases, the variations of biomass consumption are about 80
percent in terms of megajoule inputs (Table 23). The much larger varia-
tions in terms of kilogram inputs suggesi the great variations in the
quality of biomass used. Consumption of kerosene for lighting also varies
greatly within household groups. Most houscholds use only very small
amounts of kerosene for very minimal lighting and only a few households
use larger amounts of kerosene to generate a reasonable amount of
lighting. This was observed especially in the Garut district. Consumption
of kerosene for cooking varies less within household groups, except in
Serang. Unlike the need for lighting, the need for kerosene for cooking
appears to be more or less standard.

Kerosene Consumption

Development in the rural areas tends to raise the consumption of
kerosene, both for cooking and lighting, according to the survey 1esults. A
study by Strout based on national data estimated the income elasticity of
kerosene consumption in the rural areas of Indonesia at about 0.83,
higher than that for the urban areas (0.56) (Strout 1976). A larger
percentage of higher income households already use only kerosene for
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TABLE 23.
Variations of Consumption Within Household Groups
(Coefficient of variation, in percent)

Biomass 48 Kerosene b

Categories of Cooking Lighting

Households

(kg input) (MJ input) (liter input)

By Income

Less than 5,000 83.0 87.2 44,4 81.8

5,000 - 7,999 75.0 82.5 65.6 81.3

8,000 -~ 14,900 56.1 53.6 47.4 76.5

15,000 and above 163.9 78.4 62.3 71.4
By Size

Less than 5 114,2 71.7 54,2 85.0

5 -1 79.2 83.5 56,7 76.9

8 and above 12,7 79.7 45,8 58.3
By Village Typology

Traditional 39.2 60,5 55.9 64,7

Transitional 111.2 83.3 69.7 93.3

Modern 89.5 86.0 56 .8 75.0
By District

Bandung 82.4 83.9 51.4 70.6

Ciamis 134.1 14,2 42,3 83.3

Cirebon 97.0 88.8 66.7 70.0

Garut 71.8 81.6 50.0 120.,0

Serang 52.4 55.0 100.0 78.9
All Households 110.2 81.8 62.9 86.7

Note: The table is derived from consumption data of households using only
biomass and using only kerosene for cooking, as well as households using
only kerosene for lighting.

8 For households using only biomass for cooking.

b For households using only kerosene for cooking or for lighting.

cooking. Per capita consumption of kerosene also increases with income.
Similarly, as a village becomes more modern, more households shift to
kerosene as a cooking fuel. In the Bandung district, where the physical
infrastructure (especially roads) has significantly improved over the last
decade, more than half of the households have changed to kerosene as a
fuel for cooking.

Lighting in rural households is still a scarce but desirable service: it
indicates a better quality of life in the households. As income increases,
consumption of kerosene for lighting increases at a much faster rate than
does consumption of kerosene for cooking. (Income elasticity of kerosene
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consumption for lighting is higher than that tor cooking.) However, this is
partly because consumption of kerosene for lighting starts from a very
low base.

A sudden abolishment of kerosene subsidies would have rather severe
eflects upon rural households. Anincrease in the price of kerosene, used
for cooking, would affect higher income houscholds more than lower
income houscholds. Lower income households, as well as higher income
houscholds, could casily switch back to the use of biomass if suflicient
biomass resources are available in the vicinity. An increase in the price of
kerosene, used tor lighting, would affect all income groups, particularly
lower income households for whom changing to electricity might be
difficult.

Abolishment ot kerosene subsidies does have some national rationale,
butin view of possible negative effects upon rural houscholds, it should
be undertaken gradually. A better organized kerosene distribution system
could mediate that effect by reducing the distribution costs. Observations
show that the rural population in the survey areas pay 50 to 100 percent
more for kerosene than the official price at the depot. In some rural areas
in Ciamis, for example, the price of kerosene was three times higher than
the official price while the survey was being carried out.

Rural electrification appears to have greater appeal now because it
might help resolve problems ereated by reducing kerosene subsidies, and
might help lower the growth rate of kerosene consumption. As rural
arcas become more industrialized, demand for lighting increases. There-
fore a good use for part of the subsidies on kerosene would be the financ-
ing of a more rigorous rural electrification program. Whereas kerosene
subsidies cannot favor either lower income or higher income households,
a progressive price structure for electricity could be introduced through
across-subsidy scheme o benefit needy households,

Another part of the subsidies on kerosene could be reallocated to
firewood-farming programs. According to the survey, demand for
firewood is still large.

Biomass Consumption

Biomass is still a major part of the rural household energy budget. No
time series data on the quality of biomass are available. However, observa-
tions suggest that the quality of biomass used as houschold fuel tends to
deteriorate over time. Part of the reason, as suggested by the CSIS energy
survey of rural industries, is that better quality firewood is being traded
comunercially 1o meet the need of rural industries. (See also Soesastro
1980). Even industries in the firewood-producing district, Ciamis, found
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good quality firewood scarce with large amounts being diverted to other
districts, such as Cirebon, where the market price was considerably
higher.

Problems of biomass supply therefore need serious attention. Only 13
percent of the houscholds purchase their firewood. Most collect firewood
from home yards, gardens, and estates. Programs could be designed to
develop biomass supply, including processing biomass into higher quality
fuel such as chiarcoal. Where demand exists, supply can be created, if
prices are right. Potential income opportunities could also benefit the
rural population,

During the survey, nany higher income houscholds were observed
purchasing their firewood, even though kerosene was more economical.
A higher income household would pay about Rp 30 per pevson per day
for firewood (2.5 kg at the price of Rp 12.50 per kg) compared to Rp 19
per person per day for kerosene (0.53 liter at the price of Rp 35 per liter
in carly 1980) for cooking. When kerosene prices increased in early 1982
(to about Rp 80 per liter) the daily per capita cost increased to Rp 42, so
firewood became more economically desirable.

Efficiency in the usc of biomass is another important area for policy.
Introduction of more efficient stoves should be reexamined, in spite of
past failures. At the present efficiency level, (with one liter of kerosene
generating useful energy equivalent to 5.3 kg of biomass) the cost differ-
ential of kerosene and biomass at current prices may not be large. If,
however, kerosene prices were raised to their present production costs
(Rp 132 perliter), the cost of kerosene would be twice that of biomass, or
Rp 66 (at Rp 12.50 per kg for 5.3 kg, to p'r()(lucc the saune amount of
useful energy. Experience and data are inadequate to determine the
potential responses of biomass substitution and price to a change of this
order in kerosene prices. Nevertheless, it is obviously important to in-
crease the efficiency of biomass as a fuel to reduce waste of resources
nationally and to move toward the most effective long-term mix of fuels.

The Study’s Use

Since the CSIS study was not done under contract by any government
agency, it may not have a direct or immediate impact on policy. A report
has heen produced as weltas a series of papers on specific policy issues
using the data and information generated by the survey (Soesastro and
Raymond Atje, eds., forthcoming).

Preliminary conclusions of the study, based on the survey, were deliv-
ered at the Second National Seminar on Energy organized by the Indone-
sian National Committee of the World Energy Conference. The papers
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presented emphasized conclusions as given in this chapter (Raymond
Atje 1979; Soesastro 1979). The main recommendation of the seminar
was acceleration of rural electrification programs.

NOTES
1. Rupiahs per current US $1.00:
1977 1978 1979 1980 1981 1982
415 625 627 627 634 650

9. 1n early 1980, when the official price was set at Rp 25 per liter, the
mean values of kerosene prices reported in the survey werc Rp 38 per
liter in Cirebon, Rp. 39 in Serang, Rp 40 in Bandung, Rp 44 in Garut,
and Rp 51 in Giamis.

3. Allthree are agricultural areas with rice as the main crop. Allare
well supplied with kerosene. Klaten has a high population density,
supported by intensive rice agriculture, with almost no forested land.
East Lombok is the most traditional area and has relatively small land-
holdings. Itis not as densely populated as Klaten, has a much less
productive agricultural base and home garden cultivation also is not
widespread. Luwu is a transmigrant area. It still has forests and has the
lowest population density among the three areas. The land ownership
is a uniform 2 ha per family for new settlements.
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