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PREFACE

In February 1979 the principal author submitted an unsoli-
cited proposal to the Officc 3f Evaluation, Bureau for Program
and Policy Coordination of the Agency for International Develop-
ment to undertake a study on the traditional fuels problem.

This report is the product of that effort, and is submitted in
fulfillment of contract no, AID/OTR-147-79-39.

The intent of this issues paper is to (1) provide an over-
view of the present state of data and theory on problems asso-
ciated with firewood and other traditional fuels, (2) assess the
significance of rraditional fuels problems in the context of
AID's mandate, (3) suggest some priorities for an AID traditional
fuels program and (4) draw together 2a preliminary bibliography
on the topic. Previous thinking about the traditional fuels
problem has been oriented from either the viewpoint of rural
energy use or from the viewpoint of forestry. This paper
attempts to integrate these two perspectives.

Time constraints have prohibited more than a "broad brush"
treatment of any of these subjects, but it is hoped by the authors
that this paper may provide some preliminary policy guidance and
stimulate much more detailed assessments of all aspects of the
topic.

The research for this report was undertaken in Washington,
D.C. during the spring and early summer of 1979, It is based
upon a review of available literature on the subject. The bulk
of the paper was drafted by William Knowland, with the exception
of Section IV, which was written by Carol Ulinski, who also
edited the final report. James Tarrant of the Overseas Develop-
ment Council compiled the statistical appendices. Annotations in

the bibliography are taken from David French's "Firewood in Africa",

with his kind permission. This report was typed by Lisa Whiton.

The authors are grateful to Stephen Klein, Energy Policy
Advisor to the Bureau for Program and Policy Coordination, who
encouraged the proposal leading to this study. Appreciaticn
is also owed to Alan Poole and to a number of ozher individuals
who generously, and benevolently, offered comments on a prelim-
inary draft of the paper or made substantial suggestions about
its content: Michael Benge, Bruce Currey, Erik Eckholm, Lawrence
Ervin, Peter Freeman, Patrick Fleuret, Lincoln Gordon, James
Howe, B1ll McGrath, Richard Morse, Walter Parham, Sally Patton,
Anthony Povor, and James Tarrant.

Special gratitude is owed to the East-West Center's Resource
Systems Institute, for providing a haven in which much of the
drafting was accomplished.
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I. INTRCCUCTION

Firewood and charcoal, or wood fuels, together with dried dung
from cattle and other livestock, and crop residues such as millet
straw, rice husks, bagasse, and cotton sticks, are the world's
traditional fuels.* This year, the people of the developing coun=-
Tries** will turn as fuel an amount of wood that, stacked together,
would stand at least 29 feet high and 20 feet tall and extend
completely around the Eguator, plus a 400 million ton mountain of
dung and a similar mass of crop residues. In oil eguivalent, this
would equal about 2.7 billion barrels, worth at least $55 billion
at present prices.=

Veverthelaess, traditional fuels have Lbeen almost totally neg-
lected by forssters, energy specialists, ad developrment autheorities.
In larce part, this was bty design. IT has cesan gensrally assuved
that as countries develecp economically, they must makxe a transition
from traditional fuels to petroleum, natural gas, coal and hydro and
nuclear electric power--the conventional energy of the industrialized
world. The conventional energy sources ace far more "croductive”
and versatile than the traditional sources, and insofar as material
progress is based on the ability to effectively harness increasing
amounts of energy for productive purposes, the conventional sources
have been essential to modern economic development.

3ut this official neglect has also been in part due to the éiffi-
culty and frustration of measuring or assessing the amounts ané pat-
terns of traditional energy usage. In contrast to conventional,
or "commercial" ener-gy, there are no actounting céfices at the
edce of woodlots to record cubic meters of wood production and there
are no meters in the kitchens of third world hcuseholds recording
STUs or kilowatt hours of firewood consumed. Mostly unrecorded and
untaxed, the traditional, or "noncommercial” fuels have been necgc-
lected largely out cf ignorance and uncertainty about their signifi-

cance.

L

modast cuantities of vegetabls J1ls

* In scme arsaas, 3
Tor the gurcose of tais caper, they wilil

$or lignt.

33

*x In this paper, the Saveloping counwrids, or the taird worlé, does
ne< nslude Cain2 and oc.er cenzrally pianned 2¢oncnias O Ac:ia.
Sasa Sor snsse ccuntries, waen avallanle, 13 included in the
sTaz.stiT2l ascendocss.
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The role of traditional fuels in the daily lives of the worl
poor is pervasive, Four out of five families in the third world--
roughly half of the world's people--rely on traditional fuels. The
basic cooking and heating needs of some 1.5 billion people are
met primarily or totally by wood fuels, and--largely because they
lack wood--nearly half ? billion more meet their needs mainly with
dung and crop residues?s/ Traditional fuels are virtually the
only fuels utilized by perhaps 50 percent of all the people l;ging
in rural villages and small towns of the developing countries.3/

However, in many areas, local supplies of wood are being consumed
faster than they can grow. cConsumption of wood fuels may be in-
creasing at rough%; 1.5-2.0 percent annually in the developing coun-
tries as a group.)’ But even though most developing countries still
have sufficient forested lands that their total annual wood produc-
tion, or natural growth, considerably exceeds the total wood fuel
needs of their pecple, local shortages can be severe. Because fire-
wood is bulky and decays rapidly in warm, humid climates, it is
seldom transported far from where it is grown. Trees and forests are
essentially capital stocks that produce an annual return of woocd.
Once a community begins to exceed the regrowth capacity of its local
tree resources, or begins to live off of tree capital rather than
tree income, a rapid and exponentially accelerating cycle of deple-
tion begqgins.

Pat unless people can afford alternative commercial fuels, and
unless such fuels are available, they must turn to other traditicnal
fuels-=~dung and crop residues--or they must devote more time and in-
come to purchasing wood fuels brought in from ever greater distances
from their community. In some cases, even this is insufficient,
and in scme wood-short regicns, families are cutting back frem two
cooked meals a day to one. As a result, the general welfare of the
community declines. But because they are already most dependent
on tracditional fuels, and because they can less afford to switch
to other fuels, the poorest pecple in the community are usually
the most seriously affected.

Perhaps the mcst insidious effect of this process is that the
removal of trees and forest cover and the switch to dung and crop
residues interrupts the natural ecclogical cycles of water storaqge
and soil protection and replenishment. The result is that the future
ability of the community to produce food as well as fuel is seg}ous-
ly impaired. 1In other words, the community is "undeveloping."Z

Overuse of wood fuels and the ensuing ecological and socio-
economic problems have come to be known as the “firewocd crisis.”
In several countries, notably Nepal, Haiti, several of the Sahelian
countries, ani in parts of India and Indonesia (Java), the term
"crisis" barely conveys the severity of the problem. Most develop-
1ng countries are victims of firewood or wood fuels stress tos some
degree, however, and the Nepals and Haitis are simply in an extremely
advanced stage.

*Acccrcing to the season'fuel sources may be predcminanctly grain
stalks, wood or dung.

2



The June, 1978 U.S. Strategy Conference on Tropical Defores-
tation, sponsored jointly by the State Department and AID, and
the simultaneous Workshop on Firewood in Africa sponsored by
the Africa Bureau, clearly identified both traditional fuels
and tropical deforestation as issues of considerable U.S. concern.
Only a year before, AID had begqun to increase its activities in
rural energy development assistance, and the U.S. Congress in
1977 had added an amendment on rural energy programs to the Foreign
Assistance Act.

In follow-up to the Strategy Conference on Tropical Defores-
tation, AID has joined with other government agencies in estab-
lishing an interagency task force to define a U.S. policy position
on tropical deforestation. The U.S. public, through a number of
intezrested NGOs, is closely monitering and contributing to this
process. Several members of Congress have also expressed particu=-
lar concern about this area, and an amendment to the Foreign Assis-
tance Act giving AID a clear mandate in community forestry has
just been passed.* And finally, in August 1979, the President
personally instructed the Administrator of AlD and the Director
of Action/Peace Corps to give high priority to forestry programs,
to include projects for increased prcduction and conservation of
firewood. Thus it appears that AID is embarking on a new facet
of development assistance: community forestry and traditional fuels.

The purpose of this paper is to review the state of knowledge
of the "firewood crisis" for the purpose of facilitating AID plan-
ning and programming. In Section II available data on the use of
traditional fuels has been compiled and analyzed. Difficytires
in data-gathering ace summarized, and gaps in data have been iden-
tified. The enormitv of the firewood crisis, and its implications

*The International Development Cooperation Act of 1979 states the
followiny: "The Congress recognizes that the accelerating loss

of forests and tree cover in developing countries undermines

and offsets efforts to improve agricultural production and nutri-
tion and otherwise to meet the basic human needs of the poor.
Deforestation results in increased flooding, reduction in water
supply for agricultural capacity, loss of firewood and needed

wood products, and loss of valuable plants and animals. In order
to maintain and increase forest resources, the President 1s author-
1zed to provide assistance under this section for forestry projects
which are essential to fulfill the fundamental purposes of thais
section. Emphasis shall be given to community woodlois, agro-
forestry, reforestation, protection of watershed forests, and more
effective forest management."



for dcrelopment, are clearly stated. A range of solutions for
addressing this problem are outlined in Section III. 1Illustrative
national and regional programs addressing the fuelwood ¢risis

are summarized 1n Section IV, and the efforts of donor agencies,
ineluding AID, are briefly summarized. Section V provides the
rationale for a more extensive AID role 1ln seeking solutions to
the firewood crisis, and offers recommendations for the develop-

ment of a traditicnal fuels policy and program.



II. THE NATURE AND EXTENT OF THE FIREWOOD CRISIS
AND ITS IMPLICATIONS FOR DEVELOPMENT

That there is a severe, and worsening, scarcity of firewood
and related traditional fuels in parts c¢f the third world is
obvious enough. But the precise nature and extent of the problem

eludes easy definition.
The Data Base

National statistics on traditional fuels, where they are avail-
able at .11, are notoriously "soft", and there are still only
a handfu) of detailed studies at the household or community level
of demand, supply, and distribution patterns of traditional fuels.

Traditional fuels simply do not lend themselves to ready quanti-
fication. Almost by definition, they are unmeasured, at least by
central statistical authorities. Firewood and charcoal are in-
creasingly important items of commerce in cities and towns, but
most woend fuels, and virtually all dung and crop residues used in
rural areas are used by tne family that gathers them. No money
1s exchanged, and the fuels are valued only in the numbers of loads
carried or hours and days spent in gathering them.

On the supply side, estimation of the productive capacity of
a forest or woodlot {(for wood fuelg) or of an agricultural field
(for crop residues) or even numbers of livestock (for dung) is
itself difficult. The areas, let alone the yield rates, for most
forest and agricultural lands are seldom known with precision.
Even where forest statistics are fairly accurate and up to date,
unless they include non-forest trees, such as those standing 1in
private yards and alongside roads and fields, they still miss
perhaps the major source of firewood supplies. Depending on local
growing conditions, yield rates for a particular tree species
or for a given crop <can vary dramatically. For example, short-
stemmed, high-yielding varieties of rice may yield less than a
quarter of the straw that indigenous varieties produce. 2aAnd in
the Sahel, estimates of average annual yields in a given zone vary
by a factor of two.

ASter the basic resource base and gross production have been
estimated, the amount of useable production should then be cal-
culated. Since this involves gquestions of accessib'lity and alter-
native uses, estimations of traditional fuels supplies becomes
largely an economic problem.

Calculations of the amount of useable production are also diffi-
cult to estimate. The practical measures of consumption of wood
fuels are in arm or head loads, stacks, cartloads, or sacks (for
charcoal). But these are gross measures at best, since wood varies



considerably according to species, moisture content, size ané
shape of branches or lags, and proportion of twigs and leaves
insluded. To determine the energy content of local fuels reqguirzes
at least a modast engineering laboratory. The enercy values of
a given guantity of wood or other fuel may vary considerably
from area to area, and very few measurenents have ever actually
been made. Finally, the ef2iciency~--both under laboratory and
kitchen conditions--with which the f#yel is consumed or burned
should be estimated. Again, this has almos:t never been done;
the efficiencies of most traditional cooking devices have never
been tested.

However, in comparison to other eraditional fuels, firewood
is perhaps the most uniform and easiest to guantify. The varia-
tions in mass and energy content of dung and crop - .sidues ace
generally even worse than for wocd.

Wood fuel consumption estimates for Bangladesh, where a number
of estimates of regicnal or national consumption have been made,
vary by a factor of ten.Ll/ This is probably the normal case.
Most "field surveys" conducted to date have relied on one-time
interviews with wood gatherers o: heads of households. They
are therefore based on the reco'.lections and estimates of the
interviawee rather than on actual physical measurement. Some-
times very dubious assumptions are made in these surveys. For
example, one day's consumption may be assumed to be one 365th
of yearly consumption, or the amount purcnased by those at a
wood fuels market may be extragolated to all households.

For the reasons cited above, it is impossible to precisely
quantify the amount cf traditional fuels being produced and
consumed 1n develogzing countries. However, sufficient data
are available for generally estimating the exteat to which these
countries rely on tracitional fuels to meet thelr energy neecés,

NMational Reliance on mraditional Fuel

Governments, foreign donors andé energy experts have "cenven-
tionally" viewed energy in the developing countries to be as pic-
tured in Figure lA. But there are a small number of more or less
detailed surveys of traditional fuels use within specific commun-
ities of several countries. BY conservatively extrapolating
from these studies, and from the best available national estimates
of consumption cf wood and other traditional fuels, it is reason-
able to assume that the picture of energy fuels sources in the
developing countries more nearly resenbles Figure IB. By conserva-
tive estimate, then, traditional fuels account for approximately
one-third of all the fuels used 1in the developing countries as a
group.*

*Enimal draft power and human labor, apimate eunergy Or the traditional
cower sources, are virtually never included in enercgy analyses. For
most public policy cdecisions, they can be safely icnoreé¢. Bu:z in
Third World agriculture they are important sources, DI v.éding up &2
903 of all energy w.sed in traditional agricultural systems. Measur-
:ng and accounting for animate energy 1S problematic, but estimates
for Irdia and Thailand suggest that znimate sources account fzr n2arl
a thiré of all energy used in developing countries. Tn.s parer
addresses only 1nanimate, traditional fuels. The whole area of
traditicrnzl power sourses merits study as wall,
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Figure 1

Inanimate Sources of Energy in Developing Countries, 1976

A. Conventional B. Conventional Energy Plus
En=rgy Traditional Fuels

Natural Gas

153
Conventional
Petroleum “ llydro and Nuclear Engzgy
63% 43
Coal
18%

Wood Fuels
37%

Total: 846 x 106 Metric
Tons of Coal Fquivalent

Tfotal: 1517 x 10° Metric

Tons of Coal Equivalent

Source: Conventional enerqy data from U.N., World neray Supplies,
Series J. Traditional fuels data from Arnold, 1978; Spears,
1978; and FAO, Yearhook of Forest Products, 1977.




From AID's perspective, however, this may considerably under-
state the significance of traditional fuels. 1In the first place,
the bulk of the third world's conventional fuel consumption occurs
in the better-off developing countries, many of which are outside
of AID's purview. These countries also account for relatively
small shares of the third world's total consumption cf &tradi-
tional fuels. Therefore, many developing countries, especially
the pcorest, are proportionally much more reliant on traditional
fuels. Roughly 65 countries derive half or more of their fuel
from traditional sources. Of these, nearly 45 are at least 75
percent reliant on traditiocnal fuels, and traditional fuels pro-
vide at least 90 percent of all fuels in nearly 30 of the world's
poorest countries. (See Table 1l.)

Furthermore, while considerable amounts of wood fuels are used
in some modern industries such as steel smelting, and wood fuels
and crop residues are widely used throughout the third world in
small commercial and industrial enterprises, the vast bulk of tradi-
tional fuels are consumed by households. Therefore the well-being
of most people in the developing countries 1s directly related
to price and availability of traditional fuels.

Consumption and Production

Consumption

The official estimate of annual wood fuels censumption 15
the developing countries is about 1300 million cubic meters.Z
This estimate 1s based largely on figures collected from national
governments by the FAO, and some critics consider that this
figure underestimates actual consumption by nearly half.3
In any event, FAQO experts agree that the primary reason that wood
fuel consumption in many areas, including much of India, is not
considerably greater, is that the wood supplies simply are not
availanle there., Therefore, cow dung and crop residues must be
burned instead.

Estimates of dung and crop residue consumption are even far
less certain than for wood fuels. For example, in one African
country, it was recently found that large numbers of rural people
consume millet straw. They do so by choice, largely because after
harvest it can readily be gathered from fields adjacent to their
homes. But the forestry officials in the capital city were unaware
that their people consumed anything but firewood. 4/



Approximate National Relian

Table 1

ce on Traditional Fuels

Expressed as Shar

figures in pa
cially repor
combined wood

all data are from 1976
derived from Appendix A and a
rentheses are the percen
ted woed fuel consumption as a share of
fuel and commercial energy

listed, within categories, rough

ascending GNP per capita

Modest Reliance

Medium Reliance

e of Total Commercial Energy Plus
Traditional Fuels

uthor's estimates

tage of offi-

ly in order of

Heavy Reliance

Less tran half

approximately one-
half to three-gquar-

more .* = nine-

ters tenths or movre
Pakistan (22) Togo (67) *Benin (86)
Mauritius (2) India (28) *gurundi (89)

Morocco (22)
Rhodesia (36)
China (9)
N. Korea (0.3)
S. Korea (8)
Philippines (.41)
Ecuadcr (20)
Alban.a (24)
Algerza (4)
Tunisza (25)
Iran .1.3)
Lebanon (l.6)
Argentina (3)
Chile (14)
Cuba :5)
pomin.can .epub-
lic .19)
Guadalupe (19)
Mexico (4)
Panama (29)
Peru {20)
Uruguay (13
Fiji :2)
Cyprus (NA)
Malta (NA)
Portugal (3)
Roman:a (2)
Turkev (18)
Yugos.avia (4)

Indonesia (62)
sri Lanka (55)
vietnam (55)
Gabon (44)
Liberia (53)
Mauritania (63)
Senegal (63)
zambia (45)
Thailand (34)
Bolivia (45)
Colombia (37)
£l Salvador (53)
Guatemala (60)
Honduras (64)
Malaysia (25)
Mongolia (25)
Brazil (38)
Costa Rica (50)
Nicaragua (47)

(21 countries)

*Cameroon (82)
*Cape Verde (NA)
*central Af{rican
Empire (91)
*Chad (94)
*Ethiopia (93)
Gambia (73)
Guinea (74)
*Guinea Bissau (87)
Kenya (74)
Lesotho (NA)
Madagascar (80)
*Malawi (82)
*Malil (97)
Myzambigque (74)
*Niger (87)
*Rwanda (96)
gierra Leone (76)

*Somalia (90)
sudan (81)
rTanzania (94)
*Uganda (91)
*ypper Volta (94)
zaire (76)
Afghanistan (76)
Bangladesh (63)
shutan (NA)

*gurma (85)
*Cambodia (93)
*Laos (87)
*Nepal (96)

three-quarters oOr



Table 1, continued

l.ess than half

Modest Reliance Medium Reliance Heavy Reliance
approximately one- three-cuarters or
half to three-gquar- more .* = nine-
ters tenths or more

Libya (5)

Hong Kong (NA)
Israel (NA)
Singapore (NA)
Bahamas (NA)
Venezuela (8)

(36 countries)

Unclassified:

*Yemen (NA&)

*Yemen (NA)

*Haiti (92)
Ancola (74)

*Botswana (NA)
Cengo (80Q)

*Ec. Guinea (86)
Ghana (74)
Nigeria (82)

*Swaziland (NA)
Paraguay (74)
Papua New Guinea (66)
(44 countries)

*26 r~ountries

Egypt, Iraq, Syria, Bahrain, Brunei, Kuwait,
Oman, Qatar, Saudi Arabia, United Arab Emirates.



Production

The data on potential traditional fuels supplies are more
tenuous even than those for consumption. Estimates of forest land
in ¢he third world vary considerably, and do not include trees in
yards or along roads or fieldsides that comprise a major source
of domestically-consumed firewood. Several estimates of the poten-
tially- available quantities of crop residues and animal manures
have been attempted.§/ But their authors freely admit that these
should be considered very rough estimates of the outer limits
of resource availability. Even where such residues are an impor-
tant component of fuel supplies, generally less than a quarter of
the materials are gathered and used feor fuel.2

In any event, at the macro level, accurate supply figures may
be essentially irrelevant, or at least not very useful. For prac-
tical purposes, it can usually be assumed that supplies egual
consumption. Analytically, the only way to say that supplies are
inadeqguate is to establish a "minimum" fuel need and compare 1t
with available supplies. But defining a minimum fuel regquirement
1s fraught with even more difficulties than, say, setting a minimum
nutritional reguirement. Not only do people's energy "needs" vary
according to climatic and cultural and other factors, but a given
quantity of fuel may be used eithex inefificiently or very efficiently
depending on what kind of kiln, stove, or other cenversion device
1s used.

At the micro level, traditional fuel supplies can generall
be assumed to be "adequate" 1f (l) people are using woog or char-
coal rather than other fuels, and (2) the cost, either in mone-
tary price or time devoted to gathering fuel, 1s low and stable.
Equilibrium involving use of dung cr crop residues have been
reacned in many areas that either are naturally t.eeless or

have been deforested for a number of yearc. It should also be
emphasized that fuel is not the only product that trees produce.
Fruit and nut trees are often importarnt sources of food and indiv-
1dual trees or groves may have religious significance. People
will try to preserve these trees even when local fuel trees have
been exhausted.

11



Patterns of Use

Domestic Use

Quantitias and types of traditicnal fuels usage vary marked-
ly frem country to country, and even between adjacent villages.
Therefore it is extremely difficult to generalize about tradi-
tional fuels usage, except to say that firewood and charcoal
genarally seem to be preferred over other traditional fuels. This
is unsurprising, since wood fuels are relatively nmore concentrated
(have a high heat value per unit of volume or weight), are easier
to transport and store, and generally arze cleaner burning than dung
or residues.

Beyond that, it is possible to identify at least ten factors
that seem to influence the amounts and composition of traditional
fuels use by individual consumers (i.e. families):

e availability of fuel
e relative price of fuel

® income level of <consumer

e size of family (larger families appear
to use less fuel per capita)

e food and cooking stvyle preferences
e other cultural practices or inhibitions
e climate, and seasonal changes in climate
e educational level of consumer
e urbanization
e personal preferences
Urban use of traditional fuels is likely to be primarily of
charcoal, because of its relative convenience and cleanliness, and

because it 1s easier to transport and store.

Industrial Consumption

Perhaps 15 percent of all wond fuels are consumed by industries,
either smali local enterprises, such as pottery, brickmaking, 2nd
blacksmithing, or in large-scale steel and other metallurgical
processxng..u/ Charcoal 1s generally the egqual of good quality coal
for metallurgical indus=ries, and a rumber of developing countries,



such as Brazil, which do not have major domestic coal reserves,
rely heavily on charcoal for their steel production. This seems
likely to increase. Fuelwood and bagasse can also readily be
used to generate electric power, and AID is already involved in
such a project in the Philippines. 1In Senegal,/peanut shells
are now being used to power peanut oil plants,g

Charcoal is also increasingly valuable as an item in export
trade. Several oil-rich but wood-short countries of the Persian
Gulf, where charcoal is a preferred cooking fuel, are willing
to pay high prices for shipment from East Africa. 1Ia recent
years the industrialized countries have also rapidly increased
their use of activated charccal, which can remove pollutants
and wastes in a number of industrial processes. The international
charcoal trade deserves analysis., 1India, Sri Lanka, Indonesia,
and a number of African countries seem to be substantial charcoal
exporters, supplying charcoal to Japan and Western Europe as well
as to the oil states of the Middle East. The cfficial statistics
(FAO) on international charcoal trade are included as Appendix 2
to this paper.

Svmotems and Effects of Traditional Fuels Stress

Reliance on traditional fuels has contributed to deforestation
problems ever since humans first began to concentrate in settle-
ments large enough that their domestic firewood needs, or fuel
demands for specialized purposes such as smithing and smelting,
exceeded the sustainable capacity of adjacent woodlands. The tradi-
tional responses to such situations appear to have been to move
to a new area where wood was more plentiful or to convert to alter-
native fuel sources, such as dung and crop residues. A few hundred
years ago, of course, some people, notably in Western Europe, began
to make what might be termed the conventional response to such
shorteges, 1.e. the use of coal and other fossil fuels.

Localized overuse of firewood has a long¢ history. However,
the present set of environmental and socioceconomic problems surround-
ing overuse of traditional fuels results from two conditions which
are fundamentally new in human history. First, rapid rates of
population growth, urbanization, and settlement of nomadic peoples
are all working to raise fuel demands in individual communities.
But also because of population pressures, unsettled frontier lands
are now scarce. Therefore few people can still make the traditional
response of moving to an area where firewood is more plentiful.
Second, the wealthier people in a community, and the wealthier
communities within regions, generally do have access to alternative
energy supplies. These alternatives, conventional fuels such as
kerosene, bottled gas, or coal, are inherently more powerful or
econonmically productive than traditional fuels. Fregquently taey

13



are actually less expensive than traditional fuels. As a result,
the wealthier are able to further increase their productivity

and wealth, while their poorer neighbors, "stuck" with dwindling
supplies of traditional fuels, grow both absolutely and rela-
tively poorer.

Socioceconomic Effects

The firewood crisis is a classic "tragedy of the commons”,
but severely exacerbated by poverty. While the population of
a community is small or stable, it probably consumes less firewocod
than the surrounding woodlands regenerats each year. Even if popu-
lation or per capita consumption increases to the point thet
annual regrowth is consumed, there will be no percevtible eifect.
But once consumption exceeds annual regrowth, the standing forest,
or tree capital, is reduced. If the trend contianues for even
a few yes.3, the result is a precipitous and accelezating decline
in avai.ability of wood resources. Even once this trend becomes
obviaur,, the "tragedy" is that it is in the interest=--or need--
of al. to continue cutting and gathering fuel, but in the interest
of none to replenish this resource - in many countries,
those who plant trees have no guarantee to t»: harvest.

The effects are similar, however the trees may "disappear."”
For instance, land cleared for acriculture no longer produces
wood for fuel. Or land that has traditionally been open nay
pe made private; even 1f 1t still contains trees, they may no
longer be a legally available source o: fuel.

The trend tends to develop its own impetus; as a landowner
realizes that wood fuel is becoming scarce or of commercial value,
for the first time he may "close" access to the wood fuel collec-
ti1on on his land, perhaps reserving it for his own use or perhazs
selling the fuel in a market. As a result, the pressures on the

woodlarnds that remzin accessible is increased, and the cost of
firewood and charcoal rises.

In many areas céuring this decade, prices Sor commercial fire-
wood ard charcoal have risen as fast or faster than the price of
kerosere or other petroleum-based fuels. And in areas as diverse
as Nepal and East Africa, the gathering oi firewood that a decade
ago was an hour's chore near one's home now mav involve a 10 kilo-
meter walk or ride and families commonly must devote 200-250
person déys each year simply to maintaining a minimum firewood
supply. 2

In general, this inflated work burden seems to fall most
heavily on women who, along with children, have been the trad:-
tional firewcod gatherers in most cultures. 323ut 1n some cases,
tre additional distance and diificulty of suel gatherindg 1s
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making it a man's job. Whether gathered by men or women, the
constant need for firewood supplies reduces the time available

for agriculture or cottage industries and other productive activ-
ities. (There are also a few reports of children dropping out

of school in order to assist their families to meet their fuel
needs. 10/ Some observers attribute the increasing labor irtensity
of fuel gathering to he a factor in a couple's decision to

have large families. 1l/)

Purchase of firewood or charcoal has been estimated to
require a quarter to a third of the average laborer's income
in several Sahelian cities. 12/ The burden of high fuel costs--
whether measured in earned income or hours devoted to gathering=-
falls heaviest on the poor. Unable to afford substitutes, they
have little choice but to pay more or to decrease their consumption.
In some areas, people appear to have been reduced from two to
only one cooked meal a day, and in some areas therg has been a
shift to planting crops that require less cooking.lif No detailed
study is available, but it seems likely that this reduces the
nutritional level of the pecple involved.

People in some areas have become openly defiant of government
laws prohibiting fuel collection from state-owned woodlands.
Since forestry departments are usually responsible for proteciion
of such forests, rural people in a number of countries have ccme
to identify the forest ranger as a government policeman, to be
outwitted 1f possible, and to be fought if necessary.lﬁ

The most insidious social effect of firewood stress appears
then to be that the poor, who already use their energy with the
least utility, must devote more and more of their limited income,
time, and labor to simply maintaining their present fuel con-
sumption. This further disenfranchises them from the development
mainstream, and may contribute to their distrust of government
author:ties. 1In arid areas, especially where they can observe the
1oss of accessible trees or woodlands within just a few years,
the impact 1s a clear manifestation of their lack of control over
their lives and future betterment.

Environmental Effects

The most deleterious environmental effect of firewced stress
1s the diversion of dung and crop residues from crop lands, there-
by preventing the return of organic matter to agricultural soils, =3/
This short-circuiting of the natural soil cycle has serious ef-
fects on soil fertility, erosion, and water retention.

Firewood overconsumpticn is clearly a serious factor in desert-

1fication--the human-induzed degradation of arid lands 1nto unpro-
ductive deserts. Firewood consumption itself is probably not a
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major cause of deforestation in most areas with humid climates.
However, even in humid regions, use of wocd, twigs, ané leaves
may occur at levels that impair soil cuality, at least over the
long-term, and on mounta:n slopes the loss of organic matter
may quickly lead to sericus erosion problems,

Burning of traditional fuels, with the general exception of
charcoal, poses health problems and fire hazards. Respiratory
problems and eye disorders are far more common among those (women)
frequencly exposed to the smoke from household use of traditional
fuels. Burning of traditional fuels also has undetermined effects
on ambient air quality. Burns and loss of property due to fires
from traditional fuels usage have received little attention, but
should be considered.

In general, the environmental conseguences of burning wood
fuels appear to be less serious than the burning of other 2uels.
Therefore, from a societal view, wood is generally the traditional
fuel of choice. Because of health impacts and convenience of use,
individual consumers also ge?%rally consider wood to be the gpre-
ferred of traditional fuels.-/

Positive Notes

A recent study for the Congressional Oifice of Technology
Assessment offers a very encouraging conclusion. AZfter reviewing
the potential resource availability and the existing or likelv-
to-be~-developed technologies, the researchers found 1t "credible”
that 1t is possible to "provide ennugh energy from locally acces-
sible biomass to meet all regquirements for cooking, space heating,
lighting, and, where applicable, for tube well irrigation in ths
rural areas in all developing countries." 17/

(emghasi:s acdced)

With a concerted eifcrt, the international scientific and
forestry community should be able to develop more efficient stoves,
improved tree varieties, and agroforestry svstems that will ulti-
mately boost the productive capacity of most developing countries
and that will offer sustainable employment in rural areas that
otherw.se might have stagnatad econcmically and ecologically and
been given up as waste'lands.

A range of solutions for acddressing the fuelwood crisis is
the subject of the next section.
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III. SOLUTIONS

Technologically, the firewood crisis is an energy problem.
There are a range of solutions for addressing this crisis. Some
of these involve forestry-type interventions, such as establishing
fuelwood plantations or village woodlots for the purpose of in-
creasing supply. Another approach is to promote conservation,
through the introduction of more efficient cookstoves and improved
charcoal making technigques. And thirdly, reliance on fuelwood
could be reduced by substituting alternative fu~ls, such as bio-
gas or petroleum. These possibilities, includin¢ their potentials
and constraints, will be discussed in greater de‘ail in this
section. The need for a more complete data base upon which to
base policy and programming decisions is emphasized. This sec-
tion concludes that in some countries, only a national effort will
address the problem, and urges AID to provide assistance in this
endeavor.

Increasing Supplies of Wood Fuels

The most cbvious solution to wood scarcity is to plant more trees,
either in large commercial plantations, in village woodlots, or in
private yards and along the edges of fields and roadsides. The
planting may also be aimed at counteracting desertification, protect-
1ng watersheds, and increasing forage and building supplies or other
forest products. As public works projects, reforestation and affor-
estation projects can provide labor and are attractive projects in
"food for work" programs, particularly in the rainy or "off" seasons,
when other public works pLojects such as road construction come to
a halt.

Private or public fuel plantations near urban markets appear
to be attractive investment opportunities, and could greatly relieve
the pressure that urban wood fuel needs place on rural wood supplies.
Since a profit motivation and well-organized commercial wood fuel
markets usually are already established, these commercial plantations
will probably be relatively easy projects to support.

Village woodlot programs will generally be much more problemataic,
even though they are on a smaller scale. Scarce or private land
may be needed for tree growing. And insuring that the poorer inhab-
itants of a village, who may be most in need of the firewood, have
equal access to the wood produced can be very difficult.?

*Examples of now these problems have been met in programs in
India and South Xorea are discussed in Section 1IV.
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Although trees have lcng played an iaportant role i1n prowvidin
numan material goods and services, in contrast to rost fooé pians
they have barely been domesticated or imgroveé for human gurscse
There 13 increasing, and well-justified interes: 1in acroforasezv==
the in=eraction of tree crcrs with traditicnal cultural crozs cr

livestock production and the éeveloznent of cultural tree crogs.

“ n 3}

Agroforestry holds tremendous promise for producing fuelwood
while alsc improving the productivity of both conventional agri-
cultural lands and more marginal land areas--such as hilly or moun=-
tainous, and wet climates and, to a lesser extent, arid regions.

But the present state of the art is still im its infancy, and even
with advanced scientific research technigues, genetic selection

and enhancement of specific tree crops face the problem of trees'
slower life cycles than of most food crops. While mcst agricultural
crops are ready for harvest and procduce seed within a single growing
season, trees usually require at least several years, sometimes

even several decades, to complete a generaticn.

A number of tree species are already known to be distinctly
attractive as fast-growing fuel varieties, however. Their rate
of growth may be several times that of most trees. Varieties
of eucalyptus, Gmelina, and Leuceana, for example, are already
fairly well kncwh, and these types could be beneficially plantad
in many areas. These and other species merit continued testing
and i1mprovement.

Fast-growing varieties may he the best way to meet 2
wood shortage. OQver the longer term, however, or in areas where wcod
ci;el suzplies are not so tigh%, trees that are raisad for fruit and
nuts or for other products may be a more attractive option. Fuel
can be produced, at a less intensive rate, from the trirmings aad
deadwood of these traes. For examgle, in Malaysia, firewood 1is
scarcely a problem in rural areas because, throucghout the country.
prunings from rubber plantations are readily available.

Applied research and technical know-how are only two elements
of a community forestry project. With a minimum of effcrt and
care, tree planting can be done by anyone. Since trees can pro-=
duce food, forage, building materials, fiber, shade, and since
they are widely recognized to have beneficial effects in reducing
erosicn and loss of surface watar, it would seem that virtually
everyone would have an interest in reforestation and afforestation.
But the fundamental problems of poverty, ineguity, and lack of
infrastructures in many developing countries greatly hinder such
a simple solution.

In order to plant trees, people need to have a stake in sore
of the benefits. Thev need assurance that taey or their children
will have access to the wood ané other products that the tree may



Existing land distribution and property rights
such assurances.* Furthermore, the rela-
several years at least, before most trees

the planting investment, make tree

planting and nurturing a low priority in the lives of poor people with
concerns about supplying today's food, fuel, and other material

needs. Firnally, even where people might be willing and able to

plant trees, seeds or nursery stock are fregquently not available,

nor are the fertilizers or irrigation water supply that may be

necessary.

ultimately produce.
frequently fail to offer
tively long lead times,

begin giving any return on

Because traditional fuels problems are largely manifestations
of the socioeconomic complexities (poverty and inequality) that
underly all development problems, technological projects can be
successful only to the extent that they are supported by govern-
ment commitment and the active participation of the local community.

There have been a number of rather disastrous attempts to
force reforestation projects on rural communities. But there are
also some instances where reforestation efforts have made progress
that is little short of astounding., These include South Korea
and parts of India. 1In all these cases, the government authorities
have demonstrated strong support for rural betterment, and have pro-
vided some basic technical assistance and nursery stock; anc
the people have been given control over the design of the plantinc
scheme and have shared in the benefits.

Improved Stoves and Kilns

Most stoves or fireplaces in third world homes probably
deliver between 2-10 percent, and at most 20 percent, of the
fuel's energy content to the food being cooked. 1In contrast,

a typical American household's gas stove's efficiency is closer
to 70 percent.

Traditional cooking technologies have evolved over the cen-
turies i1n accordance with cultural and environmental opportuni-
ties and constraints. But it seems reasonable to expect that
appropriate, improved stove designs are possible which could
double or triple average heat transfer efficiencies--effectively
doubling and tripling the local supplies of traditional fuels.

*In Asia, the percentage of landless and near landless families

1n rural ereas ranges from 53% in India to 85% in Java, Indonesia.
These figures are also high for Latin America, ranging from a

low of 553% in Costa Fica to 85% in Guatemala ard Bolivia. Although
data are not available for Africa, evidence indicates that the in-
Eﬁfgtlgs causeP bv land ownership patterns are considerable. See
E oE Esman, _Landlessness and Near-Lan@lesspess in Develowning

ountries (Ithaca, New York: Cornell University, August 1978.)
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The evidence on the small number of improved stove types
that have been developed in recent years is mixed. 1In some 1nstances
a given design appears to significantly reduce fuel consumption,
In other homes using the same stove,no saving is apparent. A cgreat
deal seems to depend on how well the individual stove is con-
structed, and on the cooking practices of the cook.

The most promising n7w stove design is the Lorena stove,
developed in Guatemala.l_ Carefully constructed of a mixture
of certain types of clay and sand, with metal baffle and a chim-
ney, the stove, when constructed properly, appears to perform
very well. It seems to be gaining steady acceptance in rural
Guatemala and Mexico, and it is now being introduced in Java as
well,

The basic thermodynamics of small combustion chambers such
as in small stoves and fireplaces has never been rigorously
studied. VITA, ITDG, and other technology development groups
are now arranging to conduct this basic research. They deserve
full support from AID. fter the basic heat transfer processes
are better understood, there should be opportunities for studyinc
and adapting traditional stove designs.

Clay stoves or chulas have attracted the actention
of local engineers in a number of countries, and local universities
will undoubtédly have a strong role to play in the analysis and
improvement of traditional stove designs in their countries.

Traditional technologies for charcoal production can also be
greatly improved. Traditional charcoal kilns may be very cruce; the
charcoal mav simply be produced in pits covered with earth. As
a result, a good deal of wood 1s wasted. It may take up to twelve
un.ts of wood to produce a unit of charcoal . But with modern
kilns or pyrolysis units, this recovery rate can ke 1mproved.

The primary barrier to much greater use of more efficient
kilns 1s probably their cost. But charcoal is a well-commercial-
ized business in most developing countries, and the rate of return
on an efficient charcoal kiln should wusually be fairly good.

The problem then is one of initial investment cost, and a shortage
of capital available to small charcoal producers. With modest
funds channeled through local lending agencies, AID might thereby
be able to have a significant impact on consumption of wood for
charcoal.

The 1mportance of i1mproved stoves and kilns 1s hard to cver-

stress. They make an immediate and pvermanent reduction in the
per family consumption of wood or other traditional fuels.
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New and Renewable Energy Options

Thire .5 great hope for the new renewable energy sources in
rural areas of developing countries. Solar power systems, wind-
mills and generators, small hydro units, and biogas generators
all hold a great deal of promise. But all of these, except bio-
gas units, are producers of mechancial or electrical power, not
fuels. Efforts to introduce solar cookers to India and Africa
have been made for over a century, so far without success. Attempts
to develop appropriate solar cookers should certainly be continued.
Solar water heaters already hold a great deal of promise for replacing
wood fuels in small commercial establishments, such as restaurants
and canteens, and perhaps in private homes as well.

For rural fuels, biogas is perhaps the most promising of
the new technolcgies. Biogas makes use of crop residues and ani-
mal dung more efficiently than if they are burned in traditional
fires, and it preserves their residues as a high quality fertilizer.
It also makes it possible to utilize human wastes and the wastes
of animals such as pigs and poultry that have not traditionally
been used as fuel. But ironically, biogas use can seriously worsen
the fuel situation of traditional energy users. 1In India, for
example, at least 3-4 cattle are necessary to provide sufficient
dung for the biogas digestors being used. But only relatively
wealthy farmers have that many cattle, so only they can beneZit

from the improved technology. Traditionally, the people who use
cow dung are often not the people who own the cattle--acain, a
reflection of relative wealth, since the farmer who can afford
cattle can also afford to purchase wood or kerosene. Therefore,
when a wealthy farmer begins using biogas, the poor and landless
who have traditionally been allowed to collect the droppings of
cattle are suddenly denied access to the cow dung, losing what
may be their only source of fuel. This effect might be mitigated
by establishment of community biodigestors, as is the practice in
China. But in most situations such community systems may be diffi-
cult to put into practice.

Biogas should be widely encouraged, because it does
reduce pressures on alternacive fuels and increases overall effi-
ciency or productivity of fuels use i1n a community. But due con-
sideration should be given to the ecuity problems that introduction
of biogas technology can raise.

Conventional Eneragy Options

Conventional enerqgy solutions to traditional fuels shortages,
l1.e., substitutions of fossil fuels, generally will not ke appli-
cable. There may be instances where a small or low grade c¢oal
de2posit can be developed to provide fuel for a community or region,
and a few countries rich in o1l or natural gas may be able to aiford
to invest 1n the infrastructure needed for those fuels to meet
a significant share of domestic needs. But conventional fuels
will be too valuable for industry and as fertilizer or petrochemi-
cal feedstocks, or as foreign exchange earners, to be allocated
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o rural domestic fuel needs. Even "emercgency" allocaticn ané suo-
si1dy Qf petroleum fuels for domestic markets to offset local wood
fuel shortages seems to hold little promiie. Kerosene stoves, Zor
instance, would also have to be provided, and people wculd have

to perceive that these new conventional fuels were desirable and
that supplies could be counted on.

Although the introduction of electricity through central gricés
has occasionally been touted as a means of substituting for tradi-~
tional fuels, this option also seems likely to have very little
impace. Rural electrification programs are extremely costly,
and they are only slowly penetrating rural areas. Even in "elec-
trified areas" usually only the wealthiest can afford to purchase
the (subsidized) electricity--or the appliances necessary to use
it. Hot plates anag electric stoves are comparatively expensive
and alien devices for most rural peorle.

Research and Data Gathering

As already emphasized, data on traditional fuels usage are
sparse. But relatively little statistical data are necessary to
establish some initial pricrities and develop a £irst generation
program. Detailed studies of 2 community's particular supply,
demand, and distribution patterns must be conducted at the project
planning level because usage patterns differ markedly between
and within regions. Much of the relevant data-~such as the choice
of tree species or stove design, or the best technigue for intro-
ducing these technolcgies in a given community--can only be
deriveéd from actual project experience.

There is need, however, for governmental capacity to assess
the general levels and patterns of traditional fuels consumption
in order to design overall energy and other public policies.
This suggests the need for traditional fuels offices or officers
within governments. Ideally, these might be located within the
government ministry responsible for energy, with very close t:ies
to the ministry responsible for forestry, agriculture, and land
use.

As an increasing amount of experience is gained in traditional
fuels projects, and as information about new stoves and kilns and
improved tree varieties accumulates, it will be increasingly impor-
tant for governments to have a capacity to examine and review
this information, so that it may be adapted to local needs and
situations. This suggests both a need tc establish effective
mechanisms of international information exchange and a need for
careful review of projects as they are conducted. Foreign donor
agencies such as AID share these interests, and AID might play
a useful role by supporting case studies and project reviews.

There 1s need for basic research and develcopment (R&D) on
a number of topics related to traditional fuels:
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e basic sociological, economic, and ecological studies c3
traditional fuels usage;

[ thermodyqamics of conversion technologies--both basic
engineering studies and adaptive work on traditional
stoves and charcoal kilns;

e agronomy and silviculture;
e yields of tiaditional fuel crops;
e traditional agronomy or cultivation technigues;

e improved cultivation techniques and genetic improvement
of fuel crops.

Information exchange will be vital. Researchers, project
managers, and policy makers all need to be kept abreast of the
latest developments in community forestry and traditional £fuels.
Cross-fertilization of research and project ideas between third
world experts should be facilitated. Excnange of high-quality
seeds and other propagating materials will be important. Case
studies and how-to manuals will be important to project managers.
And careful, perhaps creative, eccnomic analyses of traditional
fuels and forestry projects will be of particular interest to
public policymakers. .

Opportunities for AID

Traditional fuels preblems are essentially local problems
which must be dealt with at the local level. But there are at
least a few countries where these local problems have multiplied
to the point where they are pervasive problems at the national
scale. In areas such as Nepal, Haiti, and the Sahel, probably
nothing less than major national or regional programs will
have sufficient impact to make much difference on the situation.
Such programs are under development, with at least some partici-
pation by AID, in Nepal and the Sahel. It has also been proposed
that AID should organize such a national program in Haiti.2

But the general thrust of AID community forestry and tradi-
tional fuels assistance activities should probably be in inte-
grating forestry components into comprehensive rural development
programs. This is the basic strategy of the world Bank.3/

In addition, AID should be open to cpportunities for addressaing
traditional fuel needs of urban areas. Urban traditional fuels
sroblems should be well within even a strict interpretation of
AID's mandate to focus on the "poorest of the poor" for several
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reasons. In the first place, it 1s lower inccome urzan céwellers
who are most dependent 2n wood fuels and cannot afford o convars:
to conventicnal alternatives. And secondly, the csncentcrated,
large-scale consumption needs of urban areas are a steady drain,
penetrating every farther into surround.ng rural accis. 7his
rain literally saps the present and future productivity of rural
areas, and increases the incentives for migration to urban areas.

Several countries, notably Korea and India, are addressing
their fuelwood prcblems with a concerted national program. In
the Sahel, a regional reforestaticn effort is underway to arrest
desertification and restore an ecological balance. AJD has played
an active role in the formulation and implementation of this
progran. These efforts will be discussed in greater detail in
the following section.



1v. PAST AND PRESENT EFFORTS

In recent years, several countries have perceived the pres-
sures of firewood stress and have mobilized programs which have
effectively reduced their problems.* In India such efforts have
been underway since the early 1950s, with varying degrees of success.
South Korea may have made the most remarkable comeback to date,
in the space of less than a decade.** The countries of the Sahel-
ian region, faced with severe environmental degradation, have recent-
ly launched a program to address these problems through their
regional development cooperation group, the CILSS. AID has par-
ticipated in this program, and ig funding several fuelwood projects.

In this chapter, these experiences will be reviewed and the
past efforts of AID and other donors will be briefly summarized.***

India

Political support for community forestry in India dates back
to the early 1950s. The newly independent government's first Five-
Year Plan established community forestry as a high priority, and
the revised National Forest Policy gave state forestry departments
the mandate to encourage and support these activities. Vanamahot-
sava, or the annual Festival of Trees, was inaugurated to raise
public consciousness to the importance of trees. However, in spite 1/
of strong government commitment, community forests have not "clicked."=

The general failure of "social forestry", as it is now being
called, can in large part be attributed to strong local distrust
of the national and state forestry departments, which have tradi-
tionally been responsible for managing and protecting forest
tracts for timber production. Forestry agents are viewed by
the rural poor as enforcement officers unconcerned with the needs
of the local populace for wood products.

* The forestry program of the People's Republic of China has
reportedly been overwhelmingly successful. Lack of informa-
tion, however, has precluded a review of this effort.

** Reviews of the Indian and Korean experiences are based upon
the work of Eckholm, Shah, Argal and Bong Won Ahn.

xx%* A detailed review of past and present fuelwood projects supported
by AID and other donors was not within the scope of this study.
Several efforts are currently underway to compile this informa-
tion. First, the Bureau f{or Program and Policy Coordination
and the Development Support Bureau in AID are in the process
of making an inventory of all AID forestry projects. Second,
the U.S. Forest Service has ° participating agency service
agreement (PASA) with AID to inventory all forestry activities
supported by other donors. Aand third, the Peace Corps will soon
be undertaking an evaluation of ten case studies of forestry/
natural resource projects to identify factors contributing to

project success or failure.
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In an attempt to reverse this past trend of failure, the
State of Gujarat created a forestry extension service in 1969
and embarked upon a program geared to the needs of the rural
poor. One of the first activities was to plant trees on guvernment-
owned land along roads and canals, In exchance for protecting
the seedlings, neighborhood communities were given the richt to
cut the grass from beneath the trees and share the proceeds from
the harvests. This effort has demonstrated to local people that
trees can in fact grow, and quickly, in their communities with
beneficial returns. Local impressions of the forest department
have also become more favorable., As for more concrete accomplish-
ments, trees havezyeen planted along 6,000 km, or 35% of all state
roads and canals.=~

The next step was to promote a village plantation scheme.
Extension agents visited villages to encourage local leaders
to set aside four hectares for a community woodlot. Each par-
ticipating village receives seedlings, and the government also
provides the wages for laborers who plant and maintain the wood-
lots. In return, villagers are responsible for protecting the
trees from premature cutting and hungry livestock. The village
harvests all minor forest products, and the tree harvests are
shared by the village and the Forestry service. To cdate, 3,000
of Gujarat's 1§,000 villaces have established woodlots under
this program.3

The department is now encouraging private indivicduals to
plant trees on their own land, and is offering free seedlings
and advice. It is also consicdering the possibility of providing
subsidies to poor farmers, who cannot afford to make the long-
term investment required without some outside help. Aand, as a
way to combat pilfering of forest tracts, plans are underway to
implement a "Social Security Programn" whereby landless farmers
will be paid by the government to plant, care for ané protect
small parcels of forest land in exchange for annual wages and
a share of the proceeds when the trees are harvested.

Spontaneous community involvement and initiative in forestry
programs in Gujarat still is an idea of the future: the current
effort remains a government program. However, impressive gains
have been made over the past half decade. Trees have been planted
on land which was, until recently, sterile. The extension service

is slowly earning the trust of the local populace as 1t works
with ther to meet local needs for wood products. Community
forestry may have a future in Gujarat if the extension service
continues to provide the enlightened leadership and assistance
of the past few years.



1n addition to promoting reforestation activities, the govern-
ment of India is also supporting efforts to conserve firewood
and minimize the losses associated with the burning of dung.
The Hyderabad Engineering Research Lab has designed a smokeless
mud "chula" or stove that can be fabricated with earth, clay, or
bricks, and saves from 20-40% on fuel.4/ The Central Arid Zone
Research Institute in Jodhpur has designed a solar cooker which
can be used to cook all kinds of food. And as early as 1939 the
Indian Agricultural Fesearch Institute designed a biogas digestor
or "Gobar-Gas-Plant" which produces a gas for cooking and a sludge
fertilizer. By 1974, a2bout 7,000 plants had been installed through-
out India, with plans to distribute an additional 36,000 plants
by the year 1979. The problem with all tne above mentioned inven-
tions is one of cost: many families cannot afford to purchase
a biogas digestor or a solar cooker without some financial assis-
tance. And in the case of the smokeless "chula", people still
must be convinced that the extra effort required to build the
stove will pay off,3/

Efforts are also underway to improve the efficiency of
crematoriums, reducing wood use from 400-500 kilograms to 160
kilograms. This could resu%t in substantial savings in & country
where everyone is cremated. &/

South Korea

A large percentage of Korea's domestic energy is used to heat
the home during the cold winters, when 2 femily can burn as much
as four tons of organic material to keep warm. Also, in a country
where ancestor worship is still an important part of daily life,
families reserve some forest land for burying their dead. On
tne supply side, all forest land was public until 1910, when private
ownership was legalized. However, peasants still view this land
as a public good and ccllect forest products freely. As a result,
there has been little incentive for owners to replant and maintain
this land../ As wood becomes more scarce, people are turning to
agricultural residues, grasses and forest litter as sources of fuel.
As elsewhere, removal of ground cover is causing erosion on
hillsides, downstream flooding and declimes in soil fertality.
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Village Forest Associations (VFAs) have sprung ug spontan-
eously throughout Korea since the l4th Century8/ and were formally
recognized by the government in 1953i. Cne decade lace. tie Forest
Law was enacted which provided a legal basis for VFAs, recogniz:ng
them as cooperatives responsible for implementing forestry activities.
Then in 1973 the government launched the Ten Year Forestry
Development Plan, and undertcok a number of measures to boost
the countcy's reforestation program. These efforts were consis-
tent with the Saemaul or "New Community" movement, inauguratec
in 1971 to slow down rural-urban migration by decentralizing
economic development and enhancing the standard of life in the
countryside. The forest service was reinforced; laws were passed,
and are being enforced, which prohibit tampering with forests,
as well as requiring forestation of all steep lands; and, an exten-
sive public education campaign was started. Perhaps most signi=-
ficantly, VFAs have been established in almost every village
in the country to execute forestry activities.

VFA membership, which is mandatory, includes forest land-
owners ané representatives from each household. Every Vra is
part of the national, nongovernmental network, the Korean National
Federation of Forestry Associations, based in Seoul. This union
acts as a liaison between the individual VFAs and the government
forestry service, the latter providing policy guidance, ard
financial and technical assistance.

"During the initial phase of the program, surveys were made
in each village to calculate local needs for forestry prcducts
and identify lands suitable for reforestation. Trees are planted
by the villagers on a volunteer basis. I the land to be planted
1s privately owned, the landowner has the choice of doing it
himself or turning it over to the association. The harvescts
are distributed among all households. Marketable surpluses are
sold, and the proceeds are deposited into the village cooperative
fund for use at some future time. The VFAs also patrol the natiornal
forests in their vicinity, protecting them acainst jllegal exploi-
tation and forest fires. In return, they are free to harvest
forest products and fuelwood.

The accomplishments of the program are impressive. Korea
appears to be well on its way to solving 1its fuelwood problem.
By 1977, about 643,000 ha. of fuelwood plantations had been estab-
iished. 9/ According to Bong Won Ahn, an official cof the national
federation: "The fuelwood component cf our forestry program 1s
essentizlly finished. We calculatei the needs and set planting
targets, and now these have been met. By the early eighties, when
increasing amounts of wood will be harvested fIrom the new_%lan-
tations, our rural fuel problems will be largely solved." 2

*2bout 177,000 ha. of the total were Zfinancaed waith a loan Zrcm the
World Bank.
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Trademarks cf the Korean program include strong government
commitment to and support for a national and community forestry
program, and active village participation. It should be noted,
however, that participation is mandatory, althouch the work and
the benefits are equally shared by all.

The Sahel

The Sahel, a semi-arid zone in West Africa, sandwiched
between the Sahara desert to the north and the tropical rain forests
to the south, is a marginal area characterized by variable rain=-
fall and periodic drought. During the past decade, prolenged
drought, coupled with overuse of the region's resources, have
created ¢ situation of extreme environmental degradation. Accord-
ing to a recent study, a large part of the Sahel will be desart
by the year 2000 unless a massive, concerted reforestation effort
is undertaken immediately.ll/

The process of desertificaticn has in part been caused by
the widescale removal of trees and other vegetation by local
populations, who use it for fuel. 1In the Sahel, wood is the
major source of energy, providing 84% of the region's total energy
needs. Ninety-nine percent of domestic energy 1s supplied by
a combination of wood, charcoal and agricultural wastes.

However, the rate of natural regeneration and reforestation
has not kept pace with demand, and in some areas in the Sahel
there are already severe shortages. Large belts of desert, in
some cases as great as a 100 km. radius, have already been created
around many towns and cities in the Sahel. These population
centers are placing increasingly greater pressures on land further
and further away. Dakar, the capital of Senegal, imports all of
its fuelwood requirements from other parts of the country, and
consumes 89% and 36% of total national marketed supplies of char-
coal and firewood, respectively. About 83% of the city's residents
use firewood exclusively for heating, cooking and other domestic
tasks, with the remaining 15% using it at least 1in part.i&/

By the year 2000, it has been estimated that annual consurp-
tion for the entire region will be about 33.5 million cubic meters.
(See Table 2.) To meat this projected demand, 3-6 million hectares
must be reforested by the year 2000, or 150,000-300,000 hectares
annually. The current level cf effort, averaging about 30,000
hectares per year, is clearly inadequate. The situation is
further aggravated by the slow growth rate of trees in this
water-scarce area.
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Table 2

Trend of Firewood Consumetion in Sakel Vest Africa
1375-2000

Million m3/year

Countries 1975 2000

Urban| Rural| Total | Urban| Rural| Total
Chad 470| 1,600} 2,000 1,700/ 3,600{ 5,300
Niger 330| 2,500{ 2,800 |1,200] 4,600| 5,800
Upper Volta 400] 3,300 3,700 1,400 5,800 7,200
Mali 610{ 2,900 3,500 1,900} 5,200f 7,100
Mauritania 120 700 800 6001( 1,100{ 1,700
Senegal 1,000 1,900 2,900 2,900 3,000} 5,900
The Gambia 30 250 300 1290 43C 550
Cape Verde Is. NA NA NA NA NA NA
TOTAL 3,000{13,0001(16,000 9,8001{23,700/33, 500

Source: CILSS/Club du Sahel, Enercgy in the Develorment Strategy
of the Sahel: Situation - Perspectives = Recommendations,
October 1978.
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In 1973, the seven countries most severely affected by the
drought formed the Permanent Interstate Committee to Fight the
Drought in the Sahel (CILSS).* The purpose of this regional organ-
jzation is to mobilize international financial and technical assis-
tance for achieving the regional objectives of food self sufficiency
and restoring an ecological balance. Working in close coordination
with the national Ministries for Water and Forests of each member
country, the CILSS has sought support from the development commun-
ity for forestry-related projects.

In 1976, as part of an efforuv to raise awareness to the prob-
lems caused by deforestation, the CILSS, with the U,N, Sahelian
0ffice and the FAO, convened a conference in Dakar to examine the
role of forestry in the rehabilitation of the Sahel. At that time,
the shortage of firewood was jdentified as a major problem. Parti-
cipants formulated a Plan of Action, which included the following
elements:

e Production of wood to meet lccal needs for fuel and
construction;

e Management of range (pastuze) resources:
e Conservation efforts to enhance agricultural productivity;
e Protection and mangement of wildlife.

Later that same year, an informal international consortium, -
the Club of the Sahel, was formed to undertake long-term planning
and programming for achieving the regional objectives of food self-
sufficiency and environmental stabilization. As part of this effort,
+he Forestry and Ecology working team was createéd to draft a long-
term forestry program for the Sahel. Team members include repre-
sentatives from the Water and Forest Service of all the CILSS-member
countries, interested donors, and the international development
organizations.** A permanent, full-time staff is based at the CILSS
Secretariat in Ouagadougou, and is reponsible for implementing
the team's decisions.

Within the context of the Forestry and Ecology working team,
problems are identified, priorities established, solutions proposed
and 7 program approved. This program s regional in.the sense .. .
that it addresses problems common to all the member countries.
Howew=z2r, with the exception of a handful of regional activities,
the majority of the proposed solutions will be funded on a bilateral
basis and implemented by the forest services in each country. The

* The seven original members of the CILSS are: Mauritania; Senegal:
Mali; Niger; Chad; Upper Volta: and the Gambia. The Republic
of Cape Verde was granted membership in 1876&.

+*+ ponor countries and in-zernational organizations involved in plan-
ning and implementation of the Forestry/Ecology first generation
program include: U.S.A.; Germany; France; Nczway: the Netherlands;
Switzerland; Belgium; FAO; Worlé Bank; European EconomicC Community;
and, the European Development Fund.
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_ermanent staff in Ouagadougou plays an active role in mobilizing
financial and technical assistance for the program and coordinating
donor efforts.

Planning for the first phase of a long-term program was
completed in June 1977, Admittedly, it only begins to address
the needs identified by the Sahelians the year before. For
example, the projects for wood producticn, in the aggregate,
will yield a total of 236,000 m3 annually by the year 2000. This
is a far cry from projected_urban demand for the same year, projected
to reach about 10 million m3T  See Table 3. However, the work
of the team is dynamic and ongoing. It recently met in Niger (June
1979) to review the progress of the first generation program, and
develop guidelines for the next phase.

Several proposals for conservation and training are now being
considered by the CILSS countries, and if approved, would possibly
merit support from AID. These are briefly described bhelow:

--Introduction of more efficient wood-burning stoves. Accord-
ing to a recent study, an lntensive effort to encourage
the use of improved cookstoves_could, in 5 years, produce
a savings of several million m3 for the entire Sahel. 13/
This project would include an inventory of current cooking
practices; construction and testing of various prototyres;
and the dissemination of the most promising cookstoves
on a large scale. This effort would be undertaken in
close cooperation with local weomen's organizations, manu-
facturers, and research institutes.

--Short-term training in forestrv technigues. A major con-
Strainc to a massive reforestation erfort in the Sahel
1s the shortage of qualified forestry personnel to manage
and implement projects. 1In 1977, there were only 500
forestry technicians in the entire region, whereas in
1980 an estimated 4,370 agents will be needed to implement
the proposed forestry effort. This shortfall in trained
cersonnel 1s due in large part to inadequate training
facilities in the ragion.

Short-term, on-site, hands-on training is viewed as one way

tc quickly increase the numbers of skilled personnel. One proposal
under consideration is to sponsor intensive,—one momth training
courses in forestry techniques for rural extension agents, high
school students, and forestry technicians__/F It is estimated that
140-160 people could be trained annually in this way, and that each
graduate could supervise tree planting activities on 20 hectares
each year. By the year 2000, approximately 3,000 people could be
trained, and assist 1in reforestirng a total of 630,000 hectares.
This represents about one-tenth of projected needs.



Table 3

Sahel West Africa: Impact of First Generation Projects
(for which funding has been obtained)

on Urban Demand for Wood Fuel to the Year 2000

(in 1000 m°/year)

Projected Urban
Demand in the

Expected Production
From First Generation
Projects

Country Year 2000 (already financed) Difference
Chad 1,700 8 - 1,692
Niger 1,200 40 - 1,160
Upper Volta 1,400 98 - 1,302
Mali 1,900 33 - 1,867
Mauritania 600 10 - 590
Senegal 2,900 45 - 2,855
Gambia 120 2 - 118
Cape Verde NA NA NA
TOTAL 9,820 236 - 9,584
Source: J.D. Keita, Elements de Strategie Pour la Satisfaction

des Besoins en Combustibles Ligneux du Sanel , D'ici

L7an 2000, May 1979.
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One major constraint to the implementation of a forestry progran
1in the Sahel is the apparent lack of commitment by the national
governments of the CILSS member countries, The representatives
of the Forest Services are only too aware of the sericusness and
magnitude of deforestation in their respective countries, and
have been trying to obtain the support of their own governments
in attacking this problem. However, the major effort to date has
been concentrated on meeting more immediate needs for food and
water, and forestry has been accorded a lower priority. As a result,
the Water and Forest Service receives only a small share of the
national budget, and in Niger, less than l%. This places severe
limits on planning, programming and project implementation. Be-
cause it has no funds, the Niger Water and Forest Service is con-
stantly struggling "to maintain its credibility within the govern-
ment and vis-a-vis its client public."__/ A related constraint
is the lack of forestry personnel at all levels. 1In the Gambia,
for example, the Conservator of Forests is a Britisher who is
on loan from the British Overseas Develcpment Ministry, and
there is only one Gambian with an advanced forest degree. Ané
in Niger, there are few top level managers and a poorly trained
field staff. Some of these constraints can partially be addressed
by donor-supported projects. However, the meacer operational
budgets do raise some questions about the ability of the countries
to assume recurrent costs and support projects after the donor
spigot has been turned off.

During these past few years, the major emphasis has been on
designing projects and identifying funding souxrces, almost to the
exclusion of long-term planning. In light of the desperateness
of the situation, it has been important to immediately start activ-
ities which begin to address the problem. Hcwever, a greater level
of effort i1s now needed for obtzining more precise informaticn on
the extent of ceforestation arnd Gesertification in the Sahel. No
calculations have yet been made to determine the total area nged-
ing restorative interventions. One approach for obtzining this
information is to include data collection and analysis in project
planning and implementation.

Since the establishment of the international Forestry a;d
Ecology Team, the CILSS has been relatively more successful in
attracting donor support for forestry activities.

As of June 1979, funding for 39% of the $175 million, first genera-
tion program 1ad been secured, and an additional 41% promised.

The ongoing work of the team has helped to raise the consciousness

of Sahelian:z and donors alike to the enormity of the problems
associated with deforestation, and their implications fer achieving
other development goals such as food self-sufficiency. The team

has also provided a forum for cooperation between Sahelians and donors
to 1dentify problems, establish priorities, seek solutions, and
develop long-range plans and pregrams for adcressing the poroblens.
Pegular meetings, both at the technical and policy level, ensure an
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ongoing, continuing effort to address a problem which migh%t other-
wise slip by the wayside as so often in the past. The fulltime
staff, which includes a forester and ecologist, backstops and imple-
ments the conclusions and recommendations of the working team, and
mlays a key role in mobilizing the necessary financing for provosed

activities.

Foreign Assistance Activities

The global experience in community forestry is very limited.
Over the years, AID and other donors have been involved with occa-
sional industrial forestry projects or with soil conservation or
watershed protection projects which include forestry components.
It has only been since the mid-1970s, however, that the importance
of the energy and environmental aspects of forestry have been
widely recognized. The World Bank's Forestry Sector Policy Paper
irsued in 1978 was the first clear policy declaration on the subject
from a major donor agency. The Bank is now supporting a number
of community forestry activities, and estimates thaEB;SO,OOO hec-
tares will be reforested with Bank support by 1980.=" More recent-
ly, the FAO has adopted a similar policy, which is described in a
recent publication entitled "Forestry for Local Community Develop-
ment." Several national donors, most notably Canada, have also
begun to support traditional fuels and community forestry projects
in a number of countries.

Canada, through the International Development Research Centre,
also took the lead in establishing the International Council on
Research in Agroforestry. This agency, headquartered in Nairobi
by former Director of FAO forestry programs Kenneth King, holds
considerable promise for facilitating information flow and research
on improvad tree varieties and cropping technigues.

The world's professional foresters also have only recently
come to widely perceive traditional fuels problems and the need
for community forestry. Until the early 1970s foresters had
been almost exclusively concerned with productive forestry--
industrial materials and watershed protection or wildlife conser-
vation. The World Forestry Congress of 1978, held in a developing
country, Indonesia, with the theme "Forests for People" has clearly
established wood fuels and community forestry and agroforestry
as important forestry concerns, however.

Similarly, until the mid-1970s, energy experts have been
almost entirely preoccupied with conventional energy sources.
It is only with the wane of cheap and plentiful oil supplies
that their attention has been seriously directed towards new and
renewable energy possibilities and then, finally, to traditional
energy sources.
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AID's Past Involvement

The U.S. has not been a leader in the area of traditional fuels
or community forestry. Over the years, some small-scale efforts
have been undertaken by Peace Corps and private voluntary organi-
zations (PVOs). Forestry volunteers have been working in the Sahel
since 1962 on a wide range of activities, including nursery manage-
ment, establishment of village woodlots, planting Acacia albida
in farm fields, and forest management. And several PVOs, notably
CARE, Catholic Relief Service, Church World Service and Africare
have implemented forestry-related projects. More recently, AID
has approved several forestry projects in the Sahel which include
firewood components. See Table 4. The focus is on large-scale
plantations to meet urban needs, village woodlots, and improved
management of existing natural forest reserves. Some conserva-
tion efforts, such as the intrcduction of more efficient woodstoves
and improved charcoal-making techniques, are being proposed within
the context of AID-supported renewable energy projects. In the
aggregate, these efforts only make a small dent in addressing the
problem at hand, and clearly a greater commitment is required.

Recommendations for strengthening and expanding AID's policy
and program in traditional fuels will be presented in the next
section.



Table 4

AID Supported Forestry Projects with Fuelwood Components

Sahel West Africa*

Project

Outputs

Chad Reforestation (CARE)

® 52,500 trees for windbreaks and woodlots
@ 350,000 Acacia albida trees on 3,500 hectares

Sencgal Fuelwood Production

e 3,000 hectares fuelwood plantations

Gambia Forestry

e 1,300 hectares fuelwood plantations
e 50 hectares village woodlots

Upper Volta Forestry
Education and Development

e management and rational exploitation
of existing national forest reserves

Sequencga Integrated
Rural Development (Africare)

@ 150 hectares village woodlots

*Table only includes information on fuelwood components.



V. RECOMMENDATIONS FOR AN AID TRADITIONAL FUELS PROGRAM

Rationale for an AID Traditicnal Fuels Program

Although AID has very limited experience in traditional fuels
problems, or the community/agroforestry expertise needed to cope
with them, there are several reasons for AID to make a serious
program commitment to the subject. First, increasing scarcity
or actual shortages of traditional fuels are reducing the produc-
tivity, health, and welfare of millions of people--especially
the poorest=-—-in many developing countries. This exacerbates exist-
ing inequities in distribution of wealth and power within commua-
ities and between rural and urban areas. Second, overconsumption
of traditional fuels is stressing the environment of many communl-
ties, reducing the quality and guantity of the soil and water re-
sources on which the present and future well-being of development
depend. Third, with the eirimination of petroleum fuels as an
option for rost rural people in the third world, there is an urgent
need to develop alternative fuels with which they can increase
their productivity in a sustainable manner in the future. Biomass
fuels hold particular promise, and thers is a locical evolutionary
path from the reestablishment or improved management of traditional
wood fuel or fuel crop resources to the more advanceé biomass fuel
systems of the future.

Both in the U.S. and the Third World, there is increasing
concern about rural energy shortages ané tropical deforestation.
1f AID is to effectively respord to these problems, it will be
necessary to strengthen andé expand current programs in forestry
and energy. The follewing recormmendaticns are offered as a
balanced set of steps for strengthening AID's traditional fuels
program.

Recommendations

e Establish traditional fuels as a priority program area.
A long-term commitment should be made by AID to the
problem. Support for traditional fuels projects should
be included as a major component of a new AID commit-
ment to community forestry. It should also be defined
in the corntext of AID's incipient energy program.

e Develop American expertise in prcblems of tropical defores~-
tation. Presently, the U.S. has very little expertise,
experience, or capacity to design and implement tradi-
tional energy and community forestrv projects. Returned
Peace Corps volunteers represent the major source of
U. S. talent in tropical forestry. Many of these volun-
teers may have desired to continue with forestry assistance
activities, but until recently there were no opportunities
for doing so. AID should work with Pez2ce Corps to locate
these former volunteers and perhaps survey them for their
subsequent experience ancd interest in future project activ-
i1ties.

[}
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With the exception of the Peace Corps, there are few
possibilities for young American foresters to gain sig-
nificant overseas field experience without jeopardizing
their career prospects in this country. As a result,
there are only a handful of American foresters familiar
with tropical forestry conditions and possessing foreign
language skills available to provide technical assistance.
Since the demand for tropical forestry expertise already
seems to exceed supply, and will grow in the future,

there is an immediate need for young professionals to
receive langquage training and to be given opportunities
to work on projects in the field. This can be done in
several ways: by encouraging and supporting graduate

and post-graduate field researclhi cn traditiconal fuels

and community forestry issues; and by participating

in FAO's associate expert program. The FAO program offers
young professionals the chance to work with tropical
forestry experts in developing countries.

Seek opportunities to cooperate with other international
donors in the community forestry and traditional fuels
areas. This could include increased U.S. support for
relevant programs of the World Bank and UNDP, as well

as the International Council on Research in Agroforestry
(ICRAF) .

Review of all past activities related to forestry or
traditional fuels, for the purpose of drawing upon
the lessons of past efforts and identifying project
participants (expertise).

Strengthen comnunication and flow of information between
AID/W and the field on the subject of traditicnal fuels
and community forestry. Although the missions are
already heavily burdened by existing mandates, tradi-
tional fuels and community forestry are increasingly recog-
nized as a priority by AID £field missions and their host
governments. AID/W presently has very little capacity

to respond to field reguests for technical information

or absorb and utilize data from the field. As a prelim=
inary step, information packets, including several publi-~
caticns such as Eckholm's Planting for the Future and the
World Bank Forestry Sector Paper mignt be sent out to

all missions.

Include traditional fuels components in agriculture,
energy, and rural development projects, wherever appli-
cable. For the first several years, while experience

is being gained and U.S. support capabilities are being
caveloped, AID should concentrate on relatively modest
projects. These would involve comprehensive approaches,
but on a relatively small sczle, limited to a few villages
or a singic regiron of a country. Successful projects

can then be replicated cr revisad ané acdapted for use on

a broader scale.
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Consider providing support for major national or
regional projects on traditional fuels. Haiti has
frequently been cited as a country in which the fire-
wood crisis is already so severe that nothing short
of a major comprehensive assault on the problem

will be successful. In the Sahel, CILSS has outlined
a major integrated program on firewood scarcity

which clearly deserves full U.S. support.

Support efforts by the Peace Corps and private volun-
tary organizations (PVOs) in the traditional fuels

and community forestry program area. A number of

key community forestry and traditional fuels activities
can be accomplished only on a small scale. For example,
the introduction of improved wocd stoves to a regien
may best be conducted by only one or twWwo persons
working with little fanfare with local people over a
period of several years. These are the kinds of skills
that Peace Corps and PVOs specialize in.

Develop a set of initial cuidelines for analysis o=
traditional fuels and comrmunity forestry projects.
Because of the rslatively lonc timespan between project
initiation and results, and because of the high propor-
tion of non-market and social costs and benefits 1in
these kinds of projects, a clear set of project assess-
ment criteria would be useful to prcject designers.

This initial set of guidelines would merit review within
a few years, to be modified as experience is gained.

Provide easy access to data and information generated
by project identification ané review documents. Al-
thougn PIDs and other project documents are usually
available to scholars, experts and the general public
in theory, in practice they are not.

Strengthen project evaluation. Important lessons can

be lezrned from the successes and failures of tradi-

tional fuels and fcorestry projects, and can be applied

o future project planning. A special effort should be

made to insure full evaluation of all AID-supported projects,
and widespread.dissemination of the results.

Expand the Peace Corps village enercy surveys, which
AID 1s already supporting, to include participation
by graduate student and professional social scientists
conducting field work in rural or urkan communities.
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e Examine trends in international charcoal trade with
attention to the impacts of charcoal exports on domes-=
tic fuel supplies for traditional fuel users.

Much of the "knowledge gap" can be £illed only through actual
project activities. Action and data gathering should be integrated.
But this is no excuse for delaying project activities. Tradi-
tional fuels problems are local problems; their nature and
severity may vary markedly within a single country. Until there
are much more data, analysis, and project experience available,
only the broadest generalizations can be made in the diagnosis
of these particular problems in prescribing strategies and
tactics to apply tc specific communities or sets of conmunities.

puring the 1970s, the oil-energy crisis of the rich has
been mirrored by the firewood-energy crisis of the poor. 0il
and firewood problems both are likely to worsen considerably
during the next several decades, and it is clear that if present
trends in use of both oil and woodfuels continve, increasing
numbers of people will face greater economic distress and per-
sonal hardshaip. For both energy crises, the next decacde or so
will be crucial. The problems must be more clearly defined,
tactics and strategies for solutions must be tested, and the
institutional capacity and political will to enact solutions
must be establisned.
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APPEHDIX 1 WOODE L CONSUMITT I, NALTUNAL UATA, 1976

1976 J976 1976 1976 1976
Canmerclal oftictal Wowd fuel wWoodfuel wWood fuel Woodfuet
Country Population Per Capita Lneryy wWoolluel Consuapticn Consumption Consusption as b of
“Tow-Income (45) Mid-1976 GNP 1976 Consumption Consumpt ion Other per caplta per capita Total Energy
(p/sc Gnr < $5100) tmillions) ($) per capita Estimate Lstimates Quantities Energy Value (incl. cosm.
166 {kg of CL} (1000 cub. mtrs ) (cub. mtrs.} {(cub. mtrs.) (kg of CE) energy - %)
Afraica (28) 191
etilcnin 3.2 110 49 2212 0.69 300 86
qtiiurunai 3.9 120 12 869 0.22 95 89
H akaroun, Unit. Rep. 6.5 290 98 6523 1.00 434 A2
« ape Verde 6.3 260 122 7.2 - - na
stcCentral African Bmp. 1.8 210 41 1829 1.01 439 91
etChad 4.1 120 23 32086 0.680 147 94
Cuamor 0s 0.3 180 59 na - - na
gypt 10.1 200 47 115 0.003) 1.3 neq.
sitthiopia 20.6 100 27 23203 0.61 3152 93
e1Gamhiz a 0.5 180 a4 244 0.48 208 73
estCuinea 4.5 150 91 2116 Q.60 260 74
Guinea-DBinsau 0.5 140 58 410 0.86 373 87
_tKenya 1.8 240 152 13170} 0.99 410 74
etlcsot hot 1.1 170 na na - —— na
_Hadagascar 7.2 200 66 5068 0.66 286 80
atalawi 5.1 140 56 N6 0.60 260 a2
etMali 1.3 100 27 2861 2.20 956 97
tHozambique 9.3 170 133 8240 0.68 A2 4
ettiyer 4.7 160 315 2595 0.55 219 a7
et Rwanda 4.4 110 17 070 0.88 3182 96
t+Sierra Leone 3.1 200 112 2500 0.61 52 76
etSomalia 3.2 110 41 3258 1.02 44) 90
etSudan 18.2 290 143 25245 1.19 601 al
e¢*Tanzanla, Unit. Rep. 15.6 160 68 316675 2.35 1021 94
Togo 2.3 260 a5 924 0.40 173 67
stiiganda 11.9 240 48 13600 1.14 496 9}
etlipper Volta 6.2 110 10 3920 0.6) 274 94
Zarre 25.6 140 62 11800 0.46 200 76




continued

1970 1976 1976 1976 1970
Casmercial officsal wWoodfuul Moo fueld Woodfuel Woudfuel
Country vopulation Per Capita Enerqgy Wousifucl Cansusptian Consumption Consuwpt i on as A\ of
“iow-Tncome (45) #1d-1976 GNP 1976 Consumpt 1 on Consuapt lon Other per capita per capita Tatal Energy
{p/c che € $300) {millions) ts) per capita Estimata Estimates Quantities Energy Value (incl. cuom.
(kg of CE) (1000 cuh. mtrs.) (cub. atre.) {(cub. mtre.) (kg of CE) enerqgy -~ \)
Asia (1S) 160
oo_Alu!Lunls(an 19.5 160 o l_ 5919 0.30 110 76
etlangladesh 76.1 110 o 10045 0.11 %6 6)
ellliutan 1.2 70 na _na - - na
Murma 1.2 120 1T a0 19610 0.61 273 85
vindia 620.7 150 “Zin T e 0.19 a) 26
O Indoneusia 1347 240 218 111700 0.83 360 62
tKanpuchica (Cambodia) 8.3 70 16 405% 0.48 200 93
etlao People's Dem. Bep. 1.4 90 ) 61 3041 0.90 - a1
eMaldives 0.1 110 T Toa na - - na
eiticpal 12.9 1260 11 8700 0.67 291 96
sakistan 72.5 170 | in 0743 0.12 52 22
1Sr1 banka 14.0 200 106 a7 0.10 110 5%
Vietnam, Soc. Rep. 46.4 160 _ 124 16300 0.35 152 55
eiYemen, Arab. Rep 6.9 250 -—C:! na - — na
etYumen, People's Hep. 1.2 200 i _ 324 na - - na
tacin America (1) 200
sillarty 4.6 200 24 _ 1410 0.75% 326 92
ocear 1 (43 250
yoluamon Is. 2450 . _-__2_'_)0 [} - - na




cont itnucd

1976 1976 1976 1976 1976
Casmorcial oOofficial Woodfuel Woodfuel Woodfuel Woodfuel
Country Population Per Capita Energy woodfuel Canwusption Consumztjon Consusption as § of
m“e Incame Mig-1976 GNP 1976 Cangumpt i o Consumpt ion Other per capita per capita Total Energy
(p/c GNP $300-5699) {millions) {s) per caplta Estimate Eatimates Quantities Energy Valus {incl. cosm.
479 {kg of CE) (1000 cub. atra.) {(cub. mtre.) {(cub. mtrs.) (kg of CE) energy - §)
Afraca (17) 444
A!lll()_l . 6.4 310 166 ‘I—L‘lrl 1.06 461 74
shint .wana® 0.2 410 na 104 1.0} 419 na
Congo, beople's Rep. 1.4 520 142 nwii 1.30 565 80
tequat oz 1al Guinea 0.3 130 94 192 1.11 570 a6
thana 10.1 580 157 10529 1.04 452 74
11vory Coast 6.8 610 140 5014 G.74 322 46
Liberia 1.6 450 410 1750 1 09 474 53
tHauritania 1.3 140 YY) 526 0.40 174 6)
Maul 1t 1us 0.9 6RO 405 22 0.02 a 2
Morocco 17.9 540 271 2706 0.15 .65 19
Q Nigeria 647 80 a4 64265 0.99 430 a2
Rhundesra 6.5 550 6134 5400 0.813 360 16
Lan Tume & P'rancipe 0.1 499 1319 na - - na
tuseneqal 4.5 390 156 2759 0 61 265 6
Seychel les 580 570 na - - na
swaziland® 0.5 470 na 450 0.90 391 na
Zambta 5.1 440 40 S1iH1 1.02 443 45




continuc d

1976 1976 1976 1976 1976
Cammercial official Woodfusl Woodfual Woodfuel woodfuel
countsy Population Per Capita Energy Woodfuel Consusptian Conausption Consumption as ¢ of
adle 1 Hid-1976 GHP 1976 Consumption Consuapt fon Other per capita per capita Total Energy
lnwer:m ,go nz:;: {=illions) (s) per capita Edtimate Estimates Quantitiss Energy Valus ({incl. cosm.
(p/c Ghb 3 3 429 (kg of CE) (1000 cub. mtrs.) {cub. mtrs.) (cub. mirs.} (kg of CE) anergy = S)
Assa (0) 119
China,_Feople’s Rep 1160 410 B 6 142000 0117 7} 0.4 _
Youshann 2.0 610 __:1_2_'! ~ o3 0nesy netyg. ey .
horea, People's Rep. 16.1 470 w2 40 _0.28 121 0.1}
Ko Rep . 34.0 670 R 1020 A KL B 0.21 91 B
rh ppanes 44.0 410 ) 129 JURE T S 0.4%2 226 .4
Thailaml 41.) 10 __ TR 0.17 160 14
latin America (14) n46
e bavzee _ . (U b0 b LR R _
Bolivaa 5.8 1) nu o 0.60 260 45
tolurbiae 21.0 630 _ 6ns 20110 . _ﬂ.__‘.!] 404 37
6.9 -lv‘l(l 4_‘)'- o ___!:M(I - 0.28 121 20
4.2 N ____4__‘]_0 2061 ~ 2856 0.648 295 51
0.1 420 211 [ -— - na
5.7 60 291 00 L 0.90 19 60
thuyans o8 540 1072 W 0.02 8 neqg.
tlonduras 2.8 190 2064 0oy q_r.on 466 64
Parayuay _ 2.6 610 _ [T S 1)) 1 1.22 510 74
SL__hucia 0.1 SO0 Wwe Y o R — na
Occanla (3) 419
Papua Hew Gainea 2.1 490 1. 1 ain — 1.74 T56 60
Tomga 0.1 _l.!_u 10 PR I - - §a
eiHest LI Hanoa 0.2 3150 160 L 0} 130 45
turope (1) %40
AMbama 1} 2.5 444 1Y) [THT T _0.04 21 T
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1976 1976 1976 1976 1976
Canmercial Oofficial Woodfuel wWoodfuel Woodfuel woodfuel
Countey Population Per Capita Energy Wood fuel Canwusption Consumption Consusption as 8 of
—lmlle-lncxm M1d-1976 GNP 1976 Conwusption Cangumpt ion Other per capita per capita Total Energy
(38) (p/c GNP smu_sl'q.,g,(-llllonu) ($) per capita Estimate Eatimates Quantities Energy Valus (incl. coss.
1215 (kg of CE) (1000 cub. mtrs.) (cub. mtrs.) {cub. mtrse.) (kg of CE) energy - \)
Atrica (6) 1161
O Alyeria 17.3 990 129 1218 0 07 10 4
fH)ibouta 1940 721 na -- -- na
Hamibia ¢ 90 na na - - na
Ruunion 0.5 1920 64 1] 0.06 26 4
South_Africa® 25.6 1340 2905 1000 0.139 170 S
‘Tunisla 5.9 840 456 1768 0.30 130 22
Adi1a (U) 1390
Tian 34.1 1910 1490 1997 0.05 21 1.3
Iraq 11.4 1390 127 15 ner. neq. neg.
1 banon 2.7 1070 511 60 0.02 9 1.6
Harcao 0.3 700 Jut na - - na
Malaysia 12.4 860 s70*" 5613 0.45 195 25
Mongolia 1.5 0860 1166 1350 0.90 391 25
Syrian_Arab Rep. 7.6 780 144 50 0.01 4 neq.
Tajwan (ROC) 16.1 1070 na na - -- na
latin America (16} 1126
Argent ina 25.1 1550 1404 1427 0.13 56 i)
Has badog 0.2 15%0 ___274 "a - - na
Brazil 110.2 1140 731 112890 1.02 443 1]
Chile 10.0 1050 9n? 3500 0.32 139 14
Costa Rica 2.0 1040 418 2254 1.1) 491 50
Cuba 9.4 860 1225 1500 0.16 69 5
Domisican Rep. 4.8 40 681 1217 0.16 156 19
Guade loupe 0.4 1500 €05 15 0.38 165 19
1




cont inued

1976 1976 1976 1976 1976
Cammercial Oofficial Woodfuel Woodfuel Soodfuesl Socodfusl

Country Population Per Capita Energy Woadfual Cansusptin Consumption Consusption as 8 of
High Lo ome (18) Nid-1976 GHP 1976 Caonsumption Consumption Other per capita per capita Totsl Ensrgy
(p/c GHP > $2,000) (mi)lions) s) prer caplita Estimate Estimates (Quantities Energy Value (incl. cusm.
! = v 1,101.0 4976 (kg of Ct) (1000 cub. mtrs.) {cub. mtra.) (cub. mtrs.) (kg of CE) enexgy ~ )
Africa (2) 30 S146

0 Gabon 0.5 2490 _127 1166 2.3 1011 44

O Libya 2.5 6310 1549 504 0.20 86 5
Asta (11) 19.2
!l;n!:rgLu_ 0.2 __:,4!9._._ L _!!‘l’)!i__ (1) - - na
Drunci 0.2 6100 14200 7 - —- na
lHong  Kowg 4.4 2110 1133 na - == na
Taracl 3.5 1920 2541 11 neq. neqg. neg.

0O Kuwaat 1.1 15480 R 9190 [ - - na
Oman 0.8 2640 _____ &% 1 . - - na

O Qatar 0.1 11400 24216 na - -— na

1 Saudl Arabia 6.4 4400 1901 o - - na
Singapora _ 2.1 2700 2202 sa - - nda
tnited Arab Emirates 0.2 139490 13322 1hed - -- na
Latin America (5) 7.1 2528
bahamas 0.2 3310 12806 L - - na
Hurt inique 0.3 2350 au4 10 0.0} _ 11 1
Trinidad ¢ Tobago 1.1 2240 | a2z 0 0.01 4 neq.

b vesczucla 12.1) 2510 200 145 0.58 252 ]

faqgend
¢t Conuldered by the U.H. to be one ol the 45 countricn "most seriously affected® by recent adverse

econvmic caulifrons.

e Considercd by the N, 16 bd one of the 20 “loast Jdovoeloped countries.”

Member ot the rgaantzat son o Pettolews Fxpaat g Count 13,



oppendix 1

Hotes

Lesotho, Namibia and Swaziland are members of the Customs Unfon of South Africa. WNo data is available

* Botswana,
The data for South Africa represents the total figure for all five countries.

for these i1ndividual countries.

sspeninsular Halaysia oanly.

Sources

population, 1976, fram John W. Sewcll aml the Staff of the Overseas Develojment Council, The United States and World
Bevelopment, Agenda 1977, New York, 1977, Annex A-} -

Per capita GNP, 1976, from Martin M. M laughlin and the Staff of the Overseas Develaopment Council, The United States
and World bLievelopment, Agenda 1979, New York, 1579, Runex A-4.

Comacrcial cnergy consumption, per capita, 1976, from inited Natians, ECOSOC, Statistical Office, World FEnerqy
Supplics, 1972-1976, Series J, No. 21, New Yoark, 1974, lable 2.

woodfuel consumption estimate from, tnited Natfons, FAO, 1977 Yearbook of Forest Products, 1966-1976, FAO Forestry
Statistics Series, lome, 1979, "Production of Fuelwood and Charcoal®. Note: Woodfuel production is assumed
Lo approximatae consumption 1n these statistics.

Woodfuel consumption per capita by encrqy value calculated on the basis of: 2.3 cubic meters equal | metric
ton of coal equivalent.



APPENDIX 2: CHARCOAL TRADE IN DEVELOPING COUNTRIES

1266 and 1976

Ll

IMPORTS

=APCITS

NET EXPORTS

lLow=-Income (45)
(p/c GNP € $300)

1000
cub, mtrs.

1000

cub. mtrs.

1000 §

1000
cub. mtrs. 1000 §

Country

1966 1976

1966 1976 1966 1976

1966 1976 1966 197€

Africa (28)

e+Benin

e+Burundi

+Camergon, Unit. Rep.

+Cape Verde

e+Central African Emp.

e+Chad

Comoros

+Egypt

e+Ethiopia

e+Gambia

e+Guinea

+Guinea-Blssau

+Kenya

e+Lesotho

+Madagascar

eMalawi

e+Mala

+Mozambigue

e+Niger

e+Pwanda

+Sierra Leone

e+Somalia

e+Sudan

e+Tanzania, Unit. Rep.

Toae>

e+Ucanda

e+Uroer Volta

Zaire

Asia (15)

e+Afahanistan

e+Banglacdesn

Bhutan

+8urma

+India

Indonesia

+Xampuchea {(Cambodia)

t O]

e+Lao Peopnle's Dem.

Pen.

® Maldives

e+Neral

+Pak i1stan

+Sr1 Lanka

Vit -nam, So¢. Reo.

}-
1 jwijl
]

e+Yer n, Aras. RepD.

e+Yennan, People's Pep.

na -




continued

1966 and 1976

IMPORTS

EXFORTS

NET EXPORTS

Low=Income (45)
(p/c GNP $300)

1000
cub. mtrs.

1000
cub. mtrs. 1000 $

1000
cub. mtrs. 1000 §

Country

1966 1976

1966 1976 1966 13976

1966 1976 1966 1976

tatin America (1)

rwHalti

Oceania (1)

Solanaon Is.

Lower Middle-Incame 3B

(p/c GNP _$300-699)

Africa (17)

angola

oB ctswana

Ccongo, Feople's Rep.

Ecuatcrial Guinea

+Ghana

+Ivcery Coast

Liberaia

+Mapraitania

MauriZi.S

Y crocco

J Niceria

Rhocdesia

Sao Tame & Principe

+Senegal

Seychelles

Swaziland

Zambla

Asia (9)

China, Feople's Rer.

Jordan

Korea, People's Rep.

Korea, Rep.

Philipoines

Thailand




continued

1966 and 1976

IMPORTS

EX?ORTS

NET EXPORTS

1000

cuh., mtrs.

1000

cub. mtrs. 1000 §

1000

cub., mtrs. 1000 §

Countzy

1966 1976

1956 1576 1966 1976 |

Upper Middle-Incame,
continued

Asia (8)

Iran

1566 1976 1366 1976

Irag

Lebanon

Macao

Malaysia

Mongolia

1 [l o)

tljl JOLt W
]
]
]

Syrian Arab Rep.

._.IO\C
s

o
it
[}

Taiwan (RCC)

Latin America (18)

ATwentina

Barbados

Brazil

Chile

(R N

Costa Rica

Cuka

Dominican RXep.

Guadeloupe

Jara.ca

Mexico

]

]

wnjur
[ B L K

Netherlanés Antilles

Nicaracua

Panama

Pery

Surinan

Lracuay

Oceania (2)

Fi=1

Pacific Is. Trust Terrd

Europe (6)

cvorus

Maita

gg—cucal

wl
[]

347

E_-\a.".'.a

tIfds

[
(VS } V3]

20 1

[

]
0
(9]
o

123¢

™kKev

]
i (Wi

Yiioslavia

~ijs1 jo

ol
'-l
w
wm
N
w
w
om
Y]

t
i1 1O]1

rna




continued

1966 and 1976

IMPORTS

EXZORTS

NZT EXPORTS

1000
cub, mtrs.

1000
cub. mtrs, 1000 ¢

1000
cub.

mtrs. 1000 S

Eountry

1966 1978

1966 1976 1966 1976

1266 1976

1966 1976

Lower Middle-Incame,
continued

latin Ameraca (1ll)

Belize

Folaiv:ia

Colembia

! Ecuador

+£]1 Salvacder

Grenada

+Guatemala

+5evara

+Horduaras

Farazua-,

€t. Lucia

Oceania (3)

Papua New Guinea

Tonaga

-western Samoa

Eurcze (1)

Albania

Usper Middle~Inzome 38

{c/c GNP £700-1,988)

MNraica (6)

Algaria

Diibousa

Namibia

Reunicn

Scuth Afraica

3& 48

Turisia

- 124 -

NI




continued

1956 and 1576

IMPORTS

EXPORTS

NET EXPCRTS

liagh=Income (48)
Ao/ GUE - S2.009

1000

cud, mtrs.

1000
cub. m=trs, 1000 §

1000
cub. mers. 1000 $

Country

1966 1976

1966 1976 1966 1976

1966 197€ 1966 1976

Asia (1°9)

Bahra:n

2runey

Henge Ker=

Israel

-
[ ) A

) Kowast

[
(]

Can

1IO] tjujwlg
—
(W}
1

(R ISIEE LY R

t ol |Joj

LN iol
]
]

1 Jazar

Jfausy Ararcia

Sinzaopore

1 Iwoinro] e

S€ 405

o
[ IPI N}

Un:ted Arak Imiraves

La=in America (5)

Baramras

vartinicue

Trainicaé § Tokace

Venezuela

wecend
emsumiyt——

+ Considered by tne U.N. to be one of the 45 countries "most serisusly
affected” by racent adverse economic conditions.

e Considered by the U.X. to be one ¢f the 28 "leas:t develcpel

countries”.

O Member of tne Organization of Petrcleun Exporting Countries.

llote:

Source:

TAO Forestry Statiscics, Rome 1973, “Imports cof Caarcoal", EZxrorts

Net Exports derived from import and export data 1in Appendix 2.

United Nations, TAO, 1377 Yearbook of Foresery Producz=s, 19266-197s§,

of Charz~al", by guantity and value, pp. 1922-3.
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Wwasnington, D.C.: Governmentc Princing Qfilca. Forthcoming.

Dale, T. and V. Carter. 1974. Topsoil and Civilization. Rev.
ed. Norman University cf Oklahoma TTess. oOricinally published
1955.

Du Bois, Victor D. 1974. The Drought in West Africa. American
Universities Field Staff.” West Aarrican Seriss, VolL. XV, No. 1.

Eckholm, Erik P. 1976. Lesing Ground: Eavironmental Stress
and World Fooé Prospects. New Yorkx: wW. wW. Noxrton & Co.

Includes chapters and extensive references on "A History
of Deforestation" and " The Other Energy Crisis: Firewood."

Food and Agriculture Organization, Forest Resources Division.
1975. Environmental Ob-ectives in Forest Land Management.
Rome: Fa0. JulYy.

Forests help provide pure air and water, more beautiful
surroundings, and protection for wildlife. Unfortunately,
these benefits are daifficult to guantify, and we must often
use "intuitive economics” toO determine their value. To
take adequate account of envirormental aspects of forest
activities, we should rely more on rmulcidisciplinary

planning teams, environmental impact analyses, and greater
public irvolvement in the project cesign process.



Frimigacci, M. Bucket. 1977. "Ecologie et gZnvircanemant au Sahel.,"
Ouagadougou, Upper Veclta: Comite Permanent Interetats de
Lutte Contre La Secheresse Dans le Sahel.

Glantz, Michael H. (ed.). 1977. Desertification: Envaironmental
Degradation In and Around Desert lLands. Boulder, Colorado:
Westview Press.

Haiti: A Study in Environmental Des.ruction. Conservation Founda-
tion Letter. wWashington, D. C., November 1977.

National Academy of Sciences. 1977b. Resource Sensing From
Space: Prospects for Developing Countries. Washington,
D. C.: NAS.

Describes available and projected systems for remote sensing
of crop yields, erosion, alterations in land use, and other
environmental changes. Outlines uses already made of satel-
lite data for studying earth resources.

Rapp, Anders. 1974. A Review of Desertization in Africa -
Water, Vegetation, and Man. SIES Report No. l. Stockholm:
Secretariat for International Ecology.

Stanford, Geoffrey. 1979. "World Hunger." Comments prepared
for the Presidential Commissiorn on World Hunger. Cedar Hill,
Texas: The Greenhills Foundation. February 19.

Thompson, James Z. 1977. "Ecological Deterioration: Local-
Level Rule-Making and Enforcement Problems in Niger," in
Desertification:Environmental Decradation In and Around
Desert Lands. Boulder, colorado: Westview Press.

United States, Agency for Interrational Development. 1979.
Environmental and Natural Resource Management in Developing
Countries. A Report to Congress. Washington, D.C.: Agency
for iInternational Development. February.

C.2 Forestry in Developing Countries

Adevoju, S. Kolade. 1976. "Land Use and Tenure in the Tropics."
In Unasylva, Vol. 28, Nos. 1l1l2-113.

As forest activities in Africa grow beyond the traditional
preoccupation with timber production, new approaches to
ownership and use of land will be regquired. Problems in-
evitably will arise in trying to reconcile traditional forms
0f land tenure wilith national economic cbjectives. The
technical background of most foresters is of little help

11 dealing with suach issues. Forestry services need better
communication with local groups in order both to explain

new policies ané to understand exiszing land use pat-
terns.



Adeyoju, S. Kolade. 1975. "Where Foraest Resarves Improv
Agriculture." In CUnasylva, Vel. 27, tic. 11l0.

Creation of forest reserves is of=en assumed to conflict
with interests of local farmers and herders. By aliowin

for multiple uses of forest land, these difficulties can

be minimized. The Nigerian forest service, Ior example,

1s experimenting with a taungya (intercropping) system;

and land in savanna reserves has been set aside for grazing.
Even where farmers are made to settle outside forest

areas, their need to use available land more effectively
may lead to improved agricultural practices.

Auchter, Richard J. 1976. AID Annual Report. PASA TA(AG)03-75.
Madison, Wisconsin: U.S. Forest Procucts Laboratory. January.

Bene, J. G., H. W. Beall, and A. Cote. 1977. Trees, Food and
People: Land Management in the Tropiss. Ottawa: International
Development Researca Cantre.

Benge, M. D. and H. Curran. 1976. BAYANI (Giant Ipil-ipil,
Leucaena lesucocephala): A Source of Fertilizer, Feed and
Eneragy for the Philippines. USAID Agriculture Development
Series. Manila: Un-.tad States Agency for International
Development,

Notes that in proper soil and climate, Bayani can grow
as much as 20 meters in s1X years. Bayani can be used
for food, alcohol, lumber and fertilizer a2s well as Zuel.

Catinot, R. 19274. "Contribution du Zorestier a la lutke
contre la desertification en zones seches." 1In Bois et

Forets des Tropigues. May-June.

Chudnoff, Marcin. 1973. Development of the Tropical Wecd
Resources. Washing=on, D.C.: AID Ofifice of Science aac

Technology. November.

Reviews available literature on tropical flora, primary
tree species, rounéwood removals, and otier information
relevant to commercial use of forest resources in such
countries as Nigeriaz and Gabon. Of particular concern
is the absence of data which might lead to greater
exploirtation of secondary species.

Cliff, Eéward P. 1973. Utilization of Tropical Forests:
Review of the Forestry Literature in the AID Rerarence
Center. Washington, D.C.: AID Technical Assistance 3ureau.

November.

Reviews 135 publications covering forastry 1lssues 1n 43
countries. The dominan: concern 1s to accelerate cormer-
ci1al use of trees, especially seccadary spec:ies for which
only Jimited markets now exist. Erphasis is on improved
research, polic:es and practices c¢n the part oI cantral
governments and major privata conceras. Only nine reporcs
deal with such i1ssuss as "ex=ension and public education,
including assistance to Zarm Zorestry and small owners."
Firewood 1s not mentioned.



Donaldson, Graham. 1978. Forestry: Sector Policy Paper.
washington, D.C.: World Bank. February.

Douglas, J. Sholto and Robert A. de J. Hart. 1976. Forest
Farming. London: Watkins.

A general introduction to forest farming, including farm
design, planting and cropping, choice of trees, and promis-
ing geographical areas for expansion. “First and foremost,"
tree farming offers possibilities for food production:

nuts, fruits, oils, livestock fodder. Production of timber
and environmental considerations ara also important. Fire-
wood is not mentioned.

Draper, S. A. et al. 1976. Forestry Sub-Sector Report.
Washington, D. C.: World Bank.

Draper, S. A. 1977. Wood Processing and Utilization at Village
Level. Third FAO/SIDA Expert Consultation on Forestry for
Tocal Community Development.

Eckholm, Erik P. 1979. Planting for the Future: Forestry fcr
Buman Needs. Worldwatch Paper 26. Washington, D.C.: Worlc-
watch Insticute.

Felker, Peter. 1978. State of the Art: Acacia albida as a
Complementary Permanent Intzrcrop with Annual Crops. Prepared
under contract for USAID. Rivers.de, california: Department
of Soil and Environmental Sciences, University of Californiz,
Riverside. April.

Fox, Gordon D. 1972. Forestry in Developing Countries:
Potentials, Constraints and Opportunities (Preliminary Sur-
vey). Washington, D. C.  AID Technical Assistance Bureau.

Concentrates on commercial uses of timber. Major sections
cover problems and solutions with respect to institutional
and legal issues, transportation, in“ormation and research,
and forest industries.

Fox, Gordon D. 1973. Technological Opportunities for Tropical

Forestry pevelopment. washlington, D.C.: AID Ozfice o:Z
Science and Technology.

To promote industrial exploitation of wood products, reviews
the potential of such technologies as aerial spraying,
computerized sawing of logs, kraft pulping, radio communi-
cations, and portable lasers for cadastral surveys.

Freas, Alan D. et al. 1973, Factors Influencing the Utili-
zation of Tropical Wood Species. Wasnington, D.C.: AID
Dffice oOf Science and 1ecnnology. November.

considers factors inhibiting use of secondary tree
species for industrial purposes.



Mackic, Cynthia (ed.). 1978. NRDC Tropical Moist Forests
Conservation Bulletin (Number l). Wasningtcn, D.C.:
Natural Resources Defense Council. May.

Describes major znstituticus daud programs working on
protection and use of tropical moist forests. Includes
both public and private groups, in the U.S. and abroad.

McComb, A. L. and J. K. Jackson. 1969. "The Role of Tree
Plantations in Savanna Development." In Unasylva, vol.
23(3), No. 94.

Concen~rates on technical and economic aspects of tree
plantations in Nigeria. Since trees grown in this way
could be used for industrial purposes, most fuelwood would
continue to be supplied from existing savanna woodlands.

National Academy of Sciences. 1977a. Leucaena: Promising
Forage and Tree Crop for the Tropics. washington, D.C.: NAS.

Leucaena grows well in semi-arid and savanna regions, 2s
well as in more humid lowlands. It coppices readily and
can be harvested for fireweod in cycles as short as 3-10
years. In addition, leucaena can be ussd Zor timber,
tertilizer, and forage.

vaticnal Academy oI Sciernces. 1979. Trorical Legumes:
Rescurces f~r the Future. Washiagten, D.C.: NAS.
) }

pPersson, R. 1974. Forest Resources o alrica. stockholm:
Royal College of Forestry.

Persson, R. 1974. Worls forest Pasourzes. Stockholm:
Roval Collece oI Forestry.

Sartorius, Peter and Hans Heale. 1968, ~forestry and Eeoncaic
Development. New York: Praeger.

givaraman, B. 1977. "Eorestry for Communitv Development (Vil
lage Forestry)." Paper prepared fTor tne second FAO/SIDA
Expert Consultation on Forestry Zor Community Development,
Rome, June 21-22, 1877.

Sommer, A. 1976. “"Attempt at an Assessment of the World's
Tropical Forests." 1In Unasylva, Vol. 28, Nos. 112-11l3, ppP.
5-25.

Soears, John S. 1978. “The Changing Emphasis in World Bank
Forestry Lending. A Summary of Recent Experieaces and Prokler
Areas of Relevance to the Eighth World Forestirvy Congress
Sessions Concerned with "Forestrvy for Rural Corvnunities."” Pre
santed at the Eigath World Forestry Congress, Jakarta, Incdon-
esia. Octcker.

zatilnh.

I~

United Nations, Education, §ec-enzific andé Cultural Crgan
19783. Tropical Fcorest IZCCSYSTenS: A State 2%
Xncwledce Report. MNatural Rescurces Research XIV. Par:
UNRECD, ONEP, TA0,
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United Nations, Food and Agriculture Organization. 197€.
Forestry for Local Community Development. Forestry Paper

No. 7. Rome: FAO.

uUrited Nations, Food and Agriculture Organization. "Wood:
World Trends and Prospects.” In Unasylva, vol., 20.

Vietmeyer, Noel. 1978. "Tree Legumes: Shock Troops for
the War on Deforestation.” September 8.

Westoby, J. C. 1963. "Tne Role of Forest Industries in the
Attack on Economic Underdevelopment." In Unasxlva, vol. 16,
pp. 168-201.

Cc.3 Forests and Wood Fuels (General)

Arnold, J.E.M. 1978. "Wood Energy and Rural Communities.”
Paper presented at the Eighth World Forestry Congress.
Jakarta, Indonesia, October 16-28, 1978.

Arnold, J.E.M. 1976. "Wood for Energy." Rome: FAO.
Mimeographed.

Arnold, J. and J. Jongma. 1977. Wood as a Source of Energy in
Developing Countries (preprint). Rome: FAOQ.

Bethel, J.S. 1977. Wood for Fuel in a Tropical Forest Utili-
zation System. Research Reports Contribution No. 29. Seattle:
University of Washington, Institute of Forest Products. octo-
ber.

Earl, Derek E. 1975b. "2 Renewable Source of fuel.” 1In
Unasvlve, Vol. 27, No. 110.

An azverage hectare of tropical forest can be ccnverted

to 85 tons of fuelwood or 10-20 tons of charcoal. System-
atic management of only 10 percent of their tropical
forestry could produce enough fuel for African countries

to sustain 5 percent annual growth 1n total energy consump=
:ion for more than 20 years. In addition, forest programs
provide income and a sense of self-reliance in needy rural
areas. A major barrier to such programs has been the atti-
tude that use of fuelwood is "primitive" and to be dis-
couraged, but this attitude is changing as other energy
sources become scarce.

Earl, Derek E. 1975a. Forest Energv and Economic Develooment.
Oxford: Clarendon Press.

Growing populations in developing countries will use greater
amounts of fuelwood for cooking and heating. With urbani-
zation, more of this wood will first be converted to
charcoal, further increasing the rressure on forests. In
addition, charcoal or methyl alcohol from wood will find

a wider range of industrial applicacions as foss1il fuels crow
scarce. Fortunately, "the forests of the world are physic-
ally capable of sustaining supplies of fuel well above the
basic energy needs of man," althouch expansion and sound

use of these supplies vill reguire governments <o develop
active forest energy polices. Notes the éifficulty



of using official statistics for policy-makaing, since
these systematically understate forest use and do not
reflect the wide variations in £fuelwood consumption
that often prevail in different regions or villages.
In evaluating use of fuelwood vs. fossil fuels, the
introduction of social (*shadow”) prices for labor and
foreign exchange will tend to increase the relative
attractiveness of fuelwood projects.

Eckholm, Erik P. 1978. “Firewood: The Poor Man's Burden."”
1n International Wildlife. May=-June.

Notes the success of rural forestry schemes 1n China

and South Rorea. In both countries, strong local insti-
tutions have allowed extensive popular participation in
project planning and implementacion.

Eckholm, Erik P. 1975. The Other Enercv Crisis: Firewood.
Worldwatch Paper 1. Wwashington, D.C.: Woriawatcn Iasti-
tute. September.

Firewood supplies are being rapidly depleted in much of

the Third World. This ijs a dir.ct threat to the poor,
since nine-tenths of the peovle in most of these countries
depend on firewood for fuel. 1In addicion, the accelerating
degradation of woodlands leads to soil erosiom, flooding,
desertification, and declining soil fortility. These
problems are futher accentuated as people turm from wocd

to dung for fuel, robbing farmlands of the nutriants that
dung has craditionally supplied. Massive tree-zlanting
srojects are called for, aleng with research into alter-
native energy sources such as solar cookers oI biogas plants.

Food and Agriculture Organization. 1976a. Wood for Energv.
Rome: FAO.

Openshaw, Keith. 1976. Woodfuel-=A Time Sor Reasgsessment.
{Stencil No. 300.) Morogore, Tanzanla: gniversity ox
Dar-es-Salaam. September.

Higher petroleunm prices may contribute to increasedé use

of fuelwood and charcoal. For household uses alone,

demand for wood in developiny countries may grow by 1.5-2.0
percent annually. In order for governments to plaa the
fuelwood plantations and village wocdlots required to

meet rising demand, wood consumption and resource SuIveys

are needed. With respect to charcoal production, Open=-

shaw nctes that both overall costs and wood reguirenents

per ton can be reduced by as much as 50 percent by using
manufacturad kilns in place of traditional convarsion methods



Openshaw, Keith. 1977. "soodfuel - A Time for Reassessment.”

In East African Journal. January.

Openshaw, Keith. 1978. "Woodfuel - A Time for Reassessment.”

In Natural Resources Forum.

Openshaw, Keith. 1974. "Wood Fuels the Developing world." 1In

New Scientist. January 31.

sanger, Clyde. 1977. ees for Pecole: AN Account of the

Tr
Forestry Research Programs Supported by the Tnternational
Development Xesearch centre. Ottawa: Tnternational Development

Research Center.

Discusses a series of IDRC fuelwood orojects. including
establishment of village woodlots in Niger, species

and yield trials for irrigated forest plantations 1n
Mali, and afforestation of marginal lands in Kenya.

The IDRC 1s also supporting a three-member forestry team,
vased in Nairob., to serve a number of African countries.
Among other tasks, this team will supervise preparation
of state-of-the-art papers covering forestry research

in Africa.

Spears, John S. 1978. "wood as an Eneray cource: The Situa-

tion in the Developing World." Presented at the 103rd Annuil
Meeting of the American ForestIy Association. washington,
pD.C.: World Bank. October.

United Nations. LconomlicC Commission on Asia andé the racafzxrc.

1976. "wWood as a Source of Snergy." Second Africa Meeting
on Energy. March 1, 1976.

c.4 Forests and Wocd Fuels (Regional studies)

a. Sahel

Canadian International Development Agency. 1974. "Study

Mission on Forest Enersy irn the Sahel and West Africa."
October 2 - December 17, 1974.

Cilub du Sahel. 1977. Summary Record of Club du Sahel/CILSS

Meeting on Ecologv and Reforestation Paris, 12-13 October,
1977 . November.

As of October 1977, the proposed CILSS reforestation program
included 77 national and seven regional projects, calling
for $146 million in external assistance for such activities
as dune stabilization, village plantation, land use p.an-
ning, tree nurseries, research and training. 1In line with
the program's cverall objectives, & nunber of these projects
made specific crovisicn for fuelwood production. Sveci-

f1c commitments and potential activities of various donors
are reviewed.



Comite Permanent Interstats de Lutte Conctre la Secheresse

dans le Sahel. 1976. CILSS/UNSO/FAQ Consultation on the

Role of Forestrv in a Renapilitation Progra—me tor the Ssahel.
Final Report. guagadougou: Comite Permanent Interetats

de Lutte Contre la Secheresse dans le Sahel.

Comite Permanent Interetats de Lutte Contre la Secheresse
dans le Sahel. Eguipe Ecologie et Environnement. 1977.
Note ée Svnthese Ssur la Strategie Forestiere au Sahel. April.

Comite Permanent Interetats de Lutte Contre la Secheresse
dans le Sahel. Egqulipe Ecologie~-Forets. 1979. Bilan
Analvticue des Resultats des E<forts cde Recherche de

p—

Financement Entrecris 3ans le cacre cu Progranme de Premiere
Gereration et Consequences & €n Tirer oour le Nouveau Pro-
grarme. Prepared for the meeting o the tcology=-Forestry

Working Team, Niamey, June 25-29, 1979.

Delwaulle, 7.Cc. 1973. npesertification de l'Afrigue au
Sud éu Sahara." In Bois o+ Torets des Trcdigies. May=-June.

Delwaulle, J.C. 1976. Le 20le de la Forestiers
Lutt-e Contre la Desertificaction. CILSS consult

dougou. cril.

Keita, J.D. 1979. Elements de Stratsgie Four 1a Satisfaction
des Besolns en Comoustazles LicneuxX G canel d'Ict 1'an 200n.
Com-te Permansant Interatcats cés2 Luste Con=r2 1a Sacneresse
éans le Sahel. X2V.

9~9. L'anmelicra-

Ki-Zerbo, Jacgueline ané Guido de receleairs.
tion des Fovers Pour r1ueilisation Domestis
Ses possibilites et son Imnact;g&fﬁahel. 2

a
request of the Com.te Sermanenc interetats éda Lutte Contr
l1a Secheresse dans le Sahel. May.

Ulinski, Carol. 1978. U.S. Forestry ané Ecologyv Procran in
the Sahel. Prepared uraer contract for (SALID. WNASAlngTon,
D.C. October 31.

ynited Nations. Fnvironment Prograal. 1976. Consultancy on
Firewood and Substitutss in the Sanelian zore aaé Nerzh
Africa. Report. Nairopbi: UNEP.

Weber, Fred R. 19775. Economic_and Tcolocic Criteria: Preposec
Club des Amis du sahel Forestrv/Antl-Desartlchatlon Progran.
Report for SID/ A R/Sewa. May.

gackground mater:al for considering forestIy programs 1in
the Sanel, including areas of createst zuelwood need,

local prices for wood and chazcoal, costs cf forzest glan-
tations, speciiic oroblems o various climate zones, and



criteria for project evaluation. XNotes that tree projects
normally cost $565-72% per hectare for planting and maintenance
through the first year. When care 1in lzter vears 1s in-
cluded, along with cutting and stacking of wood, the total
cost of firewood from these projects 1s about $10 per ton
versus average current prices "at source" of about $6 per
ton. While such plantations are of high priority in
southern areas of the Sahel, northern zones have greater
need for projects to protect existing vegetative cover.
Unfortunately for all these efforts, no Sahelian country
yet has an effective forest management program. In
defining and mobilizing support for forestry programs,

a first need is for good communication among managers,
technicians, and bureaucrats (sahelian and foreign), as
well as local farmers and hercers.

Weber, Fred R. 1977a. Reforestation in Arid Lands. Mt. Ranier,
Maryland (VITA) and Washington, D.C. (ACTION/Peace Corps).

practical guidance for carrying out local reforestation
projects, with emphasis on conditions in West Africa.
Covers general 1ssues 1n project planning, as well as
specifics of selecting tree species (in line with
environmental constraints, purposes of the project, anéd
human factors); choosing among planting technigues (direct

seedings, cuttings, nurseries); managing nurseries;
preparing and using the planting site. appendixes previde
1nformation on tree species, climate, and soils in West

Africa.

Weber, Freé R. 1976. The Role of Forests in Sahelian Rehani1l-
itation Efforts. Report on CI1LS5S/UNSO/FAO conference, Dakar,
26 April ~ 1 May, 1976 .

Summarizes technical papers by outside experts and country
reports by forestry officials from Cape Verde, Gambia,
Mali, Niger, Upper Volta, Senegal, Chad, and Mauritania.
Concludes that urgent forestry needs in the Sahel regquire
action particularly in the areas of administration (forest
services snould be strengthened and given a greater voice
in development planning), education (for forest service
personnel as well as farmers and herders), and research.

Weber, Fred R. 1977c. Sahel Peace Corps Director Workshop Report.
Report to Peace Corps. December 28.

Only 31 of 500 Peace Corps volunteers in the Sahel are work-
ing on forestry activities, although CILSS and the Club

du Sahel have declared this a priority area. Given proper
administrative arrangements and adequate funding, large
numbers of additional PCVs could usefully be put to work

on such projects as vegetation surveys, forest reserve
management plans, village woodlots, regional nurseries,

and trainaing of local technicians.



b. Other Regions

French, David. 1978. "Firewcod in Africa."” Discussicn Paper
for the Africa Buereau Firewood Workshop, June l2-14, 1978.
Wwasnington, D.C.: AID.

French, David. 1978. “Energy for Africa's Future." In Africa
Report, May-June.

Notes that in many African countries, more rhan four-£ifths

of all energy comes from noncommercial sources, especially
£irewood and charccal. The pool of such rmaterial is beccming
smaller, however, as deforestation proceeds at a rate that
could leave Senegal bare of trees in 30 years, Ethiopia in

20, and Burundi in seven. Even considering otheZ possibilities
(o1l, solar, etc.), reforestation will long remain the pri-
mary means for making energy available to Africa's scattered
and largely rural population.

Laurie, M.V. 1974. Tree Planting practices
FfAO Forestry Develocment Faper No. 19. <=Rcm
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practical guidance zgor afforestation © savanna araas.

Openshaw, Keith. 1971. La Foret amazonisnne--Scuzce d'Enercie.

Unitzec Nations, Food ami Agriculturse Organization. For

paris: Centre Technigue forestierle Trop.cal.

Uniced Nations, Food and Agriculturs Crgarization. 1976.
nevelogment and Pocrast Resources i Asia ané the Far East:
Trerds and persoectilves, T9el=9L, RCTE: T=0.

as-ryv
and Forest Products Divisicon. 1967. Timder ~renés aaé
prospects _in ASrica. Rome: FaO.

Includes a review of past fuelwood consumption, although
major emghasis is on industrial uses of wood.

C.5 Tftorests and Wood Fuels (Countsv studiss)

Argal, P. 1978. "Role of Wwood Energy in the aural Economy ¢£

India." Paper FRC/3-8. presented at the Eichth World Forestry
Congress, Jakarta, indonesia, Octcoer 1978.

arnold, J. 1967. Malawi--Investigatind wood Regquiremencs: Repc
to the Government. Rome: £al.

Concentratass on forest incdustries, slthough estimates are
included of future fuelwood reguirements.

uee. 1969. Lideriaan Foraest Policy.

Battelle Memorial Instl
washington, D.C.: AZI

O o

calls for zapid exploitation of Zoreszs, witd sacondary
species left to crotect the lansd aizer wecre valuable
tress are removac.



Bong Won Ahn. 1978. "Village Forestry in Korea." Paper FRC/1-5.
Presented at the Eighth World Forestry Congress, Jakarta,
Indonesia, October 1978,

Brokenshaw, David and Bernard Riley. 1978. Forest, Foraging,
Fences and Fuel in a Marginal Area of Kenya. USAID Africa,
Bureau Firewood worksnop. washington, D.C., June 12-14, 1878.

Centre Technique Forestier Tropical. 1975. Possibilities de
Prcdugtlon de Certaines Forets du Tchad en Bois de Feu, Charbon
de BOls et Autres Produits. Report for FAO and UNCP.

Clark, W.F. 1970. "Timber Supply and Demand for 1970-199%90."
Nepal Project Report. No. 1. Rome: FAO.

Development and Resources Corporation. 1%65. The Development of

Southeast Liberia: A Peport to the U.S. AgeﬁEE‘fE?‘Iﬁé%?=“““
national Development. New York: Development and Resources
Corporation. December.

With respect to forest resources, recommends "aggressive
and thorough exploitation by private operators" in order
to increase timber production.

Develonment and Resources Corporation. 1967. Forest Resources of
+he Southwest Region, Ivorv Coast. Washington, D.C.: AlD.

Recomnends technical and market research to expand
export and commercial use of trees.

Digernes, Turi Hammer. 1977. Wood for Fuel--Energy Crisis
Implving Desertification: The Case of Bara, the Sudan.
Bergen: Universi-etet 1 Bergen, Geograrisk Institutt.

In fragile ecological areas, population pressures and

poor land management can combine with shortages of rain-
fall to produce rapid desertification. Patterns of fuel
use during this process pass through four stages: (I:
People gather their own wood from lecal fields and forests.
II: As the immediate area becomes desertified, wood and
charcoal are supplied commercially from surrounding land.
III: As the desertified area extends outward, wood and
charcoal come from land around smaller villages nearby;
kerosene and other imported fuels are used. IV: Deserti-
fication spreads to nearby villages, leading to increasing
dependence on imported fuels.) In Bara, which is now

1in Stage III of this process, annual per capita expendi-
tures for fuel include £6.25 for charcoal, & 3.24 for

wood and B 6.60 for kerosene (used for lighting and cook-
ing). Daily per capita consumption amounits tO 1.98 kg

of wood and 1.1l1 kg of charcoal. Tc avoid the worst
consequences of Stage IV desertification, attenticn shcould
be given to more efficient collection, processing, and

use of wood and charcoal; creation oI forest reserves; and
introduction of windmills or solar energy devices. Since
breakfast in Bara 1s eaten at 10:00 a.m. ané dinner arcund
4:00 p.m. solar cookers micht be feasible.



Ernst, Elizabeth. 1977. Fuel Consumpticnh Aggggiau:al Families
in Upper Volta, "West Africa. Cuagacougcu: Feace Coros. Jely S.

Results of a survey 1in two villaces 1n Upper Volta. Millec
stalks serve as the principal fuel for six months fcllowing

the harvest. Wooé is gathered for fyel during the remainder

of the year, & process to which village women devote more
than four hours each day. In the area surveyed, the

morning meal is prepared pefore sunrise anc the evening
meal after sunset.

Fleuret, Patrick and Anne Fleuret. 1978. nFuelwood Use in

a Peasant Community." In Journal of Develoning Areas,
vol. 12, Yo. 3, April.
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with respect to wood stoves, provices references to
about ten miscellaneous publications. 0: these, only

a report by the Brace Research Institute includes a
prototype for use in developing countriss, and this has
not yet been field-tested. cencludes with @ proposal
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The potential power outrut of Ghana's wood wastes 1s
greater than current national power consumption. Full
use of wastes produced in forests by logging and land
clearing will be economically feasible only when the
cost of firewood rises substantially. Of greater value
now may be the estimated 25,500 tons of sawdust produced
annually by Ghana's sawmills, more than half of which
are concentrated in the Kumasi area. A pyrolytic con=
verter to make charcoal from sawdust is being tested

in Kumasi by the Georgia Institute of Technology.
Ghana's Department of Forestry nas also tested a number
of kilns for converting wood to charcoal. Although

the best of these (the Tranchant kiln) is 2-3 times as
efficient as traditional methods, its relative complexity

and high cost have kept 1t from being widely adopted.

Tatom, John W. 1977. Demonstration of Alternative Fuel Produc-
tion Through Pvrolvsis of Agricultural Wastes at the UNEP
Rural Eneray Center in Senegal. November.

Describes technologies for pvrolytic ccnverslons of
agricultural wastes (rice, straw, peanut hulls, bagasse,
cotton gin trash, etc.) to charcoal, oil and gas. Assun-
ing that suitable stoves aze available to use the pyrolytic



o0il, these systems can lncrease by abnut 2.5 times

the amount of useful energy from a given amount of bio-
mass. Proposes a converter to process one ton of

peanut hulls per day as part of UNE? rural energy center
in Senegal.

Uhart, Edmond. 1976a. Charcoal Industrv in the Sudan.

Addis Ababa: U.N. Economic Commission Tor Africa. January.

An earlier survey estimated per capita fuelwood con-
sumption in the Sudan to be 1.6 m3 in 1960. This seems
too high, and a new survey should be carried out. To
help meet charcoal needs in major towns, 60,000 ha
should be planted with fast-growing tree species on
irrigated land in Gezira and Blue Nile Provinces, at
a total cost of about $6 million. Several types of
fixed masonry kilns could be built nearby: Katugo
(about $1,000 each); Missouri ($2,000); or Beehive
(s1,000-2,000). Between 50,000 and 60,000 tons of
charcoal could be produced annually thrcugh such a
project.

Uhart, Edmond. 1975. Charcoal 1n the Szhelian Zone. Addis
Abzba: U.N. Economic Commission Tor s-rica. July.

Estimates that half of the Sehel's urban populaticn
uses charcoal, at a per capita rate of 15 kg per month.
In Upper Volta, a family of £ive now spends about $1356
anrually for charcoal. To maintain an adequate char-
coal supply, eucalyptus plantations shoulé be plant=é
within 50-380 km of urban centers; existing kilas sheuld
pe encouraced; anc new charcoal production shoulé be
considered in heavily forested areas up to 200 xm Srom
major markets. For the Sahel (Chad, Upger volta, ali,
Mauritania, Niger and Senegal), the cost of an acdeszuate
firewood plantation progran alone would be about $27
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Includes instructions for making a smokeless wood
stove, based on a design from Ghana's Department of
Social Welfare and Community Development. Summary
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