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California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



LBL-27222 

• 

BIOMASS FUELS IN THE DEVELOPING COUNTRIES: 
AN OVERVIEW 

Stephen Meyers* 

Applied Science Division 

Lawrence Berkeley Laboratory 

1 Cyclotron Road 

Berkeley, CA 94720 

Gerald Leach** 

International Institute for Environment and Development 

London, England 

. July 1989. 

• Staff Scienlist.lnlemalional Energy SlUdies Group, Energy Analysis Program. 
•• Senior Fellow. 
This worlt wu IIUppOited by the Office of the Assistant Secretary for Environment, Safety, and Health of the U.S. Depanment of Ener­
gy IDider Coatrac:l No. DB-AC03-76SRl0098. 



ABSTRACT 

This report presents an overview of what is known about current patterns of biofuels supply 
and use in the developing countries. We illustrate the diversity of biofuels use, and discuss how 
use changes with urbanization and commercialization of biofuels. We present infonnation on 
sources of biofuels, describe the basic technologies employed for using biofuels, and discuss the 
key factors involved in assessing change in biofuels use over time. We present biofuels con­
sumption data from a number of surveys, and discuss the main factors that shape the level of use 
of different biofuels. We discuss the responses of rural people to the increasing fuel wood scarcity 
that is occurring in many parts of the developing world. We describe the transition from biofuels 
to modem fuels that occurs in cities, and discuss the factors that inhibit this transition. We 
present estimates of national biofuels consumption for 17 of the largest biofuels-using countries 
and for larger regions. We discuss the relationship between human use of biofuels and green­
house gas emissions. Lastly, we present a discussion of policies designed to affect biofuels sup­
ply and demand, describing the experience with and prospects for increasing biofuels supply, 
improving end-use efficiency, and encouraging the transition away from biofuels. 
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1. INTRODUCTION 

Over two billion of the world's people depend on biomass fuels ("biofuels") such as wood, 

charcoal, crop residues, and animal dung for their daily energy needs. Annual consumption of 

biofuels. in the developing world is uncertain. We estimate it to be around 26 EJ, which is 

equivalent to about one-third of total developing country modem fuels consumption. (1 EJ is 

approximately 1 quadrillion Btu.) In many developing countries, biofuels consumption dominates 

the national energy balance, though this is mainly due to the low efficiency with which biofuels 

are used. 

Biofuels are primarily used by the poor. Throughout the developing world, people with 

sufficient income and access to modem fuels are switching away from biofuels for reasons of 

convenience, cleanliness, and status. For many people in rural and urban areas of developing 

countries, however, this is not a viable option. At the same time, woodfuel resources are dwin­

dling in many places because of deforestation caused by the need for farming land, over-grazing, 

commercial logging, uncontrolled fires, and tree cutting for fuel. As wood resources diminish, 

the costs of obtaining woodfuels, whether in cash or time for gathering them, are imposing severe 

and increasing strains on already marginal household survival and production strategies. 

This report presents an overview of what is known about current patterns of biofuels supply 

and use in the developing countries. This task is complicated by several factors. One is the con­

siderable lack of detailed knowledge regarding supply and use of different biofuels, the extent to 

which these are shaped by various factors, and how supply and use patterns are changing. We 

discuss this problem briefly below. Another factor that makes analysis difficult is the substantial 

degree of diversity that exists in the nature of biofuels supply and use among and within coun­

tries. A third feature of biofuels consumption that makes complicates analysis is the variety of 

uses to which biofuels are put (such as domestic cooking, space heating, household income­

earning activities, rural industrial use, and urban commercial use), and the difficulty of clearly 

dividing up consumption among uses. The combination of these factors means that one must be 

cautious in making general conclusions. We have attempted to be as conclusive as possible, 

while also highlighting the lack of definite knowledge. This report is, we believe, a reasonable 

statement of the current understadding of a phenomenon that is, in the final analysis, not very 

well understood . 

Report Organization 

Chapter 2 following this introduction presents an overview of biofuels use in the developing 

world. It illustrates the diversity of biofuels use, and briefly discusses how it changes with urban­

ization and commercialization of biofuels. It presents some information on sources of biofuels, 

describes the basic technologies employed for using biofuels, and discusses the key factors 

involved in assessing change in biofuels use over time. 

Chapter 3 discusses household biofuels use in rural areas, where biofuels are the predom­

inant energy source. It presents consumption data from a number of surveys, and discusses the 
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main factors that shape the level of use of different biofuels. It also discusses the responses of 

rural people to the increasing fuel wood scarcity that is occurring in many parts of the developing 

world. 

Chapter 4 discusses household biofuels use in urban areas, where biofuels are usually one of 

many available energy sources. It describes the transition from biofuels to modem fuels that typi­

cally occurs in cities, and discusses the factors that inhibit this transition. 

Chapter 5 presents estimates of national biofuels consumption for 17 of the largest 

biofuels-using countries and for larger regions. It discusses the main sources of data, and the 

difficulties with these souoces. 

Chapter 6 discusses the relationship between human use of biofuels and greenhouse gas 

emissions. We include this due to the current high level of interest in the greenhouse effect that 

appears to be occuring largely as a result of human activities. We discuss particularly how the 

impact of biofuels use on C02 emissions varies according to the source of biofuels. 

Chapter 7 concludes the report with a discussion of policies designed to affect biofuels sup­

ply and demand. We describe the experience with and prospects for increasing biofuels supply, 

improving end-use efficiency, and encouraging the transition away from biofuels. We highlight 

the importance of designing policies and programs that are sensitive to the broad context in which 

they are to be ·effective, that are based on local assessments and actions, and that seek to reach 

underlying causes rather than simply heal symptoms. 

Uncertainty Regarding Biofuels Use 

Before proceeding, it is advisable to briefly discuss the considerable lack of knowledge 

regarding supply !llld use of the various biofuels. This stems from the fact that biofuels produc­

tion is, in contrast to modem fuels, highly decentralized. In rural areas, biofuels are typically col­

lected directly by the users. In urban areas, biofuels are usually sold in well-organized markets, 

but there are numerous sellers and no centralized record-keeping of quantities sold as is the case 

for modem fuels. 

Given this situation, biofuels consumption must be estimated based on surveys of house-
l 

holds or other sectors. This is problematic, however, as sample sizes are often small_ or pertain to 

a specific region. As variation among specific sites is usually large, extrapolations from a few 

surveys to national averages is hazardous (though common). There are also difficulties with 

using survey results. Measurements of quantities consumed have differing degrees of reliability, 

and there are problems in conversion to common weight, volume, or energy units. Large surveys 

are most useful in tenns of developing a broad understanding of patterns of biofuels use, but these 

often have the most difficulties with respect to reliability of measuremenL 

Perhaps most problematic is that there are few cases of comparable repeat surveys of the 

same location or region. This lack makes it difficult to draw definitive conclusions with respect 

to trends in biofuels use. There is also a lack of survey infonnation on the souoces of biofuels 

that inhibits understanding the relationship between biofuels use and the biomass resource base. 
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Despite these difficulties, the large number of surveys that have been made over the years, 

along with considerable infonnation from observation and experience, do allow the careful 

analyst to make some important statements regarding biofuels use. While this is the case, it 

should not obscure the fact that much carefully focused "on-the-ground" research is needed in 

order to develop a better understanding of the ways in which biofuels use is evolving in the 

developing world. 
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2. OVERVIEW OF BIOFUELS USE 

Biomass fuels are extensively used by rural and poor urban households in Asia, Africa, and 

Latin America. Although reliance on biofuels is gradually giving way to use of modem fuels like 

kerosene and LPG in many Third World cities, biofuels still provide the basic energy needs of the 

poor in much of Asia and Africa, and are also used (in combination with modem fuels) by more 

well~ff households. In addition to household consumption, biofuels are also used in many areas 

by rural industries and by commercial enterprises in towns and cities. 

There are broad general differences in patterns of use across the continents. In rural areas, 

use of crop residues and animal dung is more common in Asia, while wood tends to be more 

available in Africa and Latin America due to the historically lower population density. In urban 

areas, charcoal use is very important in Africa, fuelwood is used in large quantities in many Asian 

cities, while biofuels are comparatively less significant in Latin American cities (and also in 

Chinese cities, where coal is the predominant household fuel). 

There is also considerable variation in the nature of biofuels use within these large regions, 

as well as within countries. The approximate levels of per capita rural biofuels consumption in 

broad regions of the developing wodd are given in Table 2-1. The consumption ranges are based 

on a study of nearly 350 household surveys and rough estimates for 88 countries done by the UN 

Food and Agriculture Organization (de Montalembert & Cement, 1983). Key features are the 

higher consumption for cold mountain areas, reflecting space heating needs, and for the warmer 

regions of sub-Saharan Africa and Latin America compared to north Africa, the Middle East, and 

Asia, reflecting more abundant biomass resources. The lower proportion of biomass in total 

household energy use in Latin America- 50-65% versus 80-95% in most of rural Asia and 

Africa - is a result of greater rural incomes, infrastructure development, and access to modem 

fuels. Elsewhere, biomass is typically 80-95% of total residential consumption, the remainder 

being mostly kerosene or occasionally electricity for lighting. The heavy dependence on crop 

residues and animal wastes in Asia reflects low forest and on-farm tree resources. 

The nature of biofuels use varies from one location to another depending on the biofuel 

resource availability, modem fuel availability, and household income, to name three key factors. 

Each of these, of course, is shaped by a number of variables. Biofuel availability is determined 

by geographic and climatic factors, as well as by the historic human use of the resources. In 

many places, areas that were once forested are now largely denuded of trees (not necessarily due 

to fuel wood gathering). Increasing scarcity of wood in rural areas typically leads to greater use of 

lower quality wood, crop residues and animal dung. In urban areas, biofuels are typically not 

freely available in the immediate vicinity, and wood or charcoal are brought in, often from con­

siderable distances. Availability of modem fuels is generally better the more urbanized the set­

ting, but this also varies with country-specific factors (e.g., whether the country is an oil-producer 

or importer). Household income increases with the level of development, but differences in 
income distribution can result in varying patterns of biofuels use from one country to another. 
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Table 2-1 
Rural Household Energy Use: Annual Regional Averages 

Region 

SUB-SAHARAN AFRICA 
Lowlands 
Uplands (> 1500 m) 

N.AFRICA & MIDDLE EAST 
Large consumersb 
Small consumersc 
Mountain areasd 

ASIA & FAR EAST 
Desert & sub-desert 
Dry tropics 
(Animal wastes:%) 

Moist tropics 
(Animal wastes: %) 

Mountain areas 
(Animal & crop wastes:~) 

LATIN AMERICA 
Hot areas 
Temperate areas 
Cold areas 

Source: Montalembert & Clement (1983) 

Per capita biomass 
consumption 

(m3 wood equivalent)3 

1.0-1.5 
1.4-1.9 

0.2-0.8 
0.05-0.1 
up to 1.5 

0.3-0.5 
0.65-1.05 
(70-30) 
0.85-1.3 
(65-30) 
1.8-2.1 
(30-10) 

0.55-0.9 
0.7-1.2 
0.95-1.6 

Per capita 
total energy 

(GJ) 

10-14 
14-18 

2-8 
0.5-1 

up to 15 

8-12 

17-20 

10-14 
12-17 
18-23 

8 Firewood plus primary wood to produce charcoal plus wood equivalent of crop residues and animal wastes. 

b.runisia. Iraq, Morocco, Algeria. Turkey. 

cLebanan. Egypt, Jordan, Syria. S & N. Yemen. 

dN. Africa. Iraq, Turkey. 
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Biomass 
share 
(%) 

95-98 
90-95 

small 
small 

small 
80-90 

80-90 

90-95 

50-60 
55-65 
50-65 
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The level of per capita biofuels consumption and the mix of fuels in rural and urban areas 

are shaped by many interrelated factors that vary from place to place. These include: 

• Settlement size and/or rural proximity to roads or large towns, which affects access to 

modem fuels and end-use equipment. 

• Household income or, in rural societies, ownership of assets such as land or cattle. 

• Household size, due to economies ofscale for end-uses such as cooking and space heating . 

• Fuel costs for biofuels and alternatives, in cash or in time for fuel gathering, and costs of 

energy equipment. 

• The significance of end-uses other than cooking, especially space heating. 

• End-use technologies, especially the thennal efficiency of cooking. 

• Climatic factors, which affect space heating and drying needs. 

• Culture and tradition, e.g., diet, cooking habits, and the use of fires as a social focus. 

Unfortunately, a combination of poor or partial survey data makes it impossible to relate 

consumption to this list of variables in any rigorous way. Detailed energy surveys that consider 

most of these variables are invariably for small and almost ceminly atypical samples. On the 

other hand, large nationally representative surveys usually include infonnation only on household 

income and size, with a crude rural-urban split, and thus miss out on some of the most influential 

factors of demand. 

The diversity in biofuels use within a single country can be considerable, as illustrated by 

an unusually comprehensive national survey done in Ethiopia (CESEN, 1986). Differences in 

biofuels use are to be expected between rural, small urban, and larger urban settlements, though 

Ethiopia is an example of a very poor country where fuelwood use is very high even in urban 

areas. What is striking is the large range of average per capita consumption of different biofuels 
among settlements of similar size (see Table 2-2). 
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Table 2-2 
Range of Per Capita Biofuels Consumption in Ethiopian Settlements, 1985 

(GJ per year) 

Fuel wood Tree Crop Dung Charcoal 
Residues Residues 

Rural settlements 0.2-32.7 0-10.1 0-8.1 0-9.0 
Mean 11.7 2.6 1.2 2.2 

Small urban 
settlements 3.6-22.5 0-10.3 0-2.5 0-2.8 0-1.4 
Mean 10.0 1.8 0.2 0.4 0.4 

Medium-to-large 
urban settlements 2.2-14.3 0-2.6 0-6.2 0-3.2 0-4.1 
Mean 7.0 0.6 0.2 0.2 1.0 

Source: CESEN, The Rural/Urban Household Energy Survey, 1986 

The national survey covered 38 rural settlements with population ranging from 228 to 3,163; 

19 small urban settlements with population ranging from 555 to 3,932; and 24 medium-to-large 

urban settlements with population ranging from 5,266 to 265,000. 

2.1. The Rural· Urban Distinction 

· It is helpful in considering biofuels consumption to distinguish between rural areas, where 

biofuels are the primary energy source for households and commercial enterprises, and urban 

areas, where non-biomass fuels are more readily available and biofuels tend to be mainly a "poor 

man's fuel." There is no clear line of demarcation between an urban and a rural situation, how­

ever. Instead, there is a gradation according to urban size and the associated state of infrastruc­

ture development for distributing modem fuels. Small towns that are considered "urban" for sta­

tistical purposes generally have patterns of energy use that have much in common with rural set­

tlements. Supply of kerosene or LPG may be inconsistent, or the cost of modem fuels and equip­

ment to use them may be too high for most residents. The nature of the biomass resource sur­

rounding urban areas is also a factor. 

The gradual change in reliance on biofuels with urban size is illustrated by a national survey 

of India in 1979 (Natarajan, 1985). In cities with population of 20,000-50,000, 38-39% of 

residential energy use was met by modem fuels. In those with 50,000-200,000, the proponion 

jumped to 56-58%, with an increase to 66% in cities of 200,000-500,000, and to 75% for even 

larger cities. A similar pattern is seen in survey results from Pakistan (see Table 2-3), with an 

even more striking decrease in the use of biofuels in cities with over 200 thousand people (which 

refers mainly to Karachi); here the extent of natural gas distribution is an important factor. 
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Table 2-3 
Energy Consumption for Cooking and Heating by City Size 

Pakistan (Sind Province), 1980 
(percent) 

City size Biofuels Kerosene Nat. gas LPG 

Under25 k 93.4 1.9 1.1 2.4 
25-50k 76.7 5.8 10.9 3.8 
50-100 k 62.7 7.3 25.6 2.5 
100-200k 67.0 3.4 24.4 3.4 
Over200k 25.4 33.3 36.9 2.4 

Source: Government of Pakistan (1982) 

While the distinction between rural and urban is a matter of degree, it is nonetheless impor­

tant for a number of reasons. One is the shift in the sources of biofuels as one moves from "very 

rural" to "very urban" settings. Urban fuelwood and charcoal supplies are much more likely to be 

based on wood from felled trees rather than the branches, twigs, and roots that are predominant in 

the countryside. Although for most countries the total magnitude of biofuels use is much greater 

in the countryside than in the cities, the latter often have a disproportionately large effect on runt! 

deforestation. 

2.2. Commercialization of Biofuels 

A distinction that is similar to the urban/rural one but perhaps more meaningful is that 

between commercial and non-commercial biofuels consumption. Non-commercial consumers 

gather woodfuel from their surroundings, while commercial consumers pay (in cash or by barter) 

for the fuel that they use. (Fuelwood gatherers may sometimes hire a donkey or truck to gather 

wood from a distant source.) In practice, many households gather or buy woodfuels at different 

times of the year, depending on their available time and cash. 

Commercialization of fuelwood tends to cause increased pressure on forest resources and 

may exacerbate depletion of forests and degradation of forest quality. On the other hand, the 

existence of commercial markets for woodfuels is an important factor in the success of rural tree­

growing efforts. People who pay for fuel are also·more likely to be interested in measures to 

improve end-use efficiency. 

Commercialization of biofuels changes the nature of wood exploitation; it becomes "more 

selective of tree species, whether for charcoal production or the urban consumer, and it is also 

more wasteful of the wood resource. It also diverts woodfuel from subsistence use as poor people 

in areas of short supply sell their wood to higher income groups in the towns" (Morgan, 1983). In 

Bangladesh, for example, villages near cities sell firewood for urban markets and shift to the use 

of crop residues and dung for their own needs (Islam, 1983). 
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The degree of woodfuel commercialization is uncertain but undoubtedly varies greatly 

among countries. In most countries, urban woodfuel consumption is predominantly commercial, 

though this becomes less the case as one moves from larger to smaller cities. In the rural areas, 

the degree and rate of commercialization varies greatly. In the poorer countries, few rural people 

other than teachers and government officials pay for fuelwood for household use. In Tanzania, 

for example, only a few percent of the rural population buy their wood (Nk.onoki, 1983). With 

rising incomes, wealthier farmers or rural business people may buy their fuelwood rather than 

have their families exi>end time and effort collecting and preparing it. Thus, woodfuel commer­

cialization does not necessarily indicate woodfuel scarcity; it may simply mean that some of the 

people in the area are becoming richer. In villages that have intense commercial activity, people 

may buy wood to carry out activities that have high energy requirements. 

A national survey in India in 1978-79 found that 15% of rural firewood was purchased; as 

would be expected, the commercial share was much higher for firewood logs than for small 

branches and twigs (Natarajan, 1985). In Guatemala, a 1979 survey found that 29% of the rural 

population purchased woodfuels (Bogach, 1981), while in Nicaragua, a survey found that 40% of 

rural consumers bought some or all of their wood (van Buren, 1984). The above national aver­

ages obscure the fact that the degree of biofuels commercialization is often location-specific. In a 

survey of 23 villages in Bangladesh, for example, the percentage of biomass energy that was pur­

chased ranged from 3% up to 37% (Islam, 1980). 

2.3. Sources of Biofuels 

The extent of commercialization of biofuels is difficult to assess because very few countries 

have adequate data to assemble a clear picture of the sources of biofuels. Even the most detailed 

village energy consumption surveys usually fail to collect infonnation on supply sources: for 

example, whether firewood comes from common land or private on-farm trees, is gathered or pur­

chased, or involves the felling of trees rather than the collection of twigs and brushwood. The 

lack of infonnation can lead to serious misconceptions about issues such as the impact of fuel­

wood gathering on deforestation. One must be aware, further, that the relative importance of 

sources changes over time as the supply/demand balance shifts. 

Examples of national portraits of the biofuel supply situation as of around 1980 come from 

India and Bangladesh. These are countries where crop residues and animal dung play equivalent 

or more important roles than firewood, and are thus atypical. 

India. Results from a national survey in India for 1978-79 (see Table 2-4) indicate that 

firewood accounted for about half of total biofuels supply for households (on a weight basis; the 

figure would be somewhat higher on an energy basis). Animal dung accounted for 36%, and crop 

residues accounted for 16% of supply. Use in rural areas was 89% of total consumption. (We are 

not aware of the definition of "urban" in the survey.) As one would expect, the share of fuel wood 

in total biofuels consumption was much higher (72%) in urban than in rural areas (45%). Dung 

accounted for 23% of total biofuels consumption in urban areas, reflecting the high degree of 

poverty among the urban poor. 
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Table 2-4 
Biofuels Supply for Households in India, 1978-79 

(million tons per year) 

Firewood Firewood Crop 
logs twigs residues Dung Total 

RURAL 
Total 20.11 58.75 29.53 66.76 175.15 
Purchased 8.65 3.29 0.38 1.49 13.81 
Collected 11.46 55.46 29.15 65.27 161.34 
Collected from: 
Own land 5.24 19.06 17.56 51.63 93.49 
Neighbor's land 0.29 3.04 11.59 14.92 
Forestland 4.65 18.93 23.58 
Roadsides, etc. 1.28 24.43 13.64 29.35 

URBAN 
Total 11.50 4.20 1.09 4.95 21;74 
Purchased 11.06 2.55 0.18 2.33 16.12 
Collected 
Collected from: 
Own land 0.20 0.57 0.64 1.80 3.21 
Neighbor's land 0.01 0.09 0.27 0.37 
Forestland 0.18 0.56 0.74 
Roadsides, etc. 0.05 0.43 0.82 1.30 

TOTAL 31.6 62.9 30.6 71.7 196.8 

Source: Natarajan (1985), presented in Leach (1987) 

Of the total firewood supply, small branches and twigs accounted for two-thirds and logs 

one-third. The share of logs was about 25% in rural areas, but nearly 75% in urban areas, where 

most of the firewood is purch~ rather than collected. Even in the rural areas, however, about 

40% of the logs were purchased, which may reflect both the extent of scarcity of such wood and 

the existence of commercial woodfuel markets for rural businessmen, professionals, and others 

who would rather buy wood than collect it. 

Of the total firewood logs supply of 32 million tons (MT). 12 Mf were collected (nearly all 

in rural areas). About half of the collected firewood logs in rural areas came from the person's 

own land, while most of the rest came from forest land. Other data show that less than 15% of 

collected logs involved the felling of trees; the rest came from cutting large branches (which may 

have kept the tree at a small size and inhibited its growth or even contributed to its death). Of 

those who felled trees, around 25% said they 'always' or 'occasionally' replanted them, though 

this claim is somewhat suspect Since 1978-79, there has been a transition away from firewood 

in urban areas (see Chapter 4 ), and total consumption of purchased logs may have declined. 

In Bangladesh, firewood is less important than in India. A national survey in 1980-81 indi­

cated that crop residues accounted for 66% of total biofuel supply (on an energy basis), dung for 
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16%, and woodfuel for only 17% (see Table 2-5). The survey included industrial and commercial 

use, which accounted for _24% of total consumption. Among households, rural areas accounted 

for 87% of total consumption, a similar figure to India. Nearly half of the household fuelwood 

demand was by urban households, so the share of logs in total fuel wood supply was nearly 75%. 

But of the firewood logs, only one-sixth came from public forests and can be assumed to have 

been felled directly for fuel. Most of the logs came from village trees, which are more likely to 

be managed for sustained harvest. 

Table 2-5 
Biofuels Supply in Bangladesh, 1980-81 

(PJ per year) 

Firewood Firewood Crop 
logs twigs residues Dung Total 

SOURCE: 
Cropped area 289 289 
Village trees 42 23 66 
Public forest 10 10 
Fallow 5 4 7 
Other 4 26 78 108 
Total 61 23 318 78 480 
(Households) 42 23 225' 78 367 
(Urban households) 31 17 48 

Source: Islam (1986) and BEPP (1985), presented in Leach (1987) 

Studies of the large Indian cities of Hyderabad and Bangalore that were done around 1980 

confinned that urban firewood supplies are based primarily on logs from felled trees rather than 

the twigs, branches, and roots from standing trees that are predominant in the countryside (Alam 

et al., 1985). The main suppliers of firewood were private contractors obtaining supplies largely 

from private land-owners, not government Forest Departments. A major part of firewood sup­
plies originated from considerable distances. In Bangalore, for example, one-half of total sup­

plies came from between 120 and 300 km from the city, while in Hyderabad 55% of total sup­

plies came from- areas over 100 km from the city. (Of course~ the same could be said for many 

basic commodities.) Most of the transport was by truck. While neither case study included direct 

observation of the state of the forest resource in supply areas, the researchers concluded that some 

degree of deforestation was most probable. 

2.4. Cooking with Biofuels 

The main end-use for biofuels in most parts of the· developing world is domestic cooking. 

The technologies employed to use biofuels for cooking range from simple 3-stone fires, which are 

the most common technology in rural areas, to improved metal stoves whose design comes from 
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laboratory testing. Of course, the stove is a part of a larger cooking 'system.' With a given tech­

nology, the amount of fuel required to perform a task can vary greatly according to the care taken 

with fire/stove management. Fire management can involve wind shielding (cooking indoors, or 

outdoors with wind screening), quenching the fire after use, and feeding the fire at the optimum 

rate to produce the required power output The attention given to fire tending depends in part on 

the demands of other domestic tasks. Fuel use is also affected by the fit between the stove and 

cookpots, use of pot lids, and the use of aluminum versus less-efficient clay pots. The condition 

of the stove is also an important factor. 

Average cooking efficiencies measured in laboratory tests and field measurements exhibit 

considerable variation, as shown in Table 2-6 (based on a variety of sources).1 For wood stoves, 

field measurements show a range of 13-15% for '3-stone' open fires (this is based on a limited 

sample; the actual range is undoubtedly much larger), 8-14% for mud/clay stoves, 13-16% for 

brick stoves, and 20-30% for portable metal stoves. Field measurements for charcoal stoves 

show a range of 15-25% for clay/mud stoves and 20-35% for metal (lined) stoves. Measured 

efficiencies of kerosene stoves range widely from 20% to 55%, depending on the stove type, 

while the range for LPG stoves is 40-60%. 

The efficiency in the field of traditional cooking technologies can vary greatly depending on 

fire or stove management. With careful management, the efficiency of such technologies can be 

higher than that of "improved" stoves, which, however, are somewhat less sensitive to the degree 

of management. 

1 Efficiency refers to the ratio of energy absorbed by the end-use task to the energy content of the fuel. 
This combines combustion and heat transfer efficiency. The wide range of efficiencies reported in the litera­
ture results in part from use of different test procedures or comparison of different types of stoves. 
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Table 2-6 
Average Cooking Efficiencies for Household Stovesa 

(percent) 

FueVStove Type 

Wood 
Open fire (clay pot) 
Open fire (aluminum) 
Mud/clay 
Brick 
Portable metal stove 

Charcoal 
Clay/mud 
Metal (lined) 

Kerosene 
Single wick 
Multiple wick 
Pressurized 

LPG 

Electricity 
Single element 

Source: Leach & Gowen (1987) 

Laboratoryb 

18-24 
11-23 
15-25 
25-35 

20-36 
18-30 

20-40 
28-32 
25-65 

38-65 

55-80 

5-10 
13-15d 
8-14 
13-16 
20-30 

15-25 
20-35 

20-35 
25-45 
25-55 

40-60 

55-75 

(a) A.ssunUng alwninum cooking pots unless otherwise indicated. 

(b) Mostly from water boiling tests. 

(c) Generally reflects cooking cycle tests. 

(d) Based on a very limited range of field tests; actual range is 

c:ertainly much larger. 

The costs of stoves vary widely depending on the type, size, quality of materials and work­

manship, and local factors. The cost of wood stoves can range from less than US$1.00 for a sim­

ple scrap metal type to as much as US$60 for a modem, heavy metal oven. Experience in a 

number of countries indicates that improved wood and charcoal stoves can be produced and sold 

for anywhere from US$1 to US$15. The relationship between the cost of various wood and char-
-- -· -

coal stoves and kerosene and LPG stoves also varies considerably among countries. 

Change in cooking devices may be motivated by economic and non-economic factors. 

Reduction in indoor smoke emissions, which appear to be a major cause of health problems in 

many places (Smith, 1987a), is an important example of the latter. Where traditional stoves 

cause large smoke exposures, most post-dessemination surveys have found that reduced exposure 

is cited by users as often as improved efficiency to be the largest benefit (Smith, 1987b). While 

improved efficiency and lower smoke exposure are in general compatible goals, there are trade­

offs between improved efficiency and reduced smoke emissions in many stove designs. 
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2.5. Change in Biofuels Consumption 

Changes in the overall quantities consumed of different biofuels can be the result of a large 

number of often interrelated factors. On the demand side, important factors include: (1) popula­

tion growth; (2) the extent and type of urbanization (i.e., focused on small or large cities); (3) the 

transition to modem fuels within urban areas, which is affected most by household income and 

fuel availability; (4) the cost of using particular biofuels, which involves money for fuel and 

equipment and/or time for fuel collection; and (5) change in biofuels usage habits or technology. 

The cost of using biofuels is shaped by the relative scarcity of particular biofuels, which tends to 

be reflected in market prices in urban areas or in difficulty of collection in rural areas, and, in 

some situations, by issues of access to resources. 

Change in the sources of biofuels depend on the co-evolution of the biomass resource base 

with biofuels demand. For urban centers, the mix of sources of woodfuels can change 

significantly in a relatively short period of time. The following model is a reasonable description 

of the evolution in many African cities. In stage one, population is low compared to tree 

resources, wood is plentiful, and prices remain low. At some point, tree clearance, principally for 

crop and grazing land, but also for timber and fuel, leads to significant deforestation around the 

city. Harvesting and/or transportation costs increase and retail prices rise. As the outreach dis­

tance for firewood incre~s. a charcoal trade may begin_ or expand rapidly. The switch to char­

coal reduces unit transport costs and greatly expands the area from which resources can be drawn 

economically. But owing to the generally low conversion efficiency of wood to charcoal (which 

is only partly made up for by the higher end-use efficiency of charcoal stoves), it also intensifies 

pressures on wood resources, and may lead to intense tree "mining" for fuel rather than the use of 

"surplus" wood from fann clearance. Since suitable charcoal resources can be mined out quite 

suddenly, prices may rise very quickly. For example, in Dares Salaam, Tanzania, charcoal prices 

rose by a factor of 2.7 in real tenns between 1980 and 1983 (FAO, 1987). This is stage two, 

where rapid price increases are found alongside rapid deforestation. In stage three, woodfuel 

prices are high but are capped by the prices of alternative fuels and may be quite stable or even 

fall. 

In rural areas, change in the consumption of different biofuels depends mainly on natural 

resource availability and social access to resources. As scarcity of the most-desired fuels 

increases, there is typically a downward progression from top quality firewood to lower quality 

firewood to twigs and bushes to crop residues or animal dung. At each stage, however, the mag­

nitude of the available resource is much larger than in the previous stage. The response to fuel­

wood scarcity varies for different groups of consumers, as discussed further in Chapter 3. 

The Impact of Urbanization 

The problem of increasing fuel wood scarcity is a symptom of the larger problems facing the 

rural sector in many developing countries. These problems have contributed to the migration to 

urban areas that has occurred throughout the developing world to varying degree. 
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Migration of people from rural to urban areas is an important factor causing change in 

biofuels consumption. There are two distinct elements involved. One is the transition of urban 

migrants from use of local, mostly gathered biofuels to reliance on the marketed woodfuels that 

predominate in cities. 2 The other element is the transition from biofuels to modem fuels that 

takes place as urban households gain sufficient income to use the latter. 

Both of these elements are shaped by the nature of the urbanization process in a particular 

region. The strength of both will likely be greater where most of the migration is to large cities 

than where much of the urban growth is occurring in smaller cities. The transition to modem 

fuels is typically weaker in smaller cities due to the lack of dependable supplies, and to some 

extent, the greater availability oflow-cost woodfuels. 

Is Biofuels Use Growing or Declining? 

To our knowledge, it is not possible to state with much certainty whether overall biofuels 

consumption is growing or declining in most developing countries. This is due to the lack of 

consistent repeat surveys, and to complicating factors that make guessing from scattered or anec­

~otal evidence problematic. 

There are two main factors to consider in assessing trends in overall biofuels consumption. 

One is the continued dependence of rural residents on biofuels and the growth in rural population. 

The other is the transition from biofuels to modem fuels that occurs to varying degree in urban 

areas, and the growth in urban population. 

In most rural areas of the developing countries, there appears to have been little penetration 

of modem fuels for household uses other than lighting. If one assumes that average biofuels use 

per capita has held roughly steady, one could estimate growth in biofuels consumption from the 

growth in the rural population. A complicating factor in many rural areas, however, is the 

increasing scarcity of the usual biofuels and accompanying changes in consumption. 3 The wide 

range in average consumption per capita found by surveys is evidence that rural households do 

adjust their consumption in response to- fuel scarcity. This may involve changes in the type of 

fuels used (shifting to less desirable wood species or crop residues), in cooking fire management, 

or, as a last resort, in cooking habits. In the extreme, the latter may mean fewer cooked meals. 

Thus, where there are conditions that might cause change in consumption patterns, it is inaccurate 

to assume constant per capita use. In areas where fuelWOOd supplies are relatively abundant, on 

the other hand, it is safer to assume that overall consumption is growing with population. We 

further discuss changes in rural biofuels use in Chapter 3. 

2 In most regions, few urban migrants arrive in the city with sufficient income to use modem fuels. In 
many cities, and especially where fuelwood prices are high, the poor rely heavily on whatever biomass they 
can gather. 

3 For many areas, there is even considerable wtcertainty whether tree resources are in fact becoming 
scarcer. This is because of farm and village tree-growing, which is not captured in forest statistics (or by sa­
tellite cameras), but is known to be happening at quite rapid rates in many parts of Africa and South Asia. 
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In urban areas, the situation is more complicated and more varied among countries. It is 

also more dynamic and changable. Modem fuels are available and affordable to varying degrees. 

As household income grows, households tend to move away from biofuels use. Often, however, 

they retain the devices to use biofuels, and may do so for certain types of cooking. In many cases 

they are able to adjust their use of cooking fuels in response to changing prices. 

Many urban households move up the fuel preference ladder away from biofuels. But new 

arrivals to the city are generally poor and rely on biofuels. Thus, the overall rate of change in 

biofuels consumption in a given city depends on the relative strength of the opposing forces of 

modem fuel substitution and rural-to-urban migration. Where the latter is particularly strong, and 

income growth is weak or even negative, there may be more people coming into the biofuels 

market than leaving it. 4 Furthermore, in some cases there may be a shift from modem fuels 

"back" to biofuels by established urban residents who are no longer able to afford modem fuels; 

this has occurred in some African cities where incomes have fallen steeply. In this situation the 

combination of "backward" movement of established residents into biofuels with entry by new 

urban residents can lead to rapid growth in demand for biofuels. Where charcoal is the primary 

urban biofuel, as is the case in most large African cities, the growing pressure on wood resources 

can and does create problems in rural areas. We further discuss change in urban biofuels use in . 

Chapter4. 

2.6. Industrial and Commercial Use of Biofuels 

In the following two chapters, we discuss household biofuels use in rural and urban areas. 

Before proceeding, it is important to note that rural industries such as tea, coffee, and tobacco 
drying and curing, brick and lime making, small-scale sugar refining, together with commercial 

enterprises such as bakeries, tea and coffee shops, hotels, metal workshops, laundries and such 

often consume substantial amounts of woodfuel. Most of this consumption is commercial, or is 

collected by paid laborers. In some cases, these consumers may switch from modem fuels back 

to woodfuels if the economics are favorable. The most prominent example of this is in the Brazi­

lian steel industry, where charcoal is used on a massive scale. Where the wood demand is very 

high, it may be specially grown for industrial use; this is the case for much of the Brazilian steel 

industry that uses charcoal. 

The proportion of national woodfuel consumption accounted for by industrial and commer­

cial enterprises is very uncertain, but it no doubt varies widely. Estimates have placed the share 

at 18% in Guatemala in 1979, at 26% in Kenya in 1980, at 25% in Sri Lanka, and at 25-30% in 

some of the southern African countries (Foley, 1985). 

Wood residues are also used for fuel by wood products industries in many countries. Simi­

larly, agro-processing industries often make use of crop residues for steam raising. The most 

4 An additional complicating factor is that many new anivals to Third World cities are single males in 
search of employmenL They may eat much of their food from vendors and thus do little cooking. 
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common example of this is the use of bagasse by sugar cane processors. Other biomass materials 

that are used for energy purposes include rice husks, coconut husks and shells, and oil palm resi­

dues. Bagasse and other residues are typically burned with very low efficiency. Efforts to 

improve and expand utilization of crop residues by wood and agro-processing industries are 

underway in a number of countries. 
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3. HOUSEHOLD BIOFUELS USE IN RURAL AREAS 

In remote rural areas, especially in poorer countries, modem fuels are virtually unobtainable 

in any substantial quantities. Biomass typically meets all energy needs, except for small amounts 

of lighting kerosene. In many parts of the world this is so even for the highest income groups, 

who presumably would use cleaner, more convenient and efficient modem fuels if they were 

available. For example, large nationally representative sutveys in rural Brazil, India, Pakistan, 

and Sri Lanka found a 90-95% dependence on biomass, with a negligible reduction in this pro­

portion even among higher-income households (Leach, 1988a). In parts of Latin America and in 

the Middle East and North Africa, on the other hand, penetration of modem fuels into rural areas 

is more substantial. This is especially the case for oil-producing countries, where kerosene and 

LPG prices are often very low, and supplies are more available. 

Biomass fuels typically C?me from within walking distances of up to 5-7 km and are gath­

ered as "free goods". Pack animals may be used to collect from further afield and fuels may be 

traded for cash or for barter as resources begin to run short (Howes, 1985). Fuelwood gatherers, 

who are usually women and children, must make trade-offs between fuel preferences, fuel econ­

omy, and time available for gathering. Their access to fuels is often governed by local rules on 

rights to use common land and client-patron relationships concerning the land of neighbors. 

Firewood is obtained from many fonns of woody biomass, including brushwood, fallen tree 

twigs and branches, and cut branches, but rarely from felled trees, except when woodland is being 

cleared for fanning. Crop residues and animal wastes are generally thought to be poor substitutes 

for firewood because they have valued alternative uses, bum smokily, and require more time and 

attention for fire management However, their use as fuels greatly expands available resources 

and provides an important safety net for small fanners and the landless, who have few trees of 

their own. These fuels are heavily used in the more densely populated parts of South Asia and 

China, in tree-scarce African countries such as Lesotho, and increasingly in the West African 

Sahelian zone. 

Sutveys of biofuels use in rural areas show large variation in per capita consumption (Table 

3-1). Very high levels of consumption are often associated with colder locations where space 

heating needs are great. The effect of heating needs is illustrated by the range in consumption 

found in the Tanzanian villages. Per capita fuel use for 7 villages located below 1000 m altitude 

(therefore having lower space heating needs) was 7.0 GJ, whereas average use for 11 villages 
located above 1000 m was 11.1 GJ (Skutsch, 1984). 
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Table 3-1 
Per Capita Residential Energy Use from Village Surveys 

Location 

AVERAGE OF Vll..LAGESa 

Bangladesh, large survey · 
Chile, 8 villages 
India, Tamil Nadu, 4 villages 
India, Maharashtra, 4 villages 
South Africa, 7 villages 
Sri Lanka, 6 regions 
Tanzania, 18 villages 

AVERAGES OF GROUPS WITHIN A Vll..LAGEb 

Bangladesh: Sakoa 
India: Pondicherry 
Nepal: Pagma 
PNGc: highland, January 

May 

Somce: Leach & Gowen (1987); assembled from numerous somces 

(a) Averages of all sampled households in each village. 

Average 
(GJ) 

4.9 
29.2 

7.6 
16.5 
8.2 
8.4 

10.9 

8.9 
11.0 
9.0 
5.8 
5.4 

Range 
(GJ) 

3.5-5.5 
17.8-59.2 

5.8-8.8 
7.7-36.6 
5.2-14.5 
7.5-11.2 
4.4-26.1 

7.0-19.3 
10.2-11.2 
4.0-37.8 

2.5-9.2 
2.4-16.1 

(b) Averages of household subclasses in each village (e.g. groupings by household income or land-holding). 

(c) Papua New Guinea. 

Biomass 
share 
(%) 

97-100 
100 

97-99 
91-99 

100 
89-93 

100 

97-98 
91-97 

100 
100 
100 

If one looks at fuel consumption for cooking only, the degree of variation in per capita use 

among rural villages in different regions is much less than is the case for overall biofuels use 

(Table 3-2). Some of the lower values are attributable to partial use of modem fuels, or of wood 

stoves rather than open fires. (Some of the variation could also be due to differences in measure­

ments.) The main variables that cause cooking energy use to differ from one location to another 

include the type of staple food (beans have high energy requirements, rice low) and the number of 

hot meals eaten. 
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Table 3-2 
Fuel Consumption for Cooking in Rural Areas 

(MJ per capita per day) 

Location Consumption %Biomass 

Fiji, 14 villages 11.6-16.9 100 
Fiji, atolls 18.1 100 
Indonesia, Lombok 12.3-15.3 84-96 
Indonesia, Klaten 14.8-21.4 57-100 
Indonesia, Luwu 17.0-24.4 99-100 
Bangladesh, rural 13.7 95 
Bangladesh, Sakoa 17.0-28.8 100 
Bangladesh, 4 villages 22.2 100 
S. Africa, Mondoro 15.1 100 
India, Tamil Nadu 15.9-24.1 97-99 
India,Kamataka 19.5-23.8 100 
India, 2 villages 20.8-49.3 96-97 
India, Pondicherry 27.1-29.3 91-97 
Mexico, 2 villages 24.8 

Source: Leach & Gowen (1987) 

3.1. Factors Shaping Rural Biofuels Use 

Not surprisingly, village surveys indicate that the volume of firewood use depends strongly 

on the abundance of local woody biomass resources. Looking at the survey results in Table 3-1, 

the extremely high consumption levels in Chile were for subsistence families living in a forest. 

Similarly, forest dwellers in the Ghodavari River district of India used nearly 25 GJ of fuelwood 

per person annually, while in the nearby delta with few trees, average use was 5 GJ. In one 

Indian village in Maharashtra, with a social forestry scheme designed to provide cheap fuel, 

annual per capita biomass use was 37 GJ. In a neighboring village without such a scheme, but 

with almost identical incomes, landholding, and cattle ownership, consumption was only 8 GJ. 

While the local resource level obviously shapes the cost (in tenns of time) of gathering 

biofuels, few surveys have measured biofuel resource availability at the same time as consump­

tion. Where this has been done, consumption is generally found to be less where resources are 

scarcer or further away. For example, surveys in Kamataka State in India found that in a rela­

tively tree-scarce district, per capita annual fuel wood use averaged 0.42 cu.m. where the distance 

from the forest was less than 5 km, but it averaged only 0.16 cu.m. where the distance was greater 

than5 km (Reddy, 1987). In a relatively tree-abundant district, average use was much higher, but 

here too there was a significant variation according to the distance from the forest: from 2.09 

cu.m. where the distance was less than 3 km down to 0.49 cu.m. where it was greater than 9 km. 

The distance that fuelwood gatherers can cover depends on the amount of time available, 

and the value given to that time compared with other household activities.1 The latter include 

1 The opportunity cost of firewood collec:tion may be very high. In a Mexican village, the average collec­
tion rate was fo\Dld to be 6.2 kg/hoW', while the local market price of wood was 3 pesos/kg (Evans. 1984). 

-. -
Y.:i'( ~--



those related to cooking (fuel preparation, food preparation and cooking, fire tending), as well as 

other household and productive activities. Fuel collection times found in surveys show an 

extremely large range. One cannot correlate fuel consumption with time to collect fuels, how­

ever. Where there is fuel scarcity, and therefore long collection times, one might expect low con­

sumption, but long collection times may also be a result of high fuel consumption. Detailed sur­

veys in Malawi found that people scavenging close to home often spent longer than people who 

walked a long way to collect from an abundant resource (French, 1981). This may be preferred, 

however, because small amounts of fuel can be gathered rapidly (women caring for children may 

not be able to leave home for long periods). Strong preferences for particular tree species may 

also override time considerations. 

The· fuel collection rate (kg per hour), which combines distance to fuel sources, collection 

time, and density of the fuel stock, is a good indicator of fuel scarcity. Not surprisingly, surveys 

show very wide variation in this indicator. For the locations shown in Table 3-3, the range is 

from 1. 7 kg/hour in a South Asian village to more than 70 kg/hour in a Chilean village located 

close to forest resources. Obviously, the collection rate for a given village may change over time, 
which may in tum cause changes in consumption (see discussion below). 

Table 3-3 
Collection Rates for Firewood 

(k~our) 

Location 

Chile, 8 villages 
India, Tamil Nadu, 4 villages 
India, Kamatalca, 6 villages 
Indonesia, 3 villages 
Mexico, 2 villages 
South Africa, 3 villages 
Tanzania, 18 villages 
Yemen, 8 villages 

Average 

27 
3.9 
2.8 

5.5 
12 
3.6 

Range 

13-71 
1.8-5.4 
1.7- 3.8 
10-20 

6.2-9.2 
3.8-6.7 
4.3-44 

Somce: Leach & Gowen (1987); assembled from numerous sources_ 

The effective scarcity of fuelwood is sometimes shaped not only by the local biomass 

resources, but also by social constraints over access to wood or crop residue sources. In South 

Asia, larger fanners have greater diversity and security of fuel supplies. Small fanners and the 

landless typically face fuel scarcities because they have to depend on others or on limited and 

unproductive common lands. In Africa, settlements are much more dispersed and there are few 

The "value" of wood collecting was thus MN$18.6/hom. The minimum wage at the time was 27.5 
pesos/hour. If jobs were available, it would thus be more cost-efective to earn cash as a laborer in order to 
buy wood than to collect iL Of course, the fuel collection may be-done by household members who for vari­
ous reasons may not be available for wage labor. 
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landless, so access constraints are less important. 

While lower-income households may have greater difficulty in securing fuel, on a per capita 

basis there is often little change in consumption with household income or landholding. For 

example, a large survey in India found that per capita annual fuel use (mostly biomass) ranged 

from 4.3 GJ in the low-income group to 5.6 GJ in the high-income group (Natarajan, 1985). The 

lack of change indicates that there are substantial economies of scale associated with fuel use for 

cooking and space heating. (Wealthier rural households have more people in most developing 

countries.) The additional energy required to cook for six persons rather than four is small com­

pared with the fixed "overheads" for keeping the fire going, etc. For space heating, energy use 

depends on the dwelling area, which in general does not increase proportionally with household 

size. The importance of this effect is well-illustrated by survey results from Pangma village in 

Nepal (Table 3-4). Average biofuels use per capita steadily declines with household size until a 

large size is reached; per capita use for two-person households is 3-4 times that of households 

with five or more persons. 

1 

GJperyear 21 

Source: Bajracharya (1981) 

Table 3-4 
Per Capita Biofuels Consumption and Household Size 

Pangma village, Nepal· 

Persons in household 
2 3 4 s 6 

15 13 11 8.1 8.0 

8 10 12 

7.7 6.6 7.7 

Cultural factors often have an important effect on rural biofuels consumption. In well­

wooded parts of Africa, the use of a household or village communal fire as a meeting/talking 

focus is common. Fires may be kept going all day to provide visitors with tea or a hot snack. 

The frequency of feasts and rituals, which may use large amounts of fuel, is also important. 

Non-domestic activities such as beer-brewing, pottery, fish-smoking, etc. can also use significant 

amounts of woodfuel. 

3.2. Responses to Fuelwood Scarcity in Rural Areas 

When wood is readily available, it tends to be used in large quantities and little effort is 

made to economize in use. Wood can become more scarce for a variety of reasons. Expansion of 

farming into forest lands or less dense woodlands is perhaps the most common cause, though 

increasing population, the impact of external woodfuel demand (i.e., for commercial markets), 

fires, and overgrazing that prevents the regeneration of tree cover can all result in wood becoming 

scarce. 
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While very little infonnation is available on how people actually adjust to increasing wood 
scarcity, the considerable anecdotal evidence indicates that the first reaction of people is usually 

to try to maintain their previous level of consumption (Foley, 1985). Typically, people will 

search longer for the quantity and quality of wood to which they have been accustomed. As the 

resources become scarcer still, the quantities of fuel collected become smaller and lower quality 

but more accessible wood is used. This greatly expands the resource base and may postpone the 

need for any further adaptations. 

As wood becomes yet more difficult to obtain, there tends to be more careful use, as noted 

by several authors (Evans, 1984; Evans et al., 1980; Skaret al., 1982). This nonnally occurs 

when the time required to collect wood has become an unacceptable burden. People may light 

smaller fires, quench and re-use the embers of a fire that they fonnerly would have let bum away, 

and position and shelter fires more carefully. Less essential end-uses, such as water heating for 
bathing or washing clothes and dishes, may be reduced. This level of adaptation may coincide 

with the first signs of interest in fuel-saving stoves. Indeed, indigenous types of stoves are often 

found in areas where wood has traditionally been scarce, as in much of India and China. 

With increasing fuel wood scarcity, people also begin to make greater use of the other bum­

able biomass available to them. This shift to crop residues and dung, which are rarely used as 

fuel where dry wood is abundant, opens up a wide range of new fuel supplies. In Indonesia, for 

example, it has been estimated that the amount of fuel available when people start relying on gen­
eral biomass resources is four times as great as when stemwood only is used (Weatherly, 1980). 

Though inconvenient, use of crop residues and dung is often seen as an easier response than tree­

planting. In some areas, most crop residues are fed to animals, whereas in others, they are 

heavily used for fuel. In China, for example, it is estimated that two-thirds of total crop residues 

are burned for fuel (Lu et al., 1987). Although the lack of crop residue recycling is recognized as 

a problem, use of residues for fuel is essential on the long-deforested and densely populated 
plains and lowlands of the eastern third of China. The lack of fuel has been one factor prompting 

the use of biogas in rural China, though improvement of hygiene (through recycling of human 
and other wastes) has also been an important factor.2 

The above general description overlooks the reality that different groups of rural consumers 

fa~ and ~able to respond to fuelwood scarcity in a varying way. As wood from common land 
becomes more scarce, those with adequate land holdings of their own may be able to obtain most 

of their fuel requirements from live hedges, trimmings of fruit and shade trees, and other sources. 

People who have a cash income can often choose between continuing to search for wood or pur­
chasing it. 

2 Mass construction of biogas digesters (mostly single-family units of relatively simple design) took place 
in China in the 1970s. The nation-wide total surpassed 7 million units by 1979, but many of these have failed 
for various reasons. Of the remaining digesters, only about half can be used normally, and most of these are 
not fully utilized (Smil, 1988). Promotion of biogas is now focused on areas where livestock and poultry 
operations •e rather concentrated. 
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People who have little land or income are obviously in the worst position, and have to 

obtain their fuel by scavenging from common lands, roadsides, and fanning areas where they 

may have traditional rights of access. In South Asia, many people in this position rely heavily on 

animal dung that they collect from fields and roads. As biomass supplies of all kinds are 

depleted, traditional rights of access to fuel sources are often closed off to the poor. Where 

access has been restricted, or the biomass productivity is low relative to the numbers of landless, 

the amount of fuel may be insufficient to meet the need. Reductions in living standards and diet 

· are found in conditions of acute scarcity. The burden tends to bear most heavily on women and 

children as income-earning tasks, hygiene, child feeding and care, or visits to health and educa­

tion services may be reduced or eliminated in order to make time for fuel gathering (Cecelski, 

1984). 

There is a great need for better information about the actual situation in rural areas of the 

developing world with respect to fuel scarcity and people's responses to it. It is clear that the 

severity of the "fuelwood crisis" varies from place to place, as does the capacity of people to 

adjust by modifying resource use patterns. The success of interventions in the rural sector 

requires a solid understanding of the actual situation in specific locations. 
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4. HOUSEHOLD BIOFUELS USE IN URBAN AREAS 

Biofuels are commonly used for cooking by lower-income households in most cities of the 

developing world. The extent of reliance on biofuels is quite variable, however, ranging from 

very high in smaller African cities to very low in the capitals of newly-industrialized Asia. While 

rigorous study across cities is lacking, the evidence suggests that the pattern of biofuels use in 

urban areas is determined mainly by the overall level of income and income distribution, and the 

extent of modem fuels supply to and within cities. Relative prices of woodfuels and modem 

fuels appear to play a lesser role, but can help to speed substitution away from biofuels or precipi­

tate a 'backward' shift into them. 

While the quality of modem fuel supply is difficult to measure, the effect of fuel access is 

suggested in the survey data showing that the extent of biofuels use declines as city size 

increases, as discussed in Chapter 2. (Larger cities often have higher income levels as well as 

better fuel distribution, so part of the effect may be do to income.) The growth of large cities, 

which is a common feature of many developing countries, is thus an important element in the 

transition away from biofuels. Large cities are the gateways to 'modem' aspirations and patterns 

of living and working and are thus the growth centers for modem fuel consumption. Combined 

with their political and economic dominance and favored position regarding infrastructure invest­

ments, they are best served by modem fuel supply and distribution systems. History and geogra­

phy also play their part, of course. Outside the large cities, the availability of modem fuels is 

shaped by the location of fossil fuel and hydropower resources, policies on rural and small town 

development, the extent of road networks, and the costs of road transport. 

In contrast to rural areas, in urban areas fuelwood use declines sharply as household income 

increases and people are able to afford modem fuels. This is less the case for charcoal, which is a 

common fuel in African cities, but is less used elsewhere. Multiple fuel use for cooking is com­

mon. offering both convenience and greater fuel security. 

The destitute in cities typically use any free burnable scraps of wood, leaves, and paper, or 

even tires, on open fires. The mass of low-income households both gather and purchase biomass 

fuels, often with an income gradation from firewood to charcoal, which is easier to carry and 

store and less smoky than firewood, and from open fires to enclosed stoves .. Kerosene may be 

used for quick cooking tasks such as boiling water for drinks. As income increases, kerosene use 

tends to increase and then decline as it is replaced by bottled gas or, usually for wealthier house­

holds, by electricity. I In many parts of Mrica and some areas in Latin America, however, char­

coal is preferred to-kerosene and even displaces gas and electricity. (Charcoal is also used for 

ironing clothes.) In some places, wood may continue to be used for cooking tasks for which 

modem fuel stoves perform poorly, such as making tortillas (Masera, et al., 1989). 

1 In a few countries where residential electricity is inexpensive, use of electricity for cooking may be fair­
ly c:ommon, as in Costa Rica (Sazama. 1986). In most cities, however, use of electricity for cooking is fom1d 
mainly among the wealthier households. 
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The fuel progression described above is illustrated in Table 4-1 by results from a national 

suiVey of urban areas in Kenya in 1980. The poorest households relied heavily on firewood, but 

wood use gave way quickly to charcoal and kerosene as income increased. LPG and electricity 

did not become significant until a relatively high income level was reached. Charcoal use 

remained high among all income groups. reflecting its popularity for certain types of cooking. 

Table4-1 
Residential Energy Use by Household Income 

Urban Kenya, 1980 
(GJ per household) 

Income Firewood Charcoal Kerosene LPG 
('000 Ksh.)3 

0-3.1 20.0 8.9 2.7 0 
3.1-9.1 8.5 19.1 5.7 0 
9.1-18.2 6.1 23.8 6.1 0.6 
18.2-54.6 2.3 22.2 5.2 3.4 
Above54.6 0.7 13.4 1.7 6.1 

Somce: O'Keefe, et al. (1984) 

(a) 1 Ksh. = 0.13 US$ (1980) 

(b) Consumption for all uses. not just cooking. 

Electticityb Total 

0 31.6 
0 33.3 

0.5 37.1 
3.1 36.2 
19.9 41.8 

As one would expect. suiVeys show large differences among cities in the prevalence of 

biofuels use. An indication of these differences can be seen in the suiVey results shown in Table 

4-2. In relatively wealthy Kuala Lumpur (Malaysia). LPG and even electricity use was not 

uncommon in 1980 even in the lowest income group. There was little use of firewood. but char­

coal use was fairly common across income groups. In Hyderabad (India), where incomes are 

much lower. firewood use was (and is) much more common. but there is little use of charcoal. 
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Table4-2 
Fuels Used for Residential Cooking 

(percent of households using fuel) 

Income Firewood Charcoal Kerosene LPG Electricity 
group 

Kuala Lumpur, 1980 
Low .. 4 15 75 25 19 
Mediwn 7 23 57 52 35 
High 0 17 19 87 50 

Hyderabad, 1982 
Low 41 neg. 70 19 
Mediwn 24 neg. 65 54 
High 13 neg. 57 71 

Source: Sathaye & Meyers (1985); based on other sources 

The income level at which various modem fuels come into use depends on the local prices 

of fuels and equipment, as well as the supply of modem fuels. Within the same region, biofuel 

use may decline at a lower income level in large cities, where modem fuel and stove supply may 

be good, than in a smaller city where supplies are often inconsistent. This is illustrated by survey 

results from the Philippines (Table 4-3), which show much greater use of firewood among the 

urban poor in the outer provinces than in the capital city, Manila. Note especially how use of 

LPG, which is more difficult to transport to provincial urban areas, is much less among the pro­

vincial urban households than in Metro Manila. 

Table4-3 
Main Cooking Fuel of the Urban Poor in the Philippines, 1979 

(percent of households in region) 

Metro 
Fuel Manila Luzon Visayas Mindanao 

Wood 9 48 75 73 
Charcoal 1 7 9 3 
Kerosene 35 24 11 18 
LPG 45 16 4 5 
Electricity 11 3 0 1 

Source: Government of Philippines (1982) 

Among households that rely heavily on fuelwood, per capita use in urban areas is usually 

lower than in rural areas (see, for example, the Ethiopian data in Table 2-2). Reasons for this 

include partial use of kerosene for cooking, greater use of prepared foods (e.g., bread), and the 
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fact that urban residents eat out more often (from street stalls as well as cafes and restaurants). 

Differences in dwelling characteristics contribute to more common use of ovens and portable 

metal stoves in urban than in rural areas. The latter especially usually have higher efficiency than 

the open fires that are more common in rural areas. There may also be greater use of aluminum 

pots in urban areas, which yields as much as double the efficiency of using clay pots. It appears 

that the Commercial nature of urban fuel wood supply also prompts people to economize on wood 

use, though this probably varies according to the local price of fuel wood. 

4.1. The Modern Fuels Transition 

The transition from biofuels to fossil fuels and electricity that occurred long ago in the 

industrialized countries is well underway in cities of many developing countries.2 Although the 

level of knowledge about the phenomenon is poor, it is clear that the rate at which it is occurring, 

and the extent to which it has already taken place, varies considerably among countries, as well as 

among urban areas within a given country. 

In his study of the impact of modem fuel substitution on woodfuel demand, Foley (1985) 

aptly observes, "The substitution of woodfuel by conventional fuels is driven both by the push of 

scarcity and the pull of convenience, efficiency, and modernity." The "push factor" of scarcity 

varies from place to place, but the "pull" forces are more or less a constant. Foley writes: "The 

dirt, smoke, and general inconvenience of woodfuels have led to their use being heavily reduced, 

or abandoned, virtually everywhere living standards have risen substantially. 3 Conventional fuels, 

in comparison, are clean and simple to use; their adoption is widely regarded as an indication of 

the modernity and higher social status of their users in the community." The use of modem fuels 

can bring about significant improvements in living conditions (especially less indoor and ambient 

air pollution), as well as making cooking quicker and generally more convenient Compared to 

woodfuels, kerosene and LPG require less space for storage, and are much easier to bring to the 

home. (Electricity scores highest in this regard, but in most places its expense limits its use for 

cooking to the higher-income groups.) Further, in many places, kerosene is actually cheaper on a 

useful heat basis than wood or charcoal. 

The main obstacles to the adoption of modem fuels are the cost of buying kerosene or gas 

stoves and keeping them supplied with fuel, and the problem of erratic or unreliable supplies. 

The relative importance of these barriers varies among regions. Related to the ·cost of using 

modem fuels is the fact that their use usually requires payment of a large (for the urban poor) 

amount of cash at one time, whereas firewood and coal can be purchased in small quantities. 

2 For further discussion of the modem fuels transition, see Leach (1988b). 
3 The substantial growth in use of wood for heating that occurred in the U.S. and in Sweden after the rise 

in energy prices of the 1970s and early 1980s indicates, however, that even in the wealthy countries, people 
may return to use of wood (though in modem, relatively clean devices) if there are compelling economic ad­
vantages. 
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The importance of unreliable supply of modem fuels has tended to be underemphasized. 

Security of supply is a major consideration for consumers with basic needs such as cooking. 

With kerosene, typically the first fuel on the transition ladder, there is finn evidence that 

difficulties in obtaining supplies are often a major barrier for the poor. For example, a 1985 sur­

vey in Lucknow, India found that few poor families cooked with kerosene even though they real­

ized that it would cost only 40% as much as cooking with firewood (Shanna & Bhatia, 1987). 

With average daily incomes of around US$1, the cost of a kerosene stove ($1-4) was not seen as a 

major deterrent Kerosene shortages and-long lines at the local stores were given as the main 

reason for not using the fuel. While such constraints are less strong in some places, they are com-

- mon in many cities in Africa, where the stoves as well as fuels are often hard to find. There is 

often little incentive for retailers in poor urban areas to stock and insure regular deliveries of 

kerosene for cooking, as opposed to small amounts for lighting. 

With LPG, high investment costs for the cooking stove and cylinder deposit tend to be a 

major deterrent for lower-income families. For example, in Colombo, Sri Lanka, the entry cost 

for LPG in 1983 was close to $80, which represented at least one month's average income for the 

poorest 70% of households (Leach, 1987). In Kenya in 1986, a standard charcoal stove cost 20-

50 shillings (sh) and an improved model 60-100 sh; kerosene stoves, which are mostly imported, 

cost about 450 sh (US$30) (FAO, 1987). However, switching to LPG cost at least 3100 sh: 1440 

sh for the deposit on a cylinder and 1650 sh for a 2-ring LPG stove. Erratic supply is also a prob­

lem for LPG, as available supplies are often routed to higher income districts where demand is 

larger and more dependable. 

Although cost and supply problems are the most important barriers to use of modem fuels, 

difficulties with modem fuel stoves are also a factor. The power output of kerosene stoves is 

often much lower than for a wood or charcoal fire, so cooking takes longer. The heavy stews that 

fonn the staple diet in many places are difficult to cook on the generally flimsy appliances in 

which modem fuels are burned. These drawbacks can be important: in Eastern Niger, for exam­

ple, it is much cheaper to cook with kerosene than with wood, but kerosene is hardly used (Floor, 

1987). A related factor is that certain types of cooking that are popular in some countries, espe­

cially grilling, cannot be perfonned easily with modem fuels. 

In part because of convenience and cooking p~ferences, _and in part for reasons of security, 

many urban households use biofuels and modem fuels. How much of each is used depends on 

complex adjustments between preferences and cooking habits on the one hand, and access, avai­

lability, and price factors on the other. Although rather little is known in detail about this pro­

cess, it can obviously be very rapid and flexible. High prices or shortages of modem fuels com­

pared to biofuels can easily lead to 'backward' switching from modem fuels to biofuels, since in 

most cases households retain the equipment to use biofuels. This occurred, for example, in Sri 

Lanka after the kerosene price rose far above the firewood price (Leach, 1987), and also in the 

Philippines, among other places. The reverse condition, where modem fuels are cheaper than 

biofuels (they are rarely more readily available), is likely to have a much lesser impact because 

only a minority of consumers typically owns modem fuel-using devices. 
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The Role of Prices 

While the above observations about the urban fuel transition are a reasonable guide, it 

remains the case that little is known about the relative importance of the different factors that 

bring about the transition, and how and why they differ from place to place. The evidence indi~ 

cates, however, that the transition to modem fuels is driven mostly by rising income and the 

urbanization process itself, rather than by relative fuel prices. An analysis by Barnes (1986) of 

consumption, income, and price data for nineteen countries appears to confinn this point. The 

transition is also driven by improvements in fuel distribution through increasing consumer 

demand in the poorer city areas. 

Though rigorous analysis is lacking, it is apparent that fuel switching is affected to some 

extent by the prices of modem fuels and biomass fuels. While governments usually control 

modem fuel prices, they have little or any control over woodfuel markets. Woodfuel prices vary 

enormously among cities, as indicated in Table 4-4. The reasons for the variation include the 

costs of producing and/or harvesting the wood, the cost of transport and fuel preparation, the level 

of wholesale and retail profit, the quantities purchased (small bundles nonnally cost more per kg), 

fuelwood quality, locale within the city, and the cost of competing fuels.4 The cost of production 

may be very small when wood comes from land cleared for agriculture, or is taken from public 
fo~sts, whether illegally or with a pennit. 

4 Theze is some evidence that in sevezal countties woodfuel prices have risen in line with jwnps in the 
price of kezosene, the main competitor to woodfuels. 
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Table4-4 
Retail Fuelwood Prices in Various Developing Countries 

Year US$ per ton 

AFRICA 
Ethiopia 1983 80-90 
Gambia 1982 140 
Gambia (Banjul) 1982 53 
Kenya 1981 10 
Liberia 1984 50-130 
Madagasear 1985 20-25 
Malawi (Blantyre) 1981 37 
Morocco 1983 20-60 
Niger 1982 60 
Sudan (Khartoum) 1982 72 

ASIA 
Bangladesh (Dacca) 1982 38 
Burma (Rangoon) 1982 60 
India (Bombay) 1982 87 
Nepal 1981 20-60 
Pakistan (Karachi) 1982 20-40 
Sri Lanka (Colombo) 1982 61 
Thailand 1984 17 

LATIN AMERICA 
Guatemala (G.C.) 1982 34 
Peru 1983 20-60 

Source: Leach & Gowen (1987); compled from various sources 

Changes over time in woodfuel prices in a given location are less well documented, but they 

have been known to vary greatly. For the countries studied by Barnes, price changes (corrected 

for inflation) varied from a rise of 14.9% per year for firewood in the Ivory Coast to a decline of 

7.3% per year for charcoal in Zambia. In tenns of switching between biofuels and modem fuels, 

it is the change in relative prices that is most significant. Data from a number of countries show 

that the ratio of kerosene to firewood price (per unit of estimated delivered energy) in 1982-83. 

varied from 0.3 in parts of Nigeria (a major oil-producer) to 10 in Cameroon- (Anderson & 

Fishwick, 1984). Change in relative prices may favor modem fuels or woodfuels, depending on 

the situation. This is influenced by many factors, including change in the subsidies on kerosene 

or LPG. Here too the trends have varied among countries. 

Is the Transition to Modern Fuels Happening? 

One can infer from surveys of cities with different average income levels that the transition 

from biofuels-to modem fuels is taking place in those urban areas where incomes are growing and 

modem fuel supplies are adequate. Statistical documentation of changes over time in urban 
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biofuels use is scarce, however. A notable exception comes from large urban household surveys 

conducted in India in 1979 and 1984 (Natarajan, 1986). (The surveys were conducted by the 

same organization, so comparisons are probably fairly reliable.) Firewood prices rose relative to 

kerosene during this period, while prices of LPG and domestic electricity fell in real tenns. More 

importantly, incomes rose and were more evenly distributed, so that the numbers of middle­

income families increased sharply. As a consequence of these factorS, the share of cooking and 

space heating energy demand (expressed in tenns of approximate useful energy) met by firewood 

fell in only five years from 42% to 27%, while the shares for kerosene and LPG nearly doubled 

from 19% to 36% and 7% to 12% respectively (Table 4-5). As expected. the largest percentage 

reductions in firewood use were for the middle-income groups. The percentage of all households 

falling into this category (annual income between 3 and 18 thousand Rs. 1978-79) rose from 66% 

in 1979 to nearly 80% in 1984. 

Table4-5 
Fuel Shares for Cooking and Space Heating3 

Indian Urban Households 
(percent within group) 

Income groupb 
Fuel type ·Year L· LM M HM H All 

Firewood 1979 60.0 40.9 25.1 17.4 12.1 42.4 
1984 53.5 30.8 17.9 9.9 9.6 27.4 

Kerosene 1979 13.2 21.3 21.5 22.0 18.9 18.7 
1984 23.8 36.9 40.2 38.2 32.8 35.7 

LPG 1979 0.8 4.6 14.2 26.9 32.9 6.6 
1984 1.2 4.6 15.7 27.9 39.3 11.5 

Soft coke 1979 12.8 20.2 23.6 16.7 17.3 18.4 
1984 6.4 18.0 17.9 15.2 8.3 15.3 

Otherc 1979 13.3 13.1 15.6 17.0 18.8 13.9 
1984 15.2 9.7 8.3 8.8 10.1 10.1 

%ofHH 1979 31.5 42.8 20.7 2.6 2.4 100 
1984 17.6 33.5 35.1 9.4 1.4 100 

Source: Natarajan (1986) 

(a) Shares are on an approximate useful heat output basis for average fueVdevice combinations. 

(b) Annual income is in thousand Rs. 1978-79: L =Low (<3); LM =Low-middle (3-6); M =Middle (6-12); HM = 

High-middle (12-18); H = High(> 18) 

(c) Other includes crop residues, animal dung, and electricity. 

The Indian example shows that the transition away from biofuels can occur very rapidly if 

the conditions are right. Government policy can have a important effect on the transition away 

from biofuels, as discussed in Otapter 7, but it is growth in income that appears to exert the 

strongest influence. 
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5. ESTIMATES OF NATIONAL BIOFUELS CONSUMPTION 

The lack of supply-side statistics on biofuels and the problems with demand-side surveys 
make it difficult to place a high degree of confidence in estimates of biofuels consumption at the 
national level (see discussion in Chapter 1). Despite this, the available estimates do give an indi­

cation of the approximate magnitude of biofuels consumption, and of the countries that account 
for the largest amounts of biofuels use. As a careful review of the sources of national estimates 

was beyond the scope of this study, and would be inconclusive in any case, the estimates 
presented in this chapter should be taken as rough approximations of actual biofuels consump­
tion. 

5.1. Sources for National Estimates 

The main international source for estimates of national fuelwood consumption (including 
wood for charcoal production) is the Food and Agriculture Organization of the United Nations 
(FAO). The FAO publishes an annual Yearbook of Forest Products which gives estimates of 
fuelwood 'production' (equal to consumption) for niost of the world's countries. The values in: 
the Yearbook of Forest Products are based on estimates of per capita fuel wood and charcoal con­
sumption that derive from national surveys in so far as these are available. Many of these are 
based on very small samples or have partial coverage within the country. 

An internal FAO study conducted in 1980 (Wardle & Pontecorvi, 1981) gathered numerous 

estimates of per capita woodfuels use through questionnaire enquiry to countries and by search of 
available reports and studies. It was found that for many countries there was a wide range of esti­
mates and for only very few were comprehensive and statistically reliable survey data available. 
Estimates of industrial and commercial woodfuels consumption were available for only a very 
few countries. The various estimates were treated as random observations and weighted accord­
ing to the population with which they were associated to calculate a weighted average consump­
tion for each country. In the absence of any apparent time trend in the estimates, all available 

observations were pooled irrespective of the year to which they related. To derive estimates of 
total national consumption for each issue of the Yearbook ofF or est Products, the estimates of per 

capita fuelwood and charcoal consumption from the 1980 study, or revised estimates based on 
later information, are multiplied by the total national population for a given year.1 To estimate 
primary wood consumption for charcoal production, the F AO assumes a constant value of 6 cu.m. 
per ton of charcoal produced. The actual conversion factor varies among countries, but is often 
much higher than 6 cu.m. per ton. 

The problems inherent in the FAO's method are several. The estimates that were pooled to 
calculate a national weighted average consumption were of varying and uncertain quality. For 

1 The statistics on fuelwood and charcoal given in the annual Energy Stalistics Yearbook of the United 
Nations are mostly taken from the FAO. In a few cases, the UN uses data from country sources instead of the 
FAO estimates. 
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some countries, several of the surveys were conducted many years prior to 1980, but these were 
pooled with later surveys. The FAO endeavors to revise consumption estimates as new informa­
tion becomes available. In those countries where more recent information has not become avail­
able, using the 1980 per capita estimates for later years is problematic because of possible change 
in the rural/urban population mix and in the consumption levels in rural and urban areas. 

The FAO does not estimate national consumption for energy of crop residues and animal 
dung. For the countries that have high levels of use of these fuels (South Asia and China), esti­
mates are available from official sources or national surveys. 

We include in this section estimates of annual bagasse consumption by sugar mills. 2 These 
are published in the United Nations (UN) Energy Statistics Yearbook. The methodology 
employed by the UN assumes use of 3.26 tons of fuel bagasse at 50% humidity per ton of sugar 
cane produced. In most cases sugar production data are extracted from the Sugar Yearbook of the 
International Sugar Organization (London). We have not in~luded consumption of wood wastes 
by wood processing industries or crop residues by agro-processing industries, as data on this 
usage is not readily available. 

5.2. Biofuels Consumption Estimates 

Table 5-l presents estimates of total consumption in 1986· of the major biofuels for broad 
regions and for the largest consuming countries within the regions. We have convened the 
estimated quantities consumed from the original units to a common energy unit (Petajoules)3 

based on the conversion factors described in the table notes. Since the conversion of biofuels to 
energy depends on the moisture content of the biomass, which varies from place to place and is 
typically somewhat uncertain, the selection of any single conversion factor is a possible source of 
error. For wood and charcoal, we use the same conversion factors for all countries, though in 
actuality the appropriate values differ somewhat among countries. 

The main source for fuelwood and charcoal consumption is the FAO 1986 Yearbook of 

Forest Products, though in cases where we had access to other sources that we judged to be more 
accurate, we made use of these (as described in the table notes). The estimates of crop residue 
and animal dung energy consumption are from various country sources. The estimates of bagasse 
consumption are from the UN 1986 Energy Statistics Yearbook, except in the case of Brazil, 
where the source is the national energy balance. For Brazil, we include under baga:;se the sugar 
cane that is convened to ethanol. 

2 Bagasse. a residue of sugar cane processing, is different from the other biofuels in Table 5-1 in that it is 
part of an agro-induslrial system and there are not competing uses for it. There are other crop residues (rice 
husks. palm oil residues, etc.) that are used by agro-industries in developing countries, but statistics on this 
conswnption are difficult to obtain. 

3 1 Petajoule = 101S Joules; 1000 Petajoules is ~ximately 1 quadrillion Btu ('quad'), or 24 million 
tons of oil equivalent. 
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Table 5-1 
Estimated National Biofuels Consumption, 1986 

Asia, Africa, Latin America 
(Petajoules) 

Fuelwood1 Wood for Residues3 Dung4 Bagasse5 Total 
Direct use Charcoai2 

Asia 10764 520 4413 1125 528 17350 
Chinat 4930* neg. 3600* 100** 120 8750 
India 2365 160 430** 860** 190 4005 
Indonesia 1420 15 X 0 54 1489 
Thailandt 125* 250* 49* 0 53 477 
Bangladesh 54 neg. 300** 78** 18 450 
Pakistan 220 neg. 34* 87* 29 370 
Philippines 330 neg. X 0 32 362 
Vietnam 245 neg. X ? 5 250 
Others 1055 60 X neg. 27 1142 

Africa 3820 918 X X 185 4923 
Nigeria 915 115 X 0 1 1031 
Ethiopia 395 15 X X 5 415 
Kenya 220 175 X neg. 5 400 
Sudan 130** 220** X ? 14 364 
Zaire 270** 80** ? 0 2 352 
Tanzaniat 270** 33** X neg. . 3 306 
Others 1620 280 X X 155 2055 

Latin America/Carib 2000 739 X X 1187 3926 
Brazilt 1070* 565* X 0 725* 2360 .. ~ 

Colombia 130 44 X 0 32 206 
Mexico 140 15 X 0 105 260 
Others 660 115 X neg. 325 1100 

Total 16564 2142 4413 1125 1900 26144 

Sources: Fuelwood and charcoal-- FAO 1986 Yearbook of Forest Products, except as noted; Bagasse--
UN 1986 Energy Statistics Yearbook (Table 13). 
• indicates source is a government estimate derived from surveys (see notes below). 

· · •• indicates other source (see notes below) 
"X" indicates the fuel is used, but the quantity is very uncertain (though probably small in relation to other 
fuels) 
t denotes that industrial and commercial consumption is included. Inclusion in other cases is uncertain. 

'.:. (1) Converted at 11 GJ/cu.m. of solid-volume wood, assuming a demsity of 1.4 cu.mJton and an average 
20% moisture content (wet basis). 
(2) Assumes 8 cu.m. of wood per ton of charcoal produced, except where source is government data; con-
verted at 11 GJ/cu.m. 
(3) Conversion factors vary among fuels and countries. 
(4) Converted at 12 GJ per ton. 
(5) Assumes use of 3.26 tons of fuel bagasse at 50% humidity per ton of cane sugar produced; converted at 
7.75 GJ/ton. 
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Notes to Table 

Government sources 

China-- Fuelwood value is based on new estimate from Ministry of Forestry, given in Yang (1987); resi­
dues use is from Ministry of Agriculture, given in Qiao (1988); dung use is estimate by Smil (1988). 

Pakistan-- Energy Year Book 1985. Values are for 1983-84. Residues include cotton sticks and sawdust 

only; consumption of other crop residues n.a 

Thailand-- Thailand Energy SiiUillion 1987. Residues include use by industry (rice hulls). 

Brazil - Balanco Energetico Nacional1987. Includes residential, industrial, agricultural, and commercial 
use of wood, and charcoal production for industry. For wood conversion to energy, we use 15.5 GJ/ton, 
not value used in the energy balance. For wood used for charcoal, we adopt conversion factor used in the 
energy balance (10.57 GJ/ton). Total given under "Bagasse" refers to sugar cane used for alcohol fuel pro­
duction (which includes bagasse that is utilized); non-energy use of bagasse is subtracted. We adopt the 
Brazilian conversion to energy. 

Other sources 

Bangladesh-- From Leach (1986) for residues and dung; data refer to 1980-81. 

India-- From Leach (1986) for residues and dung; data refer to 1978-79. 

Zaire- Based on 1983 World Bank study, results given in Byer (1987); FAO estimated zero use of char­
coal, which is inaccurate. 

Tanzania - Estimated by authors based on various surveys. 

Sudan- Estimated by authors based on divergent estimates from FAO and World Bank 1980 survey. 
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The most significant replacement of an FAO estimate, which also illustrates the high degree 

of uncenainty surrounding estimates of fuelwood consumption, concerns China. Until recently, 

the accepted official estimate of annual fuelwood consumption was 180 million tons. (This 

number is still seen in some Chinese papers on energy use.) Large numbers of suiVeys done in 

recent years under the direction of the Ministry of Forestry have resulted in substantial upward 

revision of the estimated amount of fuelwood consumption to 320 million tons (Yang, 1987). 

(This includes an estimated 50 million tons used by rural industries.) The new estimate is 

equivalent to approximately 450 million cu.m. The value given for China in the FAO 1986 Year­

book of Forest Products is only 174 million cu.m. The difference between the FAO estimate and 

the revised Chinese estimate, around 270 million cu.m., is nearly as great as the total estimated 

fuel wood consumption in all of Latin America! 

Results. The statistics in Table 5-1 indicate that Asia (including the 'Middle East') 

accounts for about two-thirds of total LDC biofuels consumption. Africa accounts for about 

19%, and Latin America/Caribbean (hereafter referred to as "Latin America") accounts for about 

15%. If bagasse is excluded, the Latin American share falls to 11%. China is by far the largest 

biofuels consumer, followed by India, Brazil, and Indonesia. 

The estimated total LDC 1986 biofuels consumption, around 26,000 PJ ("25 'quads'), is 

equivalent to 36% of total LDC 'modem energy' consumption, which in 1986 was around 73,000 

PJ. Adding these two together, we can estimate that biofuels ·accounted for about 25% of total 

LDC energy consumption. 

Direct use of fuelwood accounts for an estimated 63% of total LDC biofue1s consumption. 

Wood used in charcoal production accounts for another 8%, crop residues account for 17%, 

animal dung accounts for 4%, and bagasse accounts for 7%. The magnitude of crop residues use 

for fuel is likely higher than shown in Table 5-1, since we did not have estimates of consumption 

for many countries where residues are known to be used (though in relatively small quantities). 

The shares of the different biofuels vary among the regions and countries. The regional fuel 

shares are summarized in Table 5-2 below. Crop residues are most significant in Asia, while 

wood for charcoal is minor. Direct use of fuelwood dominates total biofuels use in Africa. In 

Latin America, bagasse (including sugar cane for ethanol) accounts for around 30% of total 

biofuels consumption. 
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Table 5-2 
Estimated Fuel Shares in Total Biofuels Consumption, 1986 

(percent) 

Fuel wood Wood for Residues Dung Bagasse Total 
Direct use Charcoal 

Asia 62 3 25 6 3 100 
Africa 78 19 neg. neg. 4 100 
Latin America 51 19 neg. neg. 30 100 
Total 63 8 17 4 7 100 

For most of the countries shown in Table 5-1, direct use of wood dominates total biofuels 

consumption, but wood for charcoal is significant in Thailand, Sudan, Kenya, and Brazil. In Bra­

zil, most of the charcoal production is for steel manufacturing, and much of the wood derives 

from trees grown specifically for this purpose. Crop residues are important in China, India, and 

Bangladesh, and animal dung is significant in India, Bangladesh, and Pakistan. Sugar cane for 

ethanol production and industrial use accounts for about 30% of total biofuels use in Brazil, and 

bagasse use is also significant in Mexico. 

5.3. Change in National Biofuels Consumption 

To our knowledge, it is not possible to state with statistical certainty whether overall biofu­

els consumption is growing in any developing country. One can make inferences based on popu­

lation growth, but in most cases this is problematic due to lack of comparable surveys over time 

and uncertainty with respect to complicating factors, as discussed in Chapter 2. The time trends 

that can be derived from the FAO's Yearbook of Forest Products (which are subsequently pub­

lished in the UN Energy Statistics Yearbook) assume constant per capita consumption, which 

may be incorrect for many countries where the woodfuel situation is undergoing significant 

change. In the absence of longitudinal surveys, discussion with people with continuous experi­

ence in rural areas or in urban areas where woodfuels are important may be the best guide to the 

type of changes that are taking place in a particular country. 
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6. BIOFUELS USE AND GREENHOUSE GAS EMISSIONS 

The implications of human use of biofuels with respect to greenhouse gas emissions depend 

on the type of biofuel used, the manner in which the fuel is harvested (for woodfuels), and the 

design and utilization of the end-use technology. Accordingly, the impact on greenhouse gas 

emissions of improved efficiency of biofuels use and transition into non-biomass fuels also 

depends on these factors. In the case of improved stoves, the impact depends on the type of 

modification, since different designs have varying effects on emissions. 

6.1. Greenhouse Gas Emissions and Stove Efficiency 

Three types of greenhouse gases are produced from biofuel combustion: carbon dioxide 

(C02), nitrous oxide (N20), and various products of incomplete combustion (e.g. organic and 

inorganic aerosols, carbon monoxide, and methane). A rough estimate is that typical release of 

nitrous oxide and methane in biomass combustion is equivalent to approximately 10 percent of 

C02 emissions.1 The greenhouse impact of these gases is much greater than C02, however: about 

200 times more in the case of N20, and about 20 times more for methane (Ramanthan et al., , 
1985). 

In general, the less. fuel usect for a given cooking task, the less of each type of emissions 

will be released. Fuel utilization in cookstoves, however, is a function of two internal 

efficiencies: combustion and heat transfer. Design and operation changes that reduce overall fuel 

utilization sometimes increase one internal efficiency at the expense of another. In particular, 

heat-transfer efficiency is often increased at the expense of combustion efficiency. Reduction in 

combustion efficiency has a small effect on C02 emissions but causes a large increase in release 

of incomplete combustion products (Smith, 1989). Changes in stove design that improve 

efficiency by increasing combustion temperature lead to higher emissions of N20. Thus, the net 

impact on greenhouse warming of changes in stove design that result in lower fuel use depends 

on the design, as well as on how the improved stove is used in practice. While it is possible that 

design changes can increase greenhouse gas emissions per unit of fuel burned, the reduction in 

fuel use may still lead to lower emissions per meal cooked. 

6.2. The Importance of Biofuels Sources 

The impact on greenhouse warming of biofuels use also depends on the type of fuel and the 

nature of harvesting. As shown in Table 6-1 below, use of biofuels results in additional C02 
release when the source of the fuel is trees felled specifically for fuel (either for direct use or for 

charcoal production), or branches and twigs cut from living trees on a non-sustainable basis. 

When the source is crop residues, animal dung, trees felled for agricultural land clearing, or wood 

residues from forestry operations, if the material were not burned as fuel it would oxidixe 

I Mark Modera, Lawrence Berkeley Laboratory, personal communication. 
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naturally on the ground and release C02• Burning for fuel releases C02 and other gases more 

rapidly, of course, and may prevent some carbon from being incorportated into the soil. Burning 

also releases nitrous oxide, which would not occur if the material were to decompose aerobically. 

When the source of wood is branches and twigs cut from living trees on a sustainable pro­

duction basis, whether from fann and homestead trees, plantations, woodlots, or natural forests 

and woodlands, there are no or few net C02 emissions, though in some cases if the wood were 

not harvested and burned as fuel the trees would grow and absorb carbon. The degree to which 

uptake of C02 is prevented by harvesting depends on the point in the tree's life at which harvest­

ing takes place. 2 Over its natural life, a tree sequesters carbon according to an S-shaped curve. If 

a tree is allowed to remain at its mature size in harvesting, the tree mass lost is minimal. In many 

areas, however, trees are cut down to small size; they may still be alive, but the loss of 

sequestered carbon is substantial, and harvesting may be such that the tree does not reach but a 

small portion of its carbon-sequestering potential. 

Table6-1 
C02 Implications of Biofuels Consumption 

Biofueltypelsource 

NON-WOOD 
Crop residues NO 
Animal dung NO 

WOOD 
Fallen branches and twigs NO 
Branches & twigs cut from living trees: 
On sustainable production basis NO* 
On non-sustainable basis YES 

Residues from forestry operations NO 
Felled trees for agricultural land clearing NO 
Felled trees specifically for fuel YES 

• Depends on manner of harvesting. 

One can estimate total C02 emissions from combustion of biofuels in developing countries 

using the values in Table S-1. Dry wood averages about SO% carbon by weight Assuming a den­

sity of 1.4 cu.m. per ton of wood in actual use, and a 20% moisture content (wet basis), we get 

0.29 tons of carbon per cu.m. of wood. This amounts to emissions 0.026 tons per GJ. If as an 

approximation we apply the same emission factor to crop residues and dung, total carbon emis­

sions from 1986 biofuels use in developing countries can be estimated at around 680 million tons. 

To place this in context, total carbon emissions from forest clearing are highly uncertain, but are 

estimated (based on 1980 data) to range between 600 and 2600 million tons per year (Houghton, 

2 We acknowledge the comments of Ashok Gadgil of Lawrence Berkeley Laboratory in elaborating this 
poinL 
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et al., 1985). 

Much of the 680 million tons of carbon would be released into the atmosphere (though at a 

slower rate) in the absence of human use for fuel. As discussed above, ~owing about the sources 

of woodfuels is important for estimating the net C02 input to the atmosphere from human biofu­

els use, as well as the impact of improved end-use efficiency and substitution by non-biomass 

fuels. Comprehensive information about the origin of woodfuels is generally lacking, however. 

A wide spectrum of wood harvesting practices can be found in the developing countries, ranging 

from resource-preserving silviculture to high degrees of over-exploitation. Using a number of 

assumptions about woodfuel demand and production potential in various regions, the net annual 

atmospheric input from biomass energy use in the mid-1980s has been estimated to be 100-300 

million tons of carbon (Kohlmaier et al., 1986). This amounts to 2-6% of the annual input of car­

bon from world fossil fuel combustion. 

Summary. Use of biofuels results in net additions of C02 mainly when the source of the 

fuel is: (1) Trees felled specifically for fuel (either for direct use or for charcoal production), or 

(2) Branches and twigs cut from living trees on a non-sustainable basis. Harvesting from living 

trees, even on a "sustainable" basis, also reduces the capacity of trees to sequester carbon if they 

are not maintained at a mature size. The importance of different sources compared to others . 
a 

varies from one area to the next. In general, howev~r. one can say that the felling of trees .. 

specifically for fuel is mainly associated with urban fuelwood and charcoal demand, particularly 

that of larger cities. Cutting of branches from living trees on a non-sustainable basis is a 

phenomenon whose extent is difficult to assess, though it is likely to be more common in areas 

where fuelwood supplies are most scarce. 

6.3. Policies Affecting Biofuels: Greenhouse Gas Implications 

We discuss policies affecting biofuels in the next chapter. It is clear from the above discus­

sion that the impact of improvements in biofuels use and production (here referring to charcoal) 

efficiency on greenhouse gas emissions depends on the source of the biofuel and the nature of 

changes in stove design. Generally, improvements in end-use efficiency will have the largest 

impact on C02 emissions when they occur in urban areas, for which wood "mining" as opposed 

to sustainable harvesting is often a major source of woodfuels. · This is fortuitous, since purchase 

of improved stoves has been and is likely to be far greater in urban than in rural areas. 

The net impact on greenhouse gas emissions of the urban transition from biofuels to modem 

fuels depends on supply and demand-side factors. As these vary among urban centers and among 

households, it is difficult to draw general conclusions. On the supply side, the source of the 

biofuel and the manner of harvesting (wood "mining" vs. sustained yield management) are impor­

tant. For many urban areas, much of the wood and charcoal used probably comes from felled 

trees, some of which are felled for fuel purposes rather than land clearance. Data to quantify the 

sources of urban woodfuels are generally lacking, but the degree of reliance on wood "mining" 

undoubtedly varies considerably among cities and over time for a given city. In many cases 

where kerosene or LPG partially replace charcoal, however, the change would result in much 
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lower C02 emissions. 

On the demand side, the key factors for a given household are its level of woodfuel use 

prior to acquiring modem fuel equipment, the degree to which the modem fuel displaces the 

woodfuel (since in many and perhaps most cases the household retains its wood or charcoal stove 

and continues to use it for some types of cooking), the efficiency of the new stove, and changes in 

cooking habits as a result of having the new stove. Very little information is available to shed 

light on these factors, but in most cases the improvement in stove efficiency associated with the 

transition to modem fuels will bring about a substantial reduction in energy consumption. 

Efforts to increase biofuel supply through tree planting, whether specifically or indirectly 

for fuel, are obviously all to the good in tenns of greenhouse gas impacts. The growing trees 

sequester carbon from the atmosphere, and the fuel wood harvested from them may displace wood 

that might come from tree-felling or damaging harvesting from living trees. 
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7. POLICIES AFFECTING BIOFUELS 

The problems associated with the current use of biofuels in much of the developing world 

concern the welfare of those who rely on biofuels for their basic needs, the impact of biofuels har­

vesting on natural ecosystems, and the availability of the more desirable biofuels over the long 

term. In many places woodfuel resources are dwindling because of deforestation caused by the 

need for farming land, over-grazing, commercial logging, uncontrolled fires, and tree cutting for 

fuel As wood resources diminish, for millions of people the costs of obtaining woodfuels, 

whether in cash or time for gathering them, are imposing severe and increasing strains on already 

marginal household survival and production strategies. These impacts are greatest for the poor 

and for women. In many rural areas, women have to spend considerable time to gather biofuels, 

thus taking time away from other domestic tasks. Cooking with biofuels is also often unhealthy 
due to smoke emissions, and inconvenient as well. Increasing scarcity of higher-quality wood is 

bringing greater use of crop residues, which are usually even more inconvenient to use and may 

have valued alternative uses. 

The impact of biofuels harvesting on natural ecosystems varies greatly, but there are many 

areas where rural use and harvesting for urban markets contribute to degradation of forests and 

open woodlands. While fuel wood cutting is only one of the causes of deforestation (and not the 

major one in most ·places), the long-term availability of the traditional biofuels is threatened by 
the general deforestation that is occurring in many areas. 

As a result of the perception of problems associated with biofuels use, aid and lending agen­

cies and governments have over the past decade and more implemented policies and programs 

intended to affect biofuel supply and demand. In many places, indigenous non-governmental 

institutions and private voluntary organizations have also had considerable involvement in biofu­

els programs. 

There are three general technical solutions to the biofuels problem that policies and pro­

grams have addressed with varying degrees of effon and success. The first is to increase supply 

of biofuels. The second is to reduce demand among biofuels users by improving end-use effi­

ciency. And the third is to encourage fuel substitution away from biofuels. This seems straight­
forward enough, but in fact part of the reason why so many interventions have been unsuccessful 

is because of a too~narrow focus on woodfuels and the symptoms of their scarcity. Energy­

focused approaches have all too often ignored the much broader and deeper strains in the environ­

mental, social, economic, and political fabric, of which woodfuel scarcity is only one manifesta­

tion. Further, top-down and over-specialized approaches often failed to notice that in many 

places people were already responding to woodfuel problems in ways that are imaginative and 

less costly than most project interventions. It is now increasingly recognized that successful 

remedies for woodfuel problems must be firmly rooted in a broad context, though this is easier 

said than done. Before considering these approaches, it is thus important to briefly discuss the 

context in which policies and programs intended to affect biofuels supply and demand operate. 
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The Rural Context 

The rural economy is based almost entirely on the production and use of biomass of all 

kinds. Where biomass fuels are scarce - typically in dry regions, or on good land with high 

population densities - people usually face many other scarcities or have many other concerns in 

their attempts to secure decent livelihoods. Adequate fuel is only one such concem Whether or 

not people feel they have a significant energy problem depends on their prioritization of the costs 

entailed in fuel provision compared to those of other problems, and to the costs of doing some­

thing about it, such as buying or making an improved stove, or planting and maintaining trees for 

fuel. 

On the supply side, firewood is only one useful product or service of woody biomass · 

management, along with wood for construction and tools, animal leaf fodder, shade, fruit and 

nuts, windbreaks, and soil conservation. Decisions on the uses, planting, and management of 

woody biomass are made within complex and holistic perspectives of the entire land use and 

biomass economy. They are based on such fundamental issues as the distribution of landholding, 

security of tenure, changes in control and access to common lands, access to agricultural produc­

tion inputs, credit and markets, as well as soil and climatic conditions that govern the productive 

potential of land. 

These observations do much to explain the repeated failures of rural woodfuel interventions 

such as stove programs and energy woodlots. Based on energy-focused assessments by outside 

expens, they have all too often tried to provide solutions to problems that local people did not 

know they had or gave a low priority, and did nothing to tackle the fundamental causes. They 

also underlie the current focus on indirect approaches to the woodfuel problem, especially the 

encouragement and enhancement of many fonns of farm and agro-forestry for multipurpose pro­

ducts and services, with woodfuel provision as one product. 

The Urban Context 

Most urban consumers of woodfuels purchase them in well-organized markets. Supply of 

wood or charcoal may come from considerable distance, and originate from government forest 

lands, from agricultural land clearance, from open forest, and in some places, from fann tree 

crops. A key feature of the supply system is that urban consumers generally pay little or nothing 

for the production and replacement of the woodfuels that they consume, thereby often imposing 

substantial costs on rural people and the natural resource base. Since the mass of poor urban con­

sumers cannot tolerate substantial (or any) increases in woodfuel prices, there are strong (and 

mounting) pressures on woodfuel traders to take wood from any unguarded or 'open access' 

sources they can find or, if they must pay, to get it on the cheap. 

On the demand side, people with sufficient income typically move away from reliance on 

biofuels to .use of modem fuels where supplies. of the latter are adequate. What is uncertain in 

this process is the relative importance of economic reasons (reducing costs) and non-economic 

factors such as fuel preference and fuel availability. If the non-economic reasons dominate, peo­

ple may be more interested in substitution away from biofuels than in more efficient devices. For 
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example, low-income charcoal users might be more receptive to improvements in kerosene distri­
bution or efficient, low-cost kerosene stoves than in fuel-saving charcoal stoves. On the other 

hand, if costs are the dominant consideration, measures to support woodfuels saving may be more 
successful than the encouragement of fuel switching, although this will obviously depend to some 
extent on relative fuel prices. In a given city motives are likely to be mixed and to vary from one 

social group to another. 

7.1. Increasing Supply ofBiofuels 

Efforts to increase wood supply through peri-urban plantations and village woodlots have 
been a major focus of governments and donor agencies. In general, the success of these efforts 
has been minimal, and over the past two decades there has been a major shift in attitudes to fores­

try and rural tree growing by the donor community and governments. Although the shift is by no 
means complete, there is now a broad concensus that small-scale tree production for multiple pur­
poses is perhaps the single most important option for easing rural woodfuel problems and in help­
ing generally to sustain rural livelihoods. (See Leach & Mearns, 1988, and Munslow, 1988, for 
very informative discussions of opportunities and difficulties with this approach in Africa.) 

Techniques for integrating trees into farming systems, which generally fall under the head­
ing "agro-forestry", aim to use the productive and' protective features of woody plants to increase, 
sustain, and diversify total output from the land. Many studies and trials of various agro-forestry 

combinations have shown that they can provide large benefits in terms of extra wood, fodder for 
livestock, and increased yield of crops.1 Where there are well-developed markets for wood pro­
ducts, whether locally or in nearby urban areas, tree growing may well be a viable and attractive 
means of earning cash. It is well suited to farmers who are short of capital or labor, since tree 
growing for saleable output tends to be cheaper to start and is less labor intensive than cash crop­
ping. 

While agro-forestry is a promising option for increasing rural and urban woodfuel supply, 
and there are many success stories, it also faces a number of constraints. Resource-poor farmers 
are of necessity risk-averse, and tend to value short-term benefits. They may not be willing to 
invest scarce labor in trees that will take many years to yield income. Some agro-forestry options 
involve short-term costs which are perceived as prohibitive in relation to the stated long-term 

benefits. Lack of secure tenure over land and trees, or clear rights to their use, can also be a bar­
rier to development of rural tree growing. 

The nature of the involvement of external agencies is a crucial factor in overcoming the 
often formidable constraints to expanding agro-forestry. An examination of a large number of 

initiatives designed to assist tree growing by farmers in Africa concluded that success is more 
likely if projects incorporate and build on indigenous technical knowledge (Leach & Mearns, 

1 To the extent that trees can help intensify crop or livestock production. they reduce the need to clear 
woodlands and other tree resources to make new farming land, thus reducing deforestation. 
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1988). Placing greater control in the hands of local communities was also a key to success in 

many cases. Another critical lesson is the need for external agencies to be flexible and responsive 

to local needs, and to learn from and work with local communities. 

The interaction between fanners and urban markets is also important in developing agro­

forestry. People who have land often may have sufficient fuel for their needs or need little help in 

planting a few trees to provide more fuel. H they are to be induced to grow more fuel than they 

need themselves, there must be a market in which to sell woodfuels and other wood products 

which provides a greater return on investment than alternative uses of their land and labor. In 

many locations, these market factors are dominated by the demands of urban areas, which can 

extend far into the hinterland. Urban demands for woodfuels are often one of the principal causes 

of rural woodfuel depletion, but also provide the major opportunity for increasing rural fuel pro­

duction. 

7 .2. Improving Biofuels End-Use Efficiency 

Programs to design and disseminate more fuel-efficient cooking stoves have been a major 

feature of woodfuel strategies in developing countries, but in general results have been disap­

pointing (Manibog, 1984). To a large extent this is due to the emphasis of the first generation of 

stove programs on heavy-mass mud stoves for rural areas. The lifetime of these stoves has often 

been short, or they have not been well-adapted to user requirements. Where fuelwood could still 

be freely gathered, there was often low incentive for households to invest in new stoves (except 

where subsidies were offered). Low demand for stoves has in turn made it difficult for producers 

to maintain a steady income. 

There has been some controversy as to whether the improved stoves that have been dissem­

inated actually save fuel in practice (Foley & Moss, 1983). An important lesson of recent 

reviews of stove perfonnance is that whereas traditional cooking fires and stoves can be very 

fuel-efficient if they are operated carefully (and very inefficient if not), improved stoves tend to 

have consistently high efficiencies however they are operated. Recent tests on twelve designs of 

improved charcoal stoves, for example, found that at high power outputs fuel efficiencies of 40-

45% (roughly double that of traditional stoves) were obtained almost regardless of what utensils 

were used or how the stoves were used (World Bank, 1986). Substantial fuel savings have also 

been reported for improved rural woodstoves in Indonesia, Guatemala, and to a lesser extent, in 

North India (Joseph, 1987). 

While there have been some successes in rural areas as a result of strong, well-run pro­

grams, the prospects for improved stoves are much more promising in urban areas where com­

mercial markets already exist for woodfuels and stoves. In rural and urban areas, benefits other 

than fuel saving have proven very important to adoption and continued use of improved stoves. 

In the programs reviewed by Joseph, smoke removal was cited as an important factor by a high 

percentage of people who purchased stoves. Shorter cooking time is also an attractive feature for 

women. To enhance stove acceptance, stove producers must be able to adapt designs to meet 

consumers' demands for multiple benefits. 
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Along with sensitivity to the diverse needs of stove users, succesful dissemination of 

improved stoves requires attention to the needs of stove producers. Income from stove-making 

must be attractive relative to alternative activities, and credit to buy equipment and materials and 

assistance with marketing and planning may be necessary. Training and technical support may 

also be important to ensure quality control. 

Substantial woodfuel savings are also possible for industrial and commercial users. Fuel­

wood savings achieved at low cost in tobacco curing in Malawi and Uganda, for example, were 

75% and 65%, respectively (Floor, 1988). Regionally, agro-industries are often major consumers 

of available wood resources, and reductions in their consumption can have substantial effects on 

fuelwood supply for both rural and urban households. 

7 .3. Encouraging Substitution Away from Biofuels 

Apart from the wide range of policies that promote urban income growth among the poor, 

governments can encourage the transition away from biofuels in several ways. The most fre­

quently used lever is to control the prices of the main alternatives to woodfuels, kerosene and 

LPG. This approach has turned out to be less effective than one might suppose, however, 

because price controls do little to address the main constraints to fuel switching, which are usu-

.ally poor access to modem fuels and their unreliable supply, and high equipment costs for 
' modern fuels (see discussion in Chapter 4). Subsidies on kerosene and LPG usually most benefit 

middle-class consumers who may already have switched away from woodfuels. Subsidies can 

also have unintended results. In Senegal in the mid 1970s, for example, concern over deforesta­

tion led the government to heavily subsidize butane to encourage substitution away from char­

coal. The controlled price of butane became roughly one-fifth the price of charcoal on a useful 

heat basis. What happened was that charcoal use rose slightly but consumption of butane almost 

quadrupled as kerosene users rather than charcoal users switched into butane (World Bank, 

1983). 

Although pricing may have a role to play, there is now a growing consensus that fuel 

switching has to be encouraged by a more direct attack on the main barriers that prevent the 

urban poor from achieving their aspirations for modem fuels. Access to fuels and the reliability 

of supplies can be enhanced by (1) improving facilities for transporting kerosene and LPG within 

cities (especially to poorer districts) and to smaller, outlying towns; (2) improving storage facili­
ties to smooth out supply bottlenecks; (3) improving the supply of LPG cylinders; and by (4) pro­

viding support to retailers or encouraging the expansion of retail outlets. 

There are several options for reducing the costs of modem fuel devices and improving pro­

duct quality. These include: (1) encouraging local design, manufacture, and dissemination of 

appropriate, efficient, and hopefully low-cost kerosene and LPG cookstoves;2 (2) subsidies on 

2 Modem fuel devices are often imported. resulting in high consumer prices and foreign exchange costs, 
and may not satisfy consumer needs. If local manufacture could be built up sufficiently, economies of scale 
in production and marketing could result in substantial unit cost reductions. 
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kerosene and LPG stoves targetted to poorer families; (3) loan or stamp schemes to enable poorer 

families to spread the often prohibitively high first cost of kerosene and LPG equipment; and (4) 

experimenting with production and sale of LPG in smaller and cheaper than usual cylinders. 

Policies to encourage switching to petroleum fuels raise the question of the associated 

impact on foreign exchange (through increased oil imports or reduced exports). A study of 

replacing all urban woodfuels with kerosene for a number of African countries estimated that the 

increase in total oil demand would range greatly from less than 15% in middle-income countries 

to 25-50% for most of the lower-income countries (Byer, 1987). These findings suggest that the 

heavy costs in foreign exchange may render replacement of woodfuels with oil an unattractive 

option for most poorer countries. 

The need to rely primarily on a woodfuel economy need not be seen as "anti-development", 

however. If the woodfuel economy and its broader socio-economic context are handled with 

vision and determination, there are enormous opportunities for enhancing woodfuel supplies, 

while providing multiple benefits within the country for employment, income generation, and a 

more productive and sustainable environment 

7 .4. Conclusion 

The experience teaches that if policies and programs affecting biofuels are to create lasting 

successes, they must be sensitive to the broad context in which they are to be effective, and seek 

to reach underlying causes rather than simply heal the symptoms. An important element is the 

need for local assessments and actions. The natural, cultural, and economic settings in the 

developing world are extremely diverse, and problems and opportunities to solve them are there­

fore specific to place. It is also crucial to develop indirect approaches to woodfuel issues and 

greater participation by local people at every stage to help them to prioritize and solve their own 

problems. Success normally depends on starting and stengthening processes rather than simply 

delivering technical packages. The above elements highlight the need for decentralized and 

multi-disciplinary approaches. New institutional linkages, joint policies and data gathering, and 

other kinds of alliances between government agencies, extension services, and non-governmental 

organizations are all needed if woodfuel issues are to be addressed in a more holistic and relevant 

way. Lastly, there is also a need for economic, legal, and political initiatives at the macro-level 
.. - - ~. 

to improve the broad contexts for local change. 
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