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THE TRADITIONAL ENERGY SECTOR

EXECUTIVE SUMMARY

In the mid 1370s events such &s the Sahelianm drought and the
sudden escalation of petroleum prices caused development pnlan-
ners and environmentalists te become concerned about whether
traditional fuel resources were adequate to supply the energy
needs of the rapidly expanding populations of third world na-—
tions. The traditional fuel sector had received little attention
and was one in which there was very little hard data. Nonethe-
less, in response to a felt need, development assistarce ageri—
cies began to undertake projects designed to amelicorate the
perceived shortages, actual or upcoming, of traditional fuels.

Studies and responses .n this sector were aoften restrictecd
to fuelwood because of a widespread perception that wood was, or
ought to be, the primary fuel for the traditional energy sector.
Reinforcing this perception was a common presumption that the
third world’s deforestation problems derived in significant mea-—
sure from fuelwood gathering. As noted, casual aobservations were
the bases for action in this sector where, at the time, there was
neither project experience nor significant field data.

There is now a significant amount of field experience with
projects addressing one or more aspects of traditional energy
fuels. In addition, surveys and studies have been undertaken in
several countries in an effort to generate a better understanding
of this complex field. Concepts—and approaches are changing as a
more cemplete understanding develops. This paper results from an
effort to consolidate and extend existing knowledge ancd exper-—
ience from the surveys, studies and projects.

The evidence presented here is distilled from the thoughts
of many specialists in and out of AID. Clearly some of the
thinking which has gorne into this paper is also incorporated in
+the just published AID Energy Policy PRPaper. 0On the other hand, in
important ways the findings from this work suggest the strong
need to further revise that policy paper, as well as the Agency’s
general view of this important sector. The altered view of the
energy sector which emerges from this research can be stated in a
few sentences as follows:

A. Household, or traditional fuels, are expersive and in scarc~-
supply. Their purchase or gathering impose a significant burden
on many households in the developing world. However, it appears
that in most environments there is no crisis of availaoility.
The scarcity situation has beer long present and it is a situa-—
tion to which the people have adapted. Rising populatiors will
increase demand for the scarce fuels.

1. The price rises of woodfuel in urban arczas which *toox
place in the 7@s probably reflect at least as much a petroleum
price pull as a price rise caused by decreasing supplies of
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traditional fuels.

2. Generalizations must be treated with caution in this
field because variatiorns in availability ard price;, particularly
for woodfuels, are large apparently depending on climatic cordi-
tions among other factors. It apoears that the traditioral fuel
situation is manageable in mast humid and in rural semi-—-ari
areas. In wban semi-arid and throughout the more arid ernviron—
ments localized, sometimes severe, fuel shortages are not
uncommon.

B. The traditional energy sector is very complex, with a wide
variety of fuels in use and with well developed private supply
channels established to mset existing demand. Dozens of Hiomass
substances are used for household erergy. Overall for the third
world it is unlikely that split wood supplies more thanm 25% of
energy demand. However, the range is from close to 12@8% in some
areas to not more than 10% in others. Rice straw, jute and cotton
stalks, coconut husks, animal wastes, etc. supply about half of
traditional energy needs in the third world. It is very likely
that, in many cases, wood cannct, and should not, be substituted
for these fuels. In general, the rural poor rely on fuel sources
other then wood to a greater than is the case for other econonmic
classes.

1. In many areas there is little marginal land for trees. In
such areas crops planted on available land mnet Le high valued
and multi-purpose. For example, in Egypt and Banglacesh, corop and
animal wastes provide most household energy.

2. In some climatic conditions, in areas of low rainfall or
in high mountains for example, £armed wood is very expensive and
is not likely to be a viable fuel for the poor. Examples of such
conditions are parts of India, Lesotho, parts of the Sahel, parts
of Pakistan and the high Andes.

3. In cther areas it would appear that trees are the
degsirable fuel source, such as in the humid tropics where there
is marginal land or low population densities.

€. There is no clear, across the board, association between
deforestation and fuelwood gathering. RAgain we are faced with a
lack of data in a field which is very complex. There does appear
to be an increasingly widespread view among professiconals in this
field that fuelwood gathering is seldom a major cause of
deforestation.

1. There are few reliable field data as to the actual causes
of deforestation. Some of the estimates which have been taken as
authoritative can be shown to have important errors.

2. Desk deduction and non-systematic field observations send
to support the conclusion that forest des:iruction comes freom land
clearing for agriculture, burning and overgrazing of young
regrowth arnd lumbering far more often than from fuelwood
gathering. This conclusion seems to be born out from satellite
data.

3. Exceptions to this seem most likely in low rainfall
climates where commercial fuelwmod gathering for uroan centars



takes place and where mature trees are reiatively small and easy
to harvest with small tools.

D. The most important finding from this review is that it is not
feagsible to disassociate fuel use of biomass from its other uses
such as food, feed, fertilizer, construction materials and so
forth. Freguently there are competing uses for the same plant,
even the same plant parts. Similarly fthere is competition for

use of biomass production resources. Any resource--e.g. land or
water——used for one purpose, potentially reduces the potential for
producing biomass to meet other needs.

1. Crops in the third world are typically multisurpose. In a
Bangiadesh village rice grain is uzed for food, rice straw is a
feed, a fuel, a fertilizer, scmetimes a construction material,
vice husi is a fuel and a feed, etc. In the Andes animals provide
fooe, fuel, clothing, fertilizer and exports.

2. Teotal biomass procduction potential is limited amd irn sane

illages is being, more or less, totally utilized. Fuel product—-
ior: occurs only at the expense of something else as in the
Bangladesh village referred %o above. Or, conversely, use of
Siomass for feed may conflict with it use as fuel. Dung supply
seems to limit the system in parts of the Andes.

E. The firnal sugpgested modification to the view of the
traditional energy sector is a more probiematic one. There has
Seen a more or less common presumption that the use of cron
residues and animal wastes as fuels is uncdesirable. This view
holds that thase products should be used as fertilizer for food
production anc wood substituted—as-a fuel. The interaction of
Siomass production with soil fertility and the envirorment is
complex. There are production dystems, scme apparently dating
sack thousands of years, in which crop and arimal wasies are used
to meet both fuel and fertilizer needs. These systems appear tTo
provide the greatest human good in the giver envirorment. There
simply appears to be no real possibility for substituting wood in
some of these cases. The suggested revision to the past view is -
modest erough. The possibility of designing systems faor meeting
fuel needs from crop residues and/or animal durmg should be
investigated in certain environmenis.

1. Non~wood fuels are most likely to be preferrec where
there is ore or more of the following conditions aresent, high
elevations where trees grow poorly, arid climates where trees
alsc grow poorly, areas with little marginal land or where 'and
rents are high, areas where population censity is very high Lad
income levels are very low.

2. Fuel use from trees can have as cestructive an environ-—
mertal effect as can using other Hiomass products For fuel. Trees
consume 3iomass procuction assets, they exiract minerals frem She
soil and the surning of their stalks recuces the orzanic matier
returned to the soil.

F. These views evolve from thinking alreacy uncerway in =h
<

The
Agercy and extenc that thinking to rnew frontiers. All the views
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gxpressed are considered as sufficiently likely and to have
significant anough program and policy implications to gustify
their consideration. Some are crounded in raither good evidence,
others seem the best interpretations of weak data and may later
e disprovern given the development of better data. For this
reason, one recommendation whicnh is made is for Furtner study.
The accentance of the statements macde above leads to a series of
policy recommendations desigrnecd to adapt Agency programs and
concepts to the new information.

POLICY RECOMMENDATIONS FROM THIS REVIEW

I General—--A priority area for attention is that of traditional
fuel needs. In traditional villages more biomass, by weight, is
likely to be used for fuel than for any other need. Current AID
nolicy gives attention to the traditiomal fuel sector;

however, there is an undue emphasis on fuelwood.

Specifiec—-— ,

a. Models should be developed for appropriate fuel sources
for different climatic conditions, terrains, income levels and so
tforth. These models should be developed based on current ex-—
parience and should consider wood, crop residues and dung as
possible valid sources of household energy.

be Current and planned fuelwood projects should be reviewed
to determine if they will truly addresis the fuel needs of the
rural sector, particularly the poor. Frequently, wood is not the
fuel of the poor and in some countries it is very exmensive to
produce. - - ‘

c. More data need to be cSllected on current fuel mixes in
cifferent areas, these data should differentiate fuel mix by
snocial class.

de The tradeoffs involved in the use of dung and oron
residues as fuels rather than fertilizers need to be examined.

II General-—-There is a need for a holistiec view of bicnass
production and use when planning projgects relating to food
erops, commercial erops and fuel erops. Currently, there is a
tendency to address each basic need independently when planning
assistance projects.

Specifiec—

a. During the development of agriculture anc fuel projects
there should be a review of the effect of any proposed crop
change on total biomass availaule to meet the various needs of
villagers.

b. More data should be developec an current bigmass pro-
guction/needs balances in a set of "representative" envirorments.

c. Some proftotypical holistic biomass progjects need to be
cevelopec.



d. Consideration should be given to develmping a biomass
team approach to progect development in AID regicnal and central
bureaus as well as in the fielc.

III General--The Agency’s response to needs in the traditioral fuel
sector is still technologically cdriven by tree(fuelwood) techno-
logy. There it a need for consideration of the economically
prefarable fuels, be they wood or otherwise.

Spervific—- . _

a. Studies need to be undertaken to determine the most cost
effective "fuel" projects in environments where wood is expensive
or difficult to grow.

b. Fuelwood research is needed, but should be focused on
those areas where wood is a most plausible fuel for the sra-
ditiocnal market.

c. More attention should be given to fuelwood research for
the commercial market.

IV Seneral—--There is a need for a modifiad RAgency "View" of the
traditional fuel/biomass production sector. Agency wide, many
officers view the traditional energy sector from a frame of
reference influenced-by the papers of some years ago. Second,
there is little understanding of the actual fuels usecd in the
traditional energy sector and of the multiple competing uses for
biomass which exist in subsistence villages.

Specifig—-- ) - -

a. A general concepts psper should be prepared For Agency
wide circulation./That concepts paper should broaden the view of
possible traditional fuels beyond just fuelwood, express the
holistic view of biomass procduction and contain data on currens
mix of traditional fuels as related to climate, land value,
social class and so forth.

b. Brief seminars( 0o 2 hours) should be held for mid-level
staff in DP, PD and TR offices, summarizing the data ungerlying
the concepts paper.

c. A video tape of th-se seminar materials should be pre—
pared for distribution to the field.

V GBeneral-—There is a need to.codify and make available to staff
the expanding, but still sparse, body of data on traditicral
energy balances/fuel use.

Specifig-—-
d. A plarming factor or "Fact" book should bYe cevelopec
coliating existing knowledge.

D. As results From the studies recommenced uncer I anc I7
oecome availaole, the faect baok should be undated.
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PROJECT OVERVIEW AND BACKGROUND

The original intent in this review of the traditional cook-
ing energy sector was to determine if AID preoject experierces in
the sector suggested a need for changes and adaptations. A~ the
review of projects progressed, it became clear that many of the
aperating assumptions underlying the projects did noet appear to
be supportable. At the same time, there was a true paucity of
hard data on the real situation in the traditional energy sector.
Supposedly authoritative sources such as the World Bank anc the
FRO, as well as AID documents, often contained assertions which
did not seem to match with reality. Scattered anecdotal refe-—
rences waere used as if they were broadly applicable.

Rs these realization developed, the study expanded in scope
and in time. Obscure references were trachked dowrn and gracuaily a
reasonably well supported pattern began to emerge. This evelving
pattern required major revisiong of early views of the tracditio-
nal energy sector. As is common, other professiorals were also
busily engaged in redefining the shape of the energy wheel.
Gradually, these other views were uncovered and it was found some
officers within the Agency were evolving similar perspectives.
This review goes somewhat further than the current position taken
as authoritative within the Agency. Two appendices analysing
recent AID positions—-one on the current AID Energy Policy Paper
and the other on a Bangladesh fuelwood project PID-—are attached
to this paper to try to make concrete where the views are dif-
ferent. Similar conclusions would b2 made on other cdocuments such
as the S5&T fuelwood rasearch initiative, or the Africa Forestry
Strategy draft. T

Because some of the views_expressed nere are still not fully
accepted this paper discusses at some length the sources and
bases of conclusions. It also contains a lengthy biblicgraphy
with limited armotations. A reference file of these reports nas
been established.

The findings seem to fall rather neatly into five major
categories. These are:

1. Current availability of traditioral fuels.

2. Current traditional fuel mix.

3. A Holistic View of Biomass Productiorn in the Thirc World.

4. Deforestation and Fuelwood Gathering.

3. Trees, Dung and Ecolegy.

The :eport is organized under these five headings. In each
case a summary of data and conclusions are presented. Reference
numbers are insarted in the text where appropriate to guice the
reader to the source of material. In each of the seciions there
is an evaluation of the confidence level with whieh the
conclusions are made. Where there are particular rieecs “or oeitter
unagerstanding suggestions for more stucy are maage. The repors
closes with an annctatad bibliograpny =f most of the re2zorts
consulted during this stucy.
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I. ARVAILABILITY 0OF HOUSEHOLD FUELS
A. Introduction

Many development professionals have expressed concern about
the adequacy of supplies of traditional fuels. Feollowing the oil
price rises of the 70s, it was often said that a corresponding
crisis of traditional fuel availability and price could be
expected, or even was already present. Most of the discussion of
the subject relied on anecdotal evidence in the absence of firmer
data. Some new information has come to light on the question of
traditional fuel availability. This section summarizes that data
and makes an interpretation of its probable implications.

Household energy use in much of the Third World is primarily
for cooking. For this study cooking and houseahold enerygy will be
treated as syncaymous. The vast majority of cookirng in the rural
areas of the Third World is done with biomass fuel--wood, shrubs,
leaves, crop residues and animal wastes. This study examines anly
the biomass fuels (traditional fuels) used for househald energy
generation. Some consideration is given %o the urban sector, but
the emphasis is on the rural sector.

It is not feasible with the quality of information available
to provide a definitive conclusion as to how severe the problem
of obtaivning cooking fuels is for typical Third World households.
Clearly fuels are scarce. The limited hard data available
supports the situation of scarcity. Just as clearly the situation
varies from country to country and-within countries, by region.
The limited hard data available can be treated in one of three
categories~—user perceptions of availability, price data on
traditional fuels, and amount of time spent in cxllecting cooking
fuels. Each category tells us something about fuel availability
in various countries. From a review of these scattered bits of
evidence, it is possible to make some supportable conclusions
about the overall situation.

-

B. User Perceptions of Fuel Availability

How do rural families see their fuel situation? The obvious
way to start a study of this subject is to ask the people
involved. There are few published results of such gquestioning,
however.

By far the most mezaningful of the available data of this
type are from a survey of 13,000 households concucted in India in
1973. This survey was done for a national random samole and
appears to have bzen well done. When asked, 95% of the responc-
ents irdicated that fuel availability was not much =f a problem
for them. On a question about whether they had more or less of a
problem ir obtaining cooking fuel than was the case five years
earlier, 9@% incdicated no charige with the remaining 12% evenly
divided between better and worse. (119)



India is one country in which the cooking energy should be
relatively scarce. Nonetheless, it appears that the rural
Population does not perceive a worsening situation in fuel
supplies for household use.

A small survey is availabie for a provinece in the norithern
Philippines, in an area where population density is high and
where it is said that a firewood deficit exists. The results of
this survey provide no conclusive evidence that the cooking fuel
situation has worsered in recent years. A variety of tree wastes
were used as fuel and most people said the fuel situation was
unchanged in recent years, a minority indicated a modest worsen-—
ing of the situation. In contrast, in this wood dependent region
a significant majority of respondents said their town had more
trees now than a few years ago. (113,115,118)

For some very limited data from Mali the results are
similarly ambiguous. Observations in four regions indicate that
in the highest rainfall area, 122@%mm, wood was the primary fuel
and was perceived as readily available. In a lower rainfall area,
820-S20%mm, wood again was the fuel, but some problems of sgarcity
were perceived. In two more arid regions wood is not an impoortant
cooking fuel and wood availability is cited as a problem. There
were no refarences in the study on the degree to which the
commonly used fuels, crop residue and dung apparently, were
difficult or expensive to obtain. (125, 186)

) As noted the hard data are sparse. More than two huncred

fifty documents were read in the process of this review and
conversations were held with over fifty people 1n concerned with
this field. I do not believe there are significant hard cdata
available which indicate that FHousehold fuel is perceived as
critically scarce by rural dwellers. This does not say that
critical scarcities do not exist, only that good quality field
data documenting perceptions of extreme scarcity deo not show up
in the literature reviewed.

C. Price as an Indicator of Scarcity

Prices of traditional fuels have not been exitensi/ely
documented. There are frequent citations of prices ur price
trends in the literature. But, the use of the numbers citnd is
restricted by such considerations as general trends in infiation,
the limited quantity of traditional fuels that are traded and +he
0il induced erergy sector specific inflation. Few of the data on
prices account in any satisfactory way for these factors.
Consequently it is not possible to be confident that the data
provide useful indicators of fuel scarcity trends.

Rather than burdening this discussion with a modestly large
number of references to very limited bits of data, I wilil present
only a synthesis. For the reader wishing to have more detail,
there is a bibliography appenced to this report. Price references
may be found in documents numbers 47, 63, 90, 12, 117, 119, 124,
i3e, 135, 151, 152, 186, 173, 175, 184, 134,
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1. For urban Sahelian African conditions there are at least
two countries for which data, of ambiguous guality, suggest
that purchase of ccoking fuel consumes from 20 to 3I0% of income
for the poor. This conclusion is included, despite the uncertain—-
ty of its basis, because the assertion is made in so many sepa-
rate documents.

' 2. Fuelwood prices have increased considerably over the
years since 1373, there is no consistent evidence that this
increase has been at & rate above that of price increases for
other energy products. It may be that the price ircrease is

one which is mainly oil price induced, rather than one reflecting
a decreasing supply of traditional fuels, as is often suggested.

3. Where traded, twigs and dung are cheaper on a weight
basis than is wood. It is not clear that on a per unit of useful
energy basis that these fuel are cheaper than wcod. Agricultural
wastes are not traded to any degree and almost re data on prices
could be found.

4. Urban wood prices have gorne up considerably more steeply
than is the case for rural settings, although most rural fuels
used are not traded.

S. On a usable heat basis, available data suggest that, in
the more arid and urban areas of the world, energy from wood
fuels approach, and may even exceed, the cost of energy from oil
valued at international prices. A theoretical analysis of the
cost of producing wood in such environments confirm the prabable
high cost of wood in arid area( see Appendix A).

6. The poor purchase less of their fuel and use lower
guality fuels such as twipgs, leaves and crop wastas.

7. The best study available on woodfuel price trends is by
the World Bank for Addis Ababa(175). This study shows an average
real annual increase of 9% a ydar in fuelwood prices, with most
of the increase occurring in 1974 to 1978. These are the years in
which petroleum prices were increasing most rapdily. Whether or
not wood price increases in Addis zxceeded overall energy sector
inflation cannot be determinad from the published data.

In summary, such data as are available sugges: that tra-
ditional fuels in urban areas are relatively expensive. The
purchase of fuels for cooking does impose a significant burden on
the poor, urban household’s limited budget. There is a lack of
data on whether wood fuel prices have increased at rates above,
or below, overall energy sector prices. Much of the fuel used is
not traded making the development of price data rather difficult.

D. Time Required for Fuel Gathering

As in the prior two sections the data are sparse and
occasionally contradictory. Again I-am reluctarnt to use materials
which appear to be anecdotal in nature. The situatior is a littie
better in that a few surveys of time/task relationsnips for
rural families have beeri accomplished wnich indirectly g5ive scome
indication of the difficulty of gathering fuel.

Scme standards for comparison may be established by
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examining overall person time availabie.

A rural family with & to 7 members has, perhaps, S2 to 6@
person hours per day for productive activities. This allows for
12-14 hours of potential work time, the loss of 1.5 persons as
- non—productive because of age, and for about two non—-productive
“hours per person during the day.

The survey data available show three household activities
as heavy time consumers, these are foog processing and cooking,
water collection and fuel gathering.

The following data have been found on time spent on

cooking and water collecting.

1. For seven villeges in India:
Cookirg: low-1.5 hrs, bi-6.4 hrs, avg-=3.9 hrs.
viater: 1.2 hrs. (13%)
2. For wight villages in Nepal
cooking: low=1.9 hrs, hi-4.5 hrs, avg-32.8 hrs
water: low-@.3hrs, hi-1.2hrs. avg-3.6 hrs. (1,39, 1395
3. For five villages in Mali:
coocking: S5.2 hrs.
water: no data
4. Unspecified samples in
Nepal: Ccoking—3.1 hrs, water—-8.7 hrs.
Bangladesh: cookinp-=9.2 hrs. water-0.5 hrs.
Pakistan: cooking=-S.3 irs, water-9.5 hrs.
Java: cooking-2.8 hrs.
Upper Volta: ecooking—2.7 hrs. (59)

The typical time spent on food preparation, cooking and
water gathering is on the order of 4 to 6 hrs. per day or abcut
12% of the person power availabde to a family. In terms of a
standard, if fuel gathering consumes less than this time per day,
it is fair to say that it probdbly does not represent an intole-
rable burden on the family.

The available data on time spent in gathering wood shows
large variation. I suspect that the variation represents both
real variation and variation induced by poor gquality data. There
is little that can be done to separate the two effects. The
available data are:

a. Seven villages in India:

lo—0@.66 hrs. hi-5.2 hrs. avg-2.4 hrs. (135)

b. Sever villages in Nepal:

adults 3.67 hrs.
children 1.1 hrs. (1,59,135)
c. Bangladesh: @.25 hrs. (59)
d. Nepal: @.65 hrs. (59)
e. Two villagas in 1India:
Adults, medium land holder-0.56 hrs.
children; medium landholder -0.2 hrs.
Adults, landless-@.935 hrs.
Children, landless-2.5 hrs.

f.Java: 8.8 hrs. (59

g. Upper Volta: 2.6 hrs. (53)

These surveys indicate that rural families spernd from 2.5 to


http:landless-0.95
http:holder-0.56

3 hours per day on fuel collection. Numbers in the range of from
8.5 hours to 1.5 hours seem to be most common. These data appear
consistent with observations from long time observors that fuel
collection is often undertaken incidental to many other activi-
ties, such as walking to market or to the field or to crop
gathering. The time spent on fuelwood gathering is about egual to
that needed to bring water and is gererally less than one half
the time required for fomd preparation/cooking.

Available eavidence suggests that a rural family must
allocate from 2 to 4% of avajlable person hours to fuel
gathering. These data cover a moderately large range of
environments. This does not suggest that fuel is a major problem
for the rural poor, but also suggests that fuel gathering
requires an important expenditure of available resources. More
time is rnormally spernt on food preparation, with similar amounts
of time deveted to water gathering. As with water, oftentimes
much of the burden of fuel gathering falls on childrer.

E.Conclusions on the Availability of Household Fuels

The evidence available do riet support a conclusion that the
household energy situation is perceived to have worsened in
recent years. Fuel acquisition is shown to be expensive in money -
or in timej; it rates as one of the important burdens on family
resources, probably after food and water. For the urban pcor
there are some very limited indications, mainly from Sahelian
countries, that fuel purchases reresent a major expenciture
class. L ’

Before we undertake projects to ameliorate fuel shortages,
we need to know more about the “character of the current fuel
supply situation for the specific area where the project is
planmed. We need to know the types of fuels and theair availabili-
ty, differentiated by sncial class. Probably studies of %Se allo-
cation of time spent in acquiring fuels would be most useful in
the rural areas since most fuels are collected not purchased. In
the urban sector price data can be useful. It may be that simple
surveys of perception of supply can be useful, but I would sug-
gest these must be used cautiously.

II. MIX OF FUELS USED FOR HOUSEHOLD SNERGY NEEDS

The previcus section generally supports the view that
househnld energy costs are high. Thus, projects adcdressing :he
supply or conservation of traditioral fuels may be appropriate
given supporting analysis of the local situation. Increasing
populations will cause these already tight supplies to becone
more sao.

This section presents data on thi- mix of Fuels which are now
usec for household enercgy purposes. There has been consiceranle
attention giver to fuelwood. Other common fuels have been largely
ignored. Yet, a major share, if not a magority, of cowoking erergy
is supplied from fuels other than wond.



Again, some definitions neecd to he ceveloped befare the
discussion is presented.

1. Various tree products are used for fuel. Some of these
products, such as twigs, leaves and dead branches, do not invelve
the destructive harvesting of the tree. These fuels, which might
be called tree wastes, are more commonly the fuels of the poor,
while the better off are more likely to use split wood. Both for
the ecological considerations, non—-austructive harvesting, and
for social class information, tree product fuels are separated
into two categories whensver data permit.

Wood——any tree part cbtained by destructive harvesting, this

category is usuwally best approximated as split wood.

Twigs—-tree parts such as pruned branches, leaves, and dead

parts which can be harvested without killing the tree.
Generally wood is a higher guality fuel than twigs.

2. Meny types of mrop residue are used for fuels, These
include items such as rice, millet, jute and cotton stalks. In
addition, residue from tree crops are also burned for cooking.
These include coconut husks and fronds, palm oil waste products,
over aged rubber trees and probably many others. Normally when
parts of a plant, grown for other purpose, are used for fuel,
those parts are treated as crop residues. The exceptions to this
are wastes from trees grown for wood products such as poles and
lumber. These products, when information is available, are
classified under twigs.

3. Animal wastes are a gooe fruel in arid and semi-arid areas
and possibly in more humid climates during the drier times of the
- year. Dung will be used to cat&gorize any animal excrement used
in its solid state as fuel.

4. There are other fuels used in varying degrees. These
include biogas, grasses and of course petroleum procducts. This
paper addresses only biomass fuels. Very little information
exists on biomass fuels other than the main categories listed
above.

A. Data on Current Mix of Household Fuels

This paper focuses on the rural sector insofar as data
available can be disaggregated to cover only the rural areas. The
fuel mix in the vities is different with wood and twigs
representing a much larger proportion of the traditional fuels.
The urban fuel sector is also different in that it is primarily
commercial, while in the rural sector most fuels are not traded.
For these reasons, what is said in this paper cannct be r~adily
applied to the urban fuel situation of the developing world.

Household energy use has become a subject of increasing
interest in the past few years. Consequently there is an
increasing base of field cata on the types of fuels used, on the
guantities used and on who uses what tymes of fuels. The guality



of these data are satisfactory for some purposes. From them we
can obtain a general i1nuication of the prevalence of different
types of fuels worlcdwice and by region. We can derive robable
relationships between, climate, population densiiy and income
level and type of fuels most likely to be used for cact.iing. The
data will not, in general, be adequate for specifying the
specific situation for a particular region of a country.

The following data, which appear to be based on reascrable
field surveys, are available on fuel mix. The data sets are diviced
by the general level of aridity for the country for which the
data apply. This is only an approximation since rainfall varies
greatly within many countries. Despite its limitations, this
separation of the data provides some useful information.

1. Arid Areas or areas with semi-arid monmtane envirormen:ts

a. Data from a survey of 148 households in ore village in
Lesothe showed:

Fuel Percent of Energy Supplied
Wood and Twigs 2
Dung S2
Crop Residue 4

Ancther category, shrubs provided some 42% of energy. (43, 44)

b. For two villages in Mali a non-systematic survey showed
that in the most arid area, rainfall under 30@mm, cung was the
primary fuel. Wood was scarce.and some residue from palm trees
was burned. In the other village, rainfall probably in the 4@2+am
range, wood is preferred but hard to get. Other fuels such as
straw, dung and other agricultidral residues are used %o
supplement wood. Relative quantities could not be determinec.
(125, 126)

C. Again for some detailed observations in Upper
Volta, it is shown that wood is used in the wet season anc millet
stalks employed during the dry season. Millet stalks orovide at
least half the energy used for cooking. (785)

d. Extensive data from Ethiopia show a heavy dz=pencence on
agricultural residues and dung. In the more arid regions of the
country wood is seldom used as a fuel. The following table is for
national aggregates. (179%)

Fuel Percent o7 Energy Supplied
Wood and Twigs 49
Dung C 34
Crop Residue 24
e. R detailed Analysis of dung as fuel or fertilizer in a
small region of the altiplano in Peru provided gooc information

on fuel sources. The results are: (133, 171).



Fuel Percent of Energy Supplied

Wood and Twigs est. at uncer 12%
Dung est. at over 9Q%
Crop Residue apparently rarely used

2. Semi~-Arid Areas

a. For two villages in Mali with rainfall above 92@mm and
located on year round rivers, it was found that wood is the pre-
dominant fuel. In the village with high rainfall, 120@mm, wocd is
plentiful, while in the second, which is in the 9@8mm regime, wood
is considered scarce. (125, 126)

b. The survey referred to previously for India provides the
best information on Tfuel use. (1173)

Fuel FPercent of Energy Supplied
Wood 21
Twigs 37
Dung 24
Crop Residue 18

The table is for the rural sector only.

c. There are a number of other village level surveys from
India which generally confirm the nationwide survey, but which
also offer additional information. (103, 135, 151, 182)

Fuel Perecent of Energy Supplied
Wooed T S to Z0%
Twigs — - 5 to SO%
Dung 15 to 60%
Crop Residue = S to 35%

Green plants are also mentioned as fuels in some areas, with up
to 25% of energy supplied. These surveys provide some incication
of the differences in fuels by economic class. In one village the
landless rely heavily on twigs while the farmers with viable
sized farm units burn wood and cunc.

d. Aggregate data are available for Turkey. (162)

Fuel Percent of Energy Suppliec
Wood 22
Twigs 22
Dung 34
Crop Residue 22

e. Egypt is treated as semi-arid for this analysis.
Data available are limited, but it is clear that wood is seldom
used for cooking in the countryside. It appears that durg and
crop residues are both important fuels. (194)

f. In Botswana, a survey of a single village shows that wood
is the most commonly used fuel and cung and crop resicdues are
also important sources of householcd energy. (41)



3. Humid Areas Without Marginal Land

This is o special category. Although trees grow well, land,
without alternative, higher value uses, is not available for iree
production. Data are available for only one country with this
characteristic, that is Bargladesh. There are several sets of
data available for Bangladesh. Other areas such as the central
plain of Thailand, Central Luzon in the Philippines, parts of
Burma could be similar. (47, 7@, 187, 194)

Fuel Percent of Energy Supplied
Wood 3 to 25%
Twigs S to 25%
Dung 3 to 15%
Crop Residue 35S to 70%

The data from Bangladesh provide another indicatiocn of the
relationship between fuel use and income. RAs in Incia, the poor
are likely to rely heavily on tree waste and crop residue while
the better off families use more wood and better gualtiy twigs.

4., Humid Climates With Marginal Lards

Most of the humid tropical lands are hilly or mountainous
and the hillsides are not well suited to traditional agricultural
crops. These hills provide convenient lands for fuelwood
production.

a. Several small studies have been dovne of fuel use in
Indonesia. (129, 135, 162)

Fuel Parcent of Energy Supplied
Waood - 15 to 2B%
Twigs major fuel
Dung probably negligible
Crop Residue Some, from tree crops

b. In Liberia tree products are very readily available and
are almost the only fuel used for home cooking. A significant
share of the fuel is from split wood. (pers. cbservation) A
similar situation is found in Sierra Leone. (119a)

c. From limited systematic cdata, split wood and twigs are
the predominant fuels in much of the Philippines, although crop
residue from the coconut is a common fuel in the areas where this
crop predominates. (pers. observation)

d. Scattered bits of data from Thailand indicate that tree
products form the primary Ffuel base. There is some use of crop
residue, but it appears not to be the predominant fuel base.

B. Types of Biomass Fuels

These surveys give the following general information on
types of biomass fuels used.

1. Tree Parts(used in some measure iw most areas)
split wood
brarnches and twigs

(i



leaves
Wood is a luxury fuel in many parts of the world anc is
mainly used in urban areas and by families with higher
incomes.
2. Woody Shrubs- used particularly in semi-arid areas, lit:tle
data available.
3. Crop Residue-used very widely, even in humid climates,
but primarily in rural areas. Examples of important
residues are:
rice straw-—-Bangladesh, China, Incia
rice husk-Bangladesh, India
millet stalks-Upper Volta, Mali
Jute stalks—-BRangladesh
Cotton stalks-Egypt, Ethicpia, India
Coconut husks and fronds-Fhilippines, Indonesia
0il palm wastes-Liberia, Malaysia
0Old rubber trees-Liberia
4. Animal Wastes-Used in many countries, irn some environments
there is a well defined preference system for different
types of dung. For some uses dung is preferred to wood

C. Probable Mix of Household Fuels By Environment

One has to be cautious in making generalizations abou:
cooking fuel mixes because of the complexity and variability
which exist. Nonetheless, there are some guidelines which are
useful in indicating likely patterns which will help in knowing
what to look for until better guality information becomes
available. L

Figure One summarizes an interpretation of the data found in
these studies. Fuels used appedars to depend on climate(rainfall
and temperature), population density, terrain and income level.

In a causal sense, the argument as to why fuels other than
wood predominate in certain conditions runs as follows: .

a) Trees grow relatively poorly where rainfall is low or in
ccol alpine climates. Consequently, wood us a relatively
expensive fuel in these areas.

b) If agricultural population density is high, land values
are higher and crops higher in value than trees are favored for
available land.

c) If there is little marginal (hill) iand few trees will He
grown.,

d) Where incomes are low, low guality (vaiue) fuels wilil be
more commonly used.

l. Figure One shows that in more arid environments, rainfali
below 602 .m, tree products are not likely to be a comtinuing
source of household fuel. At the most arid end of this spectrumn,
say below, 35@mm, and whern population densities are ilow, mining
of shrubs will provide an important fuel. As poounlation oressures
grow, mining will exceed natural regenerative capacity. Simce wocd
is expensive to farm other fuels will be adopted. The higher
income groups will adept commercial fuels, while the poor will

s
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turn to dung.

In some developing countries analegous conditions are
created by low temperatures. Thus, in high altituce cencitions
tree growth may be sufficiently slow to negate the use of wood as
a fuel even though there is relatively high rainfall. The
altiplano of South America and perhaps parts of Nepal are of
this nature.

2. In areas with rainfall above 120@0mm tree procucts and
crop wastes, particularly those from tree crops, will be the
predominant fuels. For areas where the population oressures are
high the poor will burn twigs and junk parts of the tree. The
better off will use split wood. A special case for this environ-—
ment is where there is little marginal land. Food crops get the
first priority, trees second. In BRangladesh, despite adequate
rain in much of the country, tree products are not usec for fue!
because of the intense use of land for food or commercial crons.
No data are available, but it seems likely that in the central
plains of Thailand and the Philippines somewhat similar situa-

tions have developed. Where the lancd is hilly trees are usually
available on the hills.

D. Conclusions and Need for information

We know much about the overall pattern of fuel use in the
traditional sector. We can make broad guicdeline statements abcut
probable fuel mixes if we know the general climatic concitions
and population density along with level of development. Wood is
important in some areas. In other areas it is unimportant. Gene-
rally the rural poor are the least-likely to use wood. On a
worldwice basis, it seems unlikely %that more than 12% of %ne
energy needs of the rural poor~are met by wood, with perhaps
another 25% coming from tree wastes of one type or another.

If one is to address household fuels, it is nercessary to
know what the specific local situation is. Thus, there is a
strong need to develop information on local fuel mix, ¥Tor those
couniries in which we are considering the development of projeects
designed to ameliorate the household energy problem. We also need
to develop good information on relative prices of fuels and
accessibility by social class.
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III A HOLISTIC VIEW OF BIOMASS PRODUCTION

(47,68,11@, 132, 163,171,175, 187, 194)

The modern era is often referred to as the age of cpaciali-
zation. The Renaissance man, able in marny different fields, is
considered an anachronism. We are erngireers(chemical), social
scientist (behavioral) or members of some other increasingly rar-—-
rowly defined discipline. Our economic activities are similarly
specialized. The family farm, self-sufficient in many Ccrops,
seems to have suffered the same fate as the Da Vincis. Today'’s
farmer is a specialist in wheat, in torn, in oranges. He praduces
a single product for sale; with the inccocme earried from that sale
he buys the things he needs from the market place.

The Third World has not reached the age of specialization,
parvicularly in the rural areas. A farmer in the Sahel Grows a
grain, herds some animals, does some crafts at home, perhaps gogs
to the city as a laborer in the dry season, if he is near the
sea, or a river, perhaps he supplements the family’s meager
resources with a little fishing.

Crops in the Third World are in a sense analogous in their
ubiquitous functions. The farmer doesn’t grow a grain crop for
food aleona. From the tender parts of the stalk of the plant he
will obtain faed for his work animals. The tougher paris will ke
a fual for his cook stove. He may use arv excess stalk as a plant
mulch. Perhaps the stalk will also supply =ome construction
material as thatching or as binder for mud brick. His animals
produce food, fuel and fertilizer. The Third World farmer wastes
little for he lives with no margin for such wastage.

We have tended to think about third world problems in terms
of our own environment of specialization. We send a food grain
specialist to look at rice. The specialist thinks of rice as
exclusively a food crop. The energy specialist, in contrast, is
likely to look only at energy use of biomass. In Bangliacesh, e
specialist may advocate the use of high yieldiry grains o sSupply
more food, without considering that the adoption of these grains
may reduce the farmer’s fuel supply by reducing stalk oreocuction.

The Third World farmer buys little of what he needs to
survive. He produces it himself. He produces it in very large
measure as cne form or another of biomass. From one perspective
he is the supreme generalist. And, it is from the perspective of
the generalist that his problems are probably best addressecd. The
farmer needs advice on and/or technology to produce a mix of
biomass which will nieet his total needs. If ha is to consicer a
change in his production mix to produce more food, he needs to
know if that change is going to mean less fuel arnd f=zec. Cor—
versely, if he is to produce more wood for fuel, he aust uncer-
stand what this implies in terms of total biomass availability.

R. The Farmer’s Needs

The farm vawily has a multiplicity of reeds. T2 closer :

sperates to subsisterice the greater the extent to0 which its nzecs

e
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must be preduced from local resources. Those resaurces are
primarily the biomass production potential of the area. The basic
needs carn be classified as follows:

Food==In the first instance the farmer needs sufficiernt food
to meet the nutritional reguirements of his family.

Feed--Typically the third world farmer is dependent on
animals for a variety of necessary fFunctions, such as motive
power, cultivation power, and food. He must produce on his land
the biomass to feed these animals.

* Fuel—--For reasons of taste, digestibility and preservation,
much of the biomass the farmer consumes for its food content has
to be cooked. The fuel for that cooking is ancther drain on his

biomass resources.

Fertilizer—-To maintain the procuctivity of his land, the
addition of minerals and perhaps organic matter is necessary.
Next year’s biomass production depends in part on this year'!s
fertilizer., His sources of fertilizer are, largely, the 5iomass
production of his farm unit.

Construction--His shelter is usually constructed in some
measure from the biomass of his land.

Exports——Few, if any, farmers are totally subsistence. Some
foods, cloth, canstruction materials, health services are among
the items which must be purchased. He must produce surplus
biomass, or labor, for sale, or—expor:i from his system, to enable
the purchase of the minimal necessities from the osutsice.

B. Scme Examples of Hoiistic Views of Riomass Procduction

This line of thought was triggered by fregquent refuerences %o
the desirability of not burning dung or crop wastes because of
their importance as fertilizers to assure next year's food
supply. Clearly, concking is as necessary an act as fertilization
and it occurs nearer in time, since fertilizer use does not ring
benefits before the next harvest. How reasonable were those
monothematic calls for not burning dung?

The answer to that guestion is not simple; it is quite
complexy in fact. As a minimum, it is necessary to understanc
actual competing uses for biomass, if one is to uncerstand enough
to develap a reasonable answer. A search through the literature
has produced three relevant examinations of total biocmass sroduc-
tion and use in the developing world. These studies co not ex—
haustively cover biomass produced and used, bub they do cover a
considerable percentage. Two studies are from delita villages in
Bangladesh and ore from the altiplanc of RPeru. They are from
areas in which there is little or nz surplus biomass. Therefore
conclusions from these studies are going to be most raeoresenta-
tive for areas where population approacnes the supportaole l:i-
mits, given the tecnnology being employec.

KX
r:



An examirnation of these data should be useful in uncerstarc-—
ing how some of the third world?'s farmers have adapted their
biomass production to meet their total needs. The cata illustrate
how secondary products from a crop grown for a primary output,
usually for food or for export, are used to meet other needs.
While we may think of rice as a food crop, in the delta of
Bangladesh rice provides multiple products including fuel for
cooking, feed for work animals and straw for compost and con-
structior. While the food is necessary for human existence, so
are the fuel and other cutputs of the rice plant.

1. Dhanishwar in Bangladesh. (134%)

This is a village in the floodplain wheve the primary crops
are rice, Jute and mustard. There are 422 pesple in the village
with a total cultivated area of 147 acres. The biomass use by
crop is as follows:

Percent of Needs Supplied By
Source of Biomass

Rice Rice Jute Jute Mustard Various

Need Direct As Dung Sale Stick Sale Others
Food 2Y7:] 20
Fuel 70 a8 13 9
Feed 83+ 19+
fert. 89
const. 2 : T 32?2 ??
Evport 10 6% - 23

By volume, the total uses ~for biomass are:

Food 13%
Fuel 20%
Feed 24%
Fert. 15%4
Const. 4%
Export 6%

The recording of biomass was not complete. Some feed came from
grazing which was not recorded and the recording of the limited
wood used, primarily for construction, is believed to be incom-
plete. Nonetheless, the data indicate the general pattern of use.

By volume, feed and fuel are the big consumers of biomass.
Food is the fourth leading use in terms of volume. The village
is almost totally dependent on rice anc Jute, with rice supplying
the large majority of the needs except far export. In this
village, rice is not only a food creop, it is the very basis for
the existence of the village and its "residues" meet needs %tnat
in the long run are as important as grain for food.

e
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2. Ulipur in Rangladesh (47)

TAis viilags 15 SomawnRad similad b2 DRamisRwWes: E3wover, it
is located on a river and its pecple rely to a cegree on fighing
for their susterance. The fish cateh is sold and some grain and
fuel purchased, since the village is not self-sufficien:t in
either of these items. Ulipur would appear to be even poorer than

Dhanishwar. I%, however, has a more diversified proauction base.

1]
i

Percent of Needs Supplied
- By Source of biomass

Village Produced Gathered Purchased

Rice Rice River
Need Direet As Dung Fish Wood Wood QOther Grain QOther
Food 435 3 32
Fuel#* 47 2 11 S 14 )
Feed* 53 SQ0est
Fert.* 48 27est ic
Const. some
Exprt . 273

* These needs ar= partly met from minor crops in the village.:

The total uses of village produced bicmass is as
follows (est) :

Percent
Food 18
Fuel 49
Feed 26
Fert. S
Const. (S
Exprt (S

In contrast to Dhanishwar, Ulipur relies on the river for
fish and for a variety of biomass which is gathered along the
banks. That is the village obtains biomass which is nct grown ov
village lands. The gathered items range from drift wood and
bamboo to weeds and discarded rice straw. A portion of the
families in the village own no land and live almost exclusively
off what they can get from the river. These families must sell
the fish they catch in order to buy their food and some of their
fuel.

Although Ulipur has a more diversified economy than
Dhanishwar, the basic pattern is the same in one important
respect. The villagers produce no specific crop for fuel,
fertilizer and feed. Rather they burn plant stalks or leaves, anc
whatever they can scavenge from along the river. Thus, they burn
rice straw and husk, Jute stalks, the doinshah nlant, waste from
chilis and so forth. With the significant fishing aznulation
without access to land, fuel is a particular propiem.

Ulipur is flocded every year and as a conseguence must



produce floating rice. This rice has a high proportion of stalk
to grain. At the time of this study in 1973, the goverrnment was
said to be building a dike to protect the villapge from fleaod-—
ing. It was intended to persuade the villagers to switch to a high
yielding variety of rice——which has little stalk relative to
grain. From data on this village it is possible tio make an
indicative computation of the effect of a chavnige nmver to a high
yielding rice on the ability of the village to supply its needs.

The following estimates come from the study of biomass
production in Ulipur. (47)

-—ratio of grain to stalk-—floating rice - -1 to S
-=ratio of grain to stalk-—-miracle rice -1 to 1
——ratio of total biomass production of

floating rice to that of miracle rice -1 to 1

(given similar cultivation)

That is, data is offered irdicating that miracle rice, For
similar growing conditions, produces no more biomass than the
floating variety, rather it reallocates productior from stalk to
grain. Since the villagers rely on the stalk as well as the
grain, the reduced stalk production involves some losses for the
village. Using the above data, it is possible to make some cruce
estimates of the effect of a full switch from floating to miracle
rice.

The products from floating rice are allocated as follows:

Food -~ 1 part

Feed - 2 parts

Fuel - 3 parts - -
If the total mass produced remains unchanged anc if feed is given
priority over fuel, the allocation of parts from miracle rices
would be:

Food - 3 parts .

Feed - 2 parts

Fuel - 1 part
Thus, the amount of food is tripled, the feed element is held
constant and the rice contribution to fuel is cut by two thirds.
Cultivating floating rice, Ulipur produces about half of the foocd
grains it consumes and about 79% of its fuel requirements. The
indicative computations suggest that if high yielding rice is
substituted, the village will have a surplus of ahou:t 25% above
its own grain needs. However, fuel production will fall to less
than S8% of needs. Thus, such a change implies the need to
develop a new fuel source.

3. The Peruvian Altiplano—Nuno:z

132,171)

A study on biomass production in an area =f the Peruvian
altiplano shows ancther example of a well establishned system in
which there is almost no reliance on woond for fuiel. In this case
rather than rice, the basic product «of the pecple is their ani-—-
mals. The animals survive by grazing. Unfortunately, the siudy on
which this analysis relies for data coes mot cover the procduction
of grasses. It only looks at the "farmed" oubtouts.



The villagers rely on two sources of sustenance. Their main
food comes from potatces and grains, a magority of which are
purchased. The animals provide wool, meat and by products for
export. The animals also provide meat for food and dung wnich is
of vital importance as a fertilizer for the small potatw and
grain crops. The dung is also the dominant source of fuel availa-
ble, both for coocking and, in this cold cliimate, for neating.

The animals are probably fea some of the crop residues, but
the study available deoes not discuss such use. In this particular
case it is the population of animals and the productivity of the
high valley grasses which determines the ability of the land to
support peocple. The villagers have developed a system in which
there is . ralance between the needs for fuel, fertilizer and
labor and isses to support the animals. Again, the people are
poor and liitle biomass seems to be wasted.

The animals supply all of the export products which provide
the money to inmport 85% of grain consumption. The animals orovide
over ninety percent of fuel and provide the fertilizer to produce
a major share of the 15% of the grain crop which is grown within
the village. The animals are as ubiquitous in Nurnoz as is the
rice plant in Dhanishwar.

The few small trees which grow at this altitude are consi-—
dered too valuable as sources of construction material to be cut
for fuel. There is strong competition between the use of dung €or
space heating and cooking and_as fertilizer for the potato and
grain crops. The study is somewkat-vague on this point, but it
appears that the limited production of grain results from the
lack fertilizer. -

C. Relative Quantities of Biomass Required for Meeting Basic
Needs

It is possible to make crude estimates of the relative
quantities of biomass required to meet the four basic needs of
food, fuel, feed and fertilizer. The estimates proviced here are
only relevant for riear subsistence villages, dependent on
agricultural crops. This is, however, a common concitior in AID
recipient couw tries and therefore the computations should be re-
levant in many circumstances. '

1) Assume a requirement for 2,020 kcals of food per day per
capita, from grain. This implies a need for about 2.6 kg of grain
per day or 210 kg of grain per capita per year.

2) Cooking requires from 2 to 3 calories of fuel per calorie
of food, under a variety of traditional concditions. The daily
fuel requirement to cock 2,020 kcals of food( using the mid-range
figure) is 5,008kcals. A kilogram of air dry wood will contain
about 3, 2@8kecals. Thus, the annual requirement, ser capita, for
fuel is about 582 kg of wood, or its equivalent im other fuels.
This can be lowered if more efficient stoves are employed. How—
ever, the heat requirement is greater for some grains. Various
studies of actual fuel used suggest that typical per capita



consumption figures are the the range of 402 to 1,220k per year.

3) Animal (work or dairy) to human population ratios vary,
but an average of one animal per five pecple is representative
for settled subsistence agriculture. Work arimals cerisume S to 1@
times more food than do humans. Using a seven to one food con-
sumption ratio, 2mn estimate of ©.85 kg of feed per day per numan
is ohtained. '

4) Fertilizer requirements are less easily estimated. In the
three village studies, the quantity of fertilizer used is abmut
equal to food consumed. I shall assume for these calculatiuons,
one kg of fertilizer for each kg of food.

The quantities of biomass required Fer capita per day are
approximately those shown in the table below. For villages which
have important trade or for villages which depend heavily on
animal grazing, it seems likely that somewhat different numbers
will apply.

Daily Rer Capita
Biomass Needs

Food 2. 6@kg 15%
Fuel 1.60kg 9%
Feed @. 85kg 21%
Fert. @. 60kg 15%
Total - 3.65Kkg 90%

*#About 1@% is assumed to go to other needs.
4
These estimates are quite similar to those for the actua! mea-
surements in Dhanishwar. They strould be usable for general plan—
ning purposes until more location specific estimates are deve-
loped. ' -

L. Conclusions and Needed Information

(40, 86, 142, 154)

In subsistence areas, the villagers have developed a mix of
biomass products toc meet their needs for food, furl, fertilizer,
and feed, as well as other needs. Typically a single crop will
provide the biomass required to meet two or more of these rieeds.
Thus, any crop change for the purposes of better supplying one
need may well have side effects on the villagers abiliiy to
produce biomass to meet their other rneeds. Fuel projects cannot
be looked at without considering side effects on food, feed and
so forth.

The solution seems to be to adapt a holistic view, where
total biomass production and aggregate needs are examined during
project plamming. We have few studies using such a holistiec view.
There is need for a greatly expanded data base irn this area.

IV DEFORESTATION AND FUELWOOD GATHERING
Many persons have expressed concern about the disappearances

of tropical forests and have wondsred what could be core %o slow
down, if not reverse, the decline ir forested area. “ublisiied



statistics have shown that B2% or more of iree prroducis in the
tropical countries go for use as fu=l. Combining $he corcarn and
this =tatistic, some have concludecd that fuelwood gathewing is
the root cause of ceforestation. A simple extension leads to the
conclusion that development of fuelwood procduction projects can
Bbe a means for slowing the loss of tropical forests. There are
two funcamental flaws in this logic which limit the valicdity of
this conclusion.

1) On a worldwide basis, westimates of fuslvdad consumption
are sharply overstated. The basic reference numbers, thosa from
the FAQ, indicate "fuelwuod" corisumption figures which are tono
high by up tn 420%. The basic FAO document on the projecied
fuelwood deficit (86) states on Page S that, "the people in rural
areas and in towns under 1020, 220 are assumec to depend on fire-
wood." This assumptior is appliad in all countries. While the
FAC0 cocument does indicate, on careful reading, that their term
fuelwood is meant to include agricultural and other wastes,
summaries are presenced reneatedly as fuelwood ceficits. The
deficits are related to forest productivity. As shown in an
earlier section wood, from harvested trees, constitutes, on a
worldwide basis, less than 25% of traditional fuel use.

This definition by the FAD results in estimates of fuelwood
cansumption which are overstated by a factor of four, or more. In
the areas where the wood deficit is stated to be most severe,
wood is even less commonly used. Thus, in most areas of acute
fuelwood scarcity, fuelwood use is less common than world average.

2) The FAD estimates are often used to relate fuelwood
gatiiaring to a reduction in forfested areas. In reality, there are
many countries in which surveys show that very little fuelwood is
gathered from forests. Irn general, the populations live far from
the forests. Fuelwood is burdensome to carry, so it is gatherec
close to home. Both common sense and available data incdicate thas
fuelwood is not likely to come Tvom forests.

The earlier data cited from Indonesia, Bangladesh and India
indicate that 23%, or less, of fuelwood comes from anything which
could be called a forest. There is a similar siudy for Kenya.
Mcst wood comes from home lots, roadsides and so forth. Applica-
tion of this relationship to the FAD data, would reduce the
fuelwood gathering in fores%s by another factor of four or five.

Thus, FAO estimates which show that fuelwood makes up about
8@% of the volume of mass removed from forests are highly mis-—
leading. If the above correction factors are anplied, to 1 and
S to 1 reductions in estimated fuelwood removals from forests are
implied. 1f such corrections are applied, rather than 8@% of
forest mass remuvals going for Fuelwood, the nercentage is re-
cguced to about 15%. Separate calculations for FAQD regional ass
mavtes of fuelwood as a percent of Tores: remavals in Asia, aro-
duece similar cormclusions. These computations are bHasec on satel-
lite information on reductioms in forested areas. The mass corn-
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taimed in the deforested areas just about equal the guantity of
materials which are said to b2 removed for timber and pulp pur-—
poses. That is, based on satellite evidence, reductions in fo-—
restec =vea can be almost totally explained from commercial
forestry removals, suggesting that fuelwood gathering does not
relate to deforestatior. Thus, the estimates snowing fuelwood as
representing the large majority of material remoaved from tropical
forests appear to be highly misleading.

This conclusion has distinct limits as to validity given
available data. Close to urban centers where commercial gathering
of fuelwood takes place, there is evidence that fuelwood is
gathered from forests to some degree. Since most Third World
populations are primarily rural this is a lesser problem than
might be initially thought. For arid areas where trees are small
at maturity and therefore relatively easily harvested anc where
nomadic or semi-nomadic life styles exist, it may be that
fuelwood gathering is more destructive of what are nominally
called forests. No systematic data, could be fournd, on this
environment to specify what is actually happening.

There is probably little need for additional information in
this area. Fuelwood gathering is not a terribly important factor
in deforestationy, with the probable exception of some arid areas..
In these areas there is a strong need to uncerstand more about
ecological interactions.

V Trees, Dung and Ecology

The implication of what is~said in this paper is that it may
make sense to burn dung or crop residues. These are fuels which
are cheaper and more accessible. They are the by—-products of
crops grown for commercial or food purposes. Their sroccuction
does not make exclusive use of limited biomass production
potential. In some areas the only way to get wood is to cgrow it
on land which is suitable for a crop which will produce some
focd. In some areas wood is a terribly expensive crop to grow. In
these cases, wood. is ﬁrobably nat a desirable nor a practical
sclution to home fuel needs, either on paper or in reality.

The assertions which have been made that it is ecologicalily
unacsirable to burn dung, compared to wood, are too simplistic.
The village of Nunoz in the Peruvian altiplano seems to have had
a stable system involving the use of dung as a fuel whieh dates
back for many hundreds of years. Written refererc2s to the use of
dung as a fuel in the Middle East date back at least 320292 years.
People in these areas have survived for a long periocd Surning
durig.

This is an issue of extreme complexity, about which we have
little kriowledge. Ferhaps, we are not correct in arbitrarily
saying that the poor should switch from cheap cuNng avc rice straw
to expensive wooc. Ferhaps, we should look at she possibility of
improving the ecological conseguences of Saving to burn these
crop and animal wastes. We must know more about tnis susject,

-
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believe, before we make arbitrary prescri#tions as to what is an
acceptable fuel and as to what is not acceptable.
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APFENDIX A

INDICATIVE ESTIMATES OF THE CO8STS
FOR FARMED WOOD UNDER DIFFERENT RAINFALL REGIMES

I. INTRODUCTION

Much of the fuelwood consumed in the developing world is
"mined" from naturally generated trees. Since these trees often
grow on land which has limited alternative uses their development
costs are virtually =zero. However, when mining of trees exc=ed
the natural regeneration rate additional fuelwood supplies can
cnly be produced by farming of trees. Farmed wood is likely to be
considerably more expensive tharn mined wood since dev=lopment
{plarnting and maintenance) costs will have to be iricluded in wood
price.

This appandix examines typical yields for various climatic
conditions and expected development costs in orcer to specity
indicative costs for farmed wood.

Il BIOMARSS PRODUCTION POTENTIAL

Various estimates have been mace for the theoretical maximum
biomass production potential.under different climatic conditions.
The estimates which are used for the calculations in this paper
are taken from the Holdrige life tables(11@).

Holdridge shows probable biomass production as a function of
rainfall, temparature and humicity-balance. Most of the couniries
af interest to AID are in the tropical areas where temperature is
sufficient for maximum biomass ~production potential. Thus,
biomass (wood) production potential is primarily degencent on the
average rainfall for the area.

Figure Two shows estimates of maximum biomass production
potential for likely field conditions. The data are derivec
largely from Holdridge’s tables, but are modified by ¥Fielc
experience in Africa and the Philippines.

III WOOD DEVELOPMENT COSTS

Field experience has shown that tree planting anc
maintenance (development) costs are also associated witn rainfall.
Trees survive and grow less well in arid climates. In aric areas
animals are more prevalent in the food chain and with scarce
biomass trees become a potentially important food for the
animals. Thus, there is more need for sree care anc protaction,
increasing the development costs.

Figure Three shows the assumec developmant costs per hectara
for trees planmted arcd mairntairned internsively ensupgh to oostain the

yielcs shown in Figure Two.

IV COST CF HARVESTED WOCD



Harvested wood costs, for indicative purposes, can ke
estimated by computing the cdevelopment cosis which mus:t Ee
;incurred and amortizing these costs over i$he exgecizd lifetime
vield of the trees. A comporent must be added to this For

harvesting excenses.

o

The annual yields used in this computation are shown in
Figure Two. The lifetime yields are computed as follows:

1. Rainfall below 720 mm
assume two harvests, at six and twelve years after
planting. Average yield is obtained from Figure Two.
2. Rainfall from 70@ to 12Q2mm
assume two harvests, at five and ten years afier planting.
Average yield is similarly obtained from Figure Two.
3. Rainfall above 12@@mm
assume three harvests, at four, eight and twelve years
after planting. Yield from Figure Two.

All development costs are converted to present value
estimates at time of planting arnd summed. This sum is counted as
total irnvestment and amortized over the life of the trees at
twelve percent a year, with payments assumed to fall cue at time
of harvest.

Figure Four shows the results of the estimation. The
relationship shown explains, clearly, why wood is so axpensive in
arid environments. In environments of less than 70Q@ to 822 mm of
rain per year, wood becomes more expensive thar petrolem on an
effective unit of heat basis.

These computations assume fairly high yields, relative to
current field experience, irn the low rainfall conditions. I%
seems unlikely that wood can be produced much more cheazly than
the ceosts indicated, at least, at the arid end of the scaies on
Figure Four.

These estimates do not include componerts for she cas:t of
transport nor for land rent. In areas close to cities lancd rerts
are likely to be high. For distant areas transport costs wiil be
significant. Similarly, in areas with little marginal land, rents
will add a significant component to wood costs.

These estimates should be used with care because they are
generalized and particular circumstances may charge some of the
factors involved. Nonetheless, they provice a gerecal picture as
to wood production costs and indicate why in some regiors tne
relative competitiveness of wood is likaly to o2 gooc and in
others to be poor.
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APPENDIX B

SUMMARY OF BIOMASS FOINTS IN
AID ENERGY FOLICY PAFER

AID recently published arn updated policy paper on energy.
This short note extracts the main points which that nager
contains with regard to biomass energy matters.

1. Page i, ci, para2. "These countries, especially the poorest,
share the commor problem of inadequate energy supplies-—-to fuel
economic growth and to cook food. ™

2. Page 1, cl, para2. "These requirements for energy have
led...[tol environmental degradaticn from an overexploited tra-
ditional fuel resocurce base.”

3. Page 1, c1i, parae.‘"QID will promote development of the most
cost-effective enerngy supplies...especially ir rural areas."

4. Page 1, c2, para4. AID will! "direct significant attention to
biomass fuels, and especiaily fuelwood research. "

<. Page 2, ci, para3. "And traditional fuels(fuelwood, charcocai,
crop residues, dung) are the principal source of energy for
cooking. "

6. Page 2, cl, para4. "...two major trends in energy have
nzgatively affected economic development...cepletion of wood and,
other traditional fuels tg/suppTy energy for domestic use."

7 -
7. Page 2, c2, paraé. “Jver the next two cecades, aopulation in
AID-recipient countries is likely to increase by rearly E2
percent, adding a massive new energy cemand on presently marginal
supplies.”

8. Page 3, c!, paral. "Fuelwood (wood, leaves, branches) is a
major source of energy for cooking, because it is an Nistorically
available source gathered without cash. Unfortunately, tne
sustainable supply of fuelwood is declining in many regicrns as an
expanding population clears land to increase food production and

supply fuelwonac.

9. Page 3, cl, parad. "The consequences of ceforestation nos only
affect domestic needs. Other results are soil cegracation...and,
in extreme cases, deseritification."

i@d. Page 3, cl, para3. "As shortages =of <racitioral fuals
increase, more and more human energy is recuired to collecs
energy, or to generate cash income to pay for fuel.,"

li. Fage 3, ci, para4. "For many couniries, nowaver, she
alternatives to using fuelwosd for cooking have limitaticns:
Burning crop wastes anc cung caeprive tne soil of orcanic
Tertilizers that, to mairtain preocuctiviiy, must be r2nlacec sy



chemical fertilizers at comsiderable cost.”

12, Page 3, c2, parad. This paper cites several factors as caus-—
ing energy problems Y...and most importantly, a lack of capitaX. "
. 13. Page 4, c2, para7. "AID will promote the most cost-efFfective
energy praject alternatives on the basis of comprenensive

economic analysis.”

14. Page S5, c2, paral. "Particular attention will be paid to the
energy requirements of rural areas supporting agriculture arnd
employment as well as to meet the need for domestic fuels."

153. Page 35, c2, para6. "RID’s orientatior gives it a particular
interest in energy activities cdirectly supperting the rural
econony..."

i6. Page €, ci, paraS. "ARID will...nhelp develsping counsries
undertake primary data collection to uncerstard aocw nuen erergy,
in what form, by what groups, and the likely sources to supzors
agricultural and rural development progrsm.”

17. Page 6, c2, para4. "AID will direct significan% attention to
biomass fuels, consistent with AID forestry policy...and $the need
to supply domestic energy. ARID should support efforts to expanc
producticn and conversicon of fuelwood, crop residuas, and
pessibly energy crops in countries with appropriate rescurces.”

18. Page 6, c2, paraS. "AID can help...[inl] defining the nature
and magnitude of the scarcity problem..."”

13. Page 7, c2, para9. "AID will uncertake a major Tue
research initiative." .

2@. Page 8, cl, para4. "AID will...analyze ecoromic, 7inancial,
social, and institutional issues surrcurnding fuelwooc zrocucsion,
marieting and distrisution.”

21l. Page 8, cl, para7. "AID will select erergy sysitems for
research and field testing with thz best ecorcmic potential
(without subisdies) to meet the most siznificans enc-uses. "

22. Page 8, c2, para&. AID will "...investigate the use of
biomass and other rerewable energy systems for urban
application.



COMMENTS CN THE 2OLICY PAFER
(BIOMASS CONCERNS ONLY)

I. OVERALL CONCEPT OF PARER

The paper moves the concept of the energy sector forward in
important ways. It recognizes the cwoking fuel problem and it
does not speak of a crisis, but rather a continuing and probably
worsening shortage/cost situation. See particulariy i, &, 7 and
19 above.

II. TECHNOLOGY DRIVE FOR FUELWOOD .

It speaks of the need for appropriate solutions and of
economic considerations. See 3, 13, 22 and 21 abave. The paser,
however, is technology driven by fuelwood. See 4, 17, 19 anc 22
above. While the paper recognizes that cCrop residus are cung are
fuels for the traditional secteor, except for a passing reference
to crop residues in 17, above, the emphasis is on fuelwcod with-—
out consideration as to its appropriateness nor to its cost. This
is probably the major weakness of the paper and will likely
result in significant misallocation of resources if a better
balanced view is not adopted.

IIT. RESTRICTED ENVIRONMENTAL CONCERTS

The environmental concepts regarding fuelwood and ceforestat-—
ion and burning of dung are one—siced. While the points being
raised are important, only one view of the situatior is pra-
sented. Thei'e is an important reed for bestiter balance. See 2, 8,

9 anc 11 aoove. :

IV. FUELWOOD GATHERING AND DEFCRESTATIUN

The view is maintained, though sofiened that fuelwood is an,
important cause of deforestation. Available evidarnce, which.ig
imperfact but plausible, suggests that very little of tropical
ceforestation relates to fuelwood gathering. This is not really a
major point in the paper, but it does continue a mind set which
is somewhat off the mark. See 8 above.

V. NEED FOR BETTER DATA

The paper makes some important points orm the reed For petter
data collection. See 16 and 18. Given our limited uncerstancing
of the traditional fuel sector and of aporopriate response to
scarcity, more emphasis should pvobably be civen to cata collec-
tion as part of or a preconcdition for fuzl relatec assistarce
progjects.

VI HCLISTIC VIEW OF BIQOMASS DRODUCTICN

The interaction of biomass use and sroduction for “uel wish

432
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sigmass us2 and zreduction Tor fFood, feez, fariilizer, oonm-
struction materials, etec. iz fToucned ovn only irscfar as s-ewrs is
& concery exsrassec about the burninz of Zunz art croa resifues
the fertilizer interaction). Limited sicmass 2rocuctive cazacity
must be allcoccated irn a mannmer o meet a varisty of Luman r=eds.

Fual use and production cannot, iv many envivraorments, be sepa-
rated Trom these other uses. There is a rneed for a holistic view
oF biomass production which is almost completely absent in this
oaper,



ARRFFENDIX C
COMMENTS ON BANGLADESH ON-FARM FORESTRY PID
APPROVED OCTOBER, 1984
T« INTRODUCTICN

This brief paper will review the Bangladesh Farm Forestry
PID and make comments as to subjects which were not well
discussed in the PID. The primary purpose is to show by concrete
example the program implications of some of the findirigs “rom the
wood energy review.

II. MAJOR POINTS IN THE PID

The emphasis in this section is on the 2ID’s averall
perception of the situation and of ihe appropriate corractive
actions.

R.Stated Goal-—~Improve the well-being... Zofl rural populas-—
ion by increasing overall production of forest resources %o...per
capita...lfavailability ofl fuelwood reaches 9 cu. 5. (See
logframe.)

B. The FID argues that if the burning of dung and crsop
residue is to be eliminated it will be necessary to supply 9 cu.

-

ft. of wood per capita for cooking. (See nage 3 anc logframe.)

C. The PID indicates a cortinning ceclire ir. per capita
consumption of wood and arn increasing ftencercy for the rich to no
longer allow the poor to gather straw from their lancs for ‘usl
purposes. Bangladesh is saif€ to be cre of the worldé’s lowes:t iw
Tuelwooc consumption per capita. Figures showing Nigher levels in
India, Sri Lanka, etc. are given as Justifying incrzasing the
Bangladesh fuelwood supply. (See page 3.)

D. The FID states that the effecis of ihe prog il se
felt after 15 to 30 years when researcn anc instisu
capabilities will mature. (See page 4.)
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E. Assistance will go to the Bureau =f the Forestry.

F. There is an assumption that on-farm trees zre seing cus
down at a rate § to 12 greater than the rate at which they are
planted. (See page 3.)

G. It is stated that the poor families without agriculiural
land carn benefit from the progject tecause they canm srow wose o
their homesteads. (See zage 12.)

H. The PID cites a peoulation carsiity, averall, Tor

Barmcgladesh cof 170@ cezplz zer sguarsa i {See pac=2 Z.)



IIZI. COMMENTS

A. Currently fuel wood consumsition in th2 rural arsas cf
[d

Bangladesh is very low. Such wood as is burnecd is bHurned by the
larger landawners.

B. The stated goal of a supply of 9 cu. Fi. per o
be enough to supply almost 1@02% of the rural areas cooki
reguirements.

C. Currently supplies of cooking fuels in the rural areas
are severely constrained. Conseguanily, whatever bicmass that can
te founc is burned, this means use of rice straw, jute siicus,
weeds and so forzth.

2. The constraint of coocking fuel availanility apzears o5 b=
rer capita biomass production potential arnd the competing uses 3
which that producticon potential must be put.

E. Micro studies have suggestzcé that homestead aresa
available for biomass growth is severely restrictec, esecially
for the poor and that all available area is already us=c.

F. Simple c¢”: 1 :ions, assuming mocerate fuelwooc yielzds,
suggest that, wit current population, about (2% of ftosal
land area would t.: o be planted to trees to meet the per
capita target of 9 cu. #t. In the time frame of the project (1S

to 3% years from now) tne percent of land needec to meet those
fuel wood targets for the larger pspulatioa would be in the rance
of 2@ to 24%. These percentages are with reference to total area,
if corections are made to excldde land occupiad by housing,
stireams, ronads and so forth the percentazes would increase to at
least 14% for today’s populiation and 25% for the Ffuture.

IV. CONCLUSICNS AND RECCMMENDATIONS

It is doubtful that wood is tne answer to the cooking fuel
problem. Currently the people rely, in large measur=z2, on residusas.
They use available land only for irees which aroduces food and
fodder and construction materials. The wealthy burn some of the
praoducts from these trees, but rnot nmuch. The amount of land
required to produce fuelwood is very large in an environment
where population is bumping against the limitation of toial
biomass potential.

It seems highly likely that a multipurpose crop, prodasly
rice, will continue to supply the local fuel neads. Larc musi be
put to the highest procductivity use anc currenily fne farmers
cecide that the highest value use is rice. I couss that ihe
Tarmers are wrong. Homesteac areas are very mocesi, Sut avern so
the homesiead’s lang is used for highsr value ouipuss. Whsm $hs
outouts are from trzes, they are conssruction woiss, Tedais, s
times fodder and pernaps medicines. Fulwood is oo low inm va-us
to compate for this high gquality aroccucticon area.

(R



Thus, the PID proposes a project to pDursua what is srabadly an
inappropriate solution to the cooking Tuel proalem. It procoses
spending rasources on research ard cemonstration onm o clant wnich
currently pravides a very small portism of fuel anc thas Mmastly
for the wealthy. This is a situation which is sikely o remairn
that way irmto the future.

Nonetheless cooking fuel supply is a major proSlem which
faces Bangladesh. We do not understard very well the cuesticn of
how to achieve optimum allocation of limited biemass srocuction
potential so as to produce the maximum social good. I would
suggest that this project be modified 4o examine +he ouestion of
procucing required fuel supplies within the context =F a =olistinm
view of the biomass production notertial. Further, thz cefinmition
of fuel should be expanded to incluce any biomass suitakle Taor
burning. Fuel use should be examined in conzetition with food,
feed and fertilizer and perhaps corstruction material.

This would provide the cpportunity for Sreaxing scme rew
grounc for the countries such as Bangladesh which are reaching
the point of total supportable population without major overall
changes in biomass production technology.



