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Abstract of

Urban Interfuel Substitution, Energy Use and Equity in
Developing Countries: Some Preliminary Results

The limited understanding about the nature of the energy transition hinder efforts
to formulate policy concerning the most effective and socioeconomic strategy for
providing energy for households in urban areas. Understanding the energy transition
will help provide a framework for understandint the policy choices for urban areas. At
what stage do the externalities cause by significant harvesting of wood around urban
areas Justify interventon to encourage households to switch to other fuels? At what
level of income is it realistic to expect that households will switch from traditional fuels
to modern fuell3? Do different energy pricing policies have a harmful or beneficial impact
on the poor? Do wood prices rise gradually in urban areas or do they suddenly shoot
up causmg problems for markets? Is there a role for government policy to direct the
pace of the transition between fuels?

The findings in this paper are a beginning attempt to start to answer some of these
fundamental poicy questions. From the preliminary evidence we can say the
government policy plays a very important role in influencing households to chose one
fuel over another. Secondly, policies to promote LPG for households with incomes that
are less than about 25 dollars per capita per month are likely to lead to disappointment.
Apparently electricity can be promoted at much lower levels income because of the high
value urban households have for lighting, although this will require substantial capital
costs by the electricity industry. In developing countries, wood fuels do not disappear
completely as incomes rise since many high income households still use wood, reflecting
the utility of these fuels for urban households. However, they do seem to disappea from
urban households in large metropolitan areas over 1 million population, where wood
apparently is very hard to obtain. The urban poor are probably affected most by urban
fuel policies, since they are spending a significant proportion of their incomes on energy.
Obviously, there is much more work to be completed before we fully understand the
dynamic patterns affecting urban interfuel substitution in developing countdes.
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U;ban Iterfuel Substitutin, Ener" Use and Equity in Developing Countries:
Some Prelmina Results

L. InfrducAion

1.1 The dramatic growti of urban populations in developing countries has
caused a rise in the demand for energy, food, water, and other resources. The growing
number of people living in urban areas of developing nations is quite dramatc. Over
1.25 billion urban dwellers live in 360 cities over 500,000. Overall population growth
rates for rural areas of between 1.5 and 4 percent per year are relatively high. By
contrast, the urban growth rates are even higher at among 3 and 7 percent per year. The
cause of the high growth rates is high birth rates and extensive nigration from rural
areas to cities. The migrants from mrral areas bring with them their traditional pans of
energy use, which are mainly based on the use of wood fuels. In urban areas demand for
wood products is highly concentrated, creating difficulties such as the environmental
problems associated with harvesting trees around urban centers. However, the urban
demand for fuels also creates opportunities for possible economies of scale in the
distribution of modem fuels.

12 Rapid increases in demand for energy resources has been the basis for
many energy-related problems in urban areas. In some countries, the poorer households
that use wood fuels are affected by rapidly rising wood prices without other market
choices being made available to them. In many cases' consumers do not even have a
choice between wood-based and modem fuels because they are not available in the
market place due to government policies or the relative remoteness of the urban
location. The supply of modem fuels such as kerosen, LPG, and electricity L urban
areas for cooking has been affected by sometimes inconsistent government p. icies.
Even where substitute fuels are available, there can be a substantial difference between
the economic cost of importing or producing the fuel and the cost that consumers
acually pay. Also, the environmental extenalities involved in harvesting trees for urban
markets are not reflected in urban market prices of wood (Openshaw and Feinstein,
1988; Teplitz-Sembitzky and Schramm, 1989; Newcombe, 1984). The growth in demand
for woodresources around cities has caused deforested rings around some urban centers
extending 100 kilometers and more (Bowonder and co-authors, 1987b; Allen and
Bares, 1985; Anderson, 1986; Fishwick and Anderson, 1979).

1.3 The purpose of this study is to systematically analyze the dynamics of
interfuel substitution in urban aras of developmng countries, along with exploring the
feasibility of substituting kerosene, LPG, or electricity for wood-based fuels. To
accomplish this task the study examines the causes of interfuel substitution in urban
areas. xe research includes an analysis of consumer behavior and how it is affected by
urban fuel policies, urban energy availability, and socioeconomic characteristics of
households within urbai- areas. Finly, the analysis must exanmne the potential effect
that encouraging interfuel substitution may have on income distribution and poverty.

1. Most past studies of interfuel substitution have been mainly for individual
urban areas, so they have examined the transition for specific urban areas under study.
The rewards of comparing energy use patterns between cities involve a major step
forward in understanding the energy wansiton in developing countries. By comparing



Urban Intebl Subsitution Page 2

ene use pattns between small and large cities, poor and rich income classes,
between regions with extensive forests and regions with few trees, and between areas
with government policies to subsidize modern fuels with those that tax them, a
qualitative jump can be made in understanding the processes that drive interfuel
substitution in developing countries. Maidng policy recommendations for individual
countries is not the goal of this paper, as this is left to those more involved in individual
country studies. Placing individual country in the context of a larger transition frame-
work, the quality by individual country studies can be improved.

1.5 The results of this study shed some light on the effectiveness of existing
energy policies in developing countries, the condidons under >bhich transitions to
modern fuels can be expected to occur, and the socioeconomic and environmental
impacts and consequences of interfuel substitution. As expected, the preliminay
findings indicate that government policy along with income has a significant impact on
residental fuels use i developing countries. A somewhat surprising finding is that
mamy of the poorest households in urban areas of developing countries use eecticity,
but rarely use LPG. In addition, wood fuel use is fairly extensive in all but the lagest
cities. It should be cautioned that the results presented m this paper are pre y and
more analysis is needed before firm conclusions can be drawn. Before turning towards a
more detailed ex on of the energy trantidon, we tun to some of the main policy
issues addd i the stdy.



Urban Inteifuel Substitudon Page 3

lI. Main Polcy Issues of the Energy Transidon

2.1 The main objectives of the research are to systematically organize the
individual country experiences and quantitatively analyze cross-urban patterns of
interfuel substitution. Although well-known problems exist for making such cross
ational comrpnsons, they overcome some of the difficulties encountered in the analysis

of individual countries or cities. This paper is a first step in analyzing the empirical
patterns involved in the energy transition. hLe larger objectives of the curent study are
to examine the factors that are associated with the transition from traditional fuels to
modern fuels. A different set of polFe .. .may be appropriate at different stages, whether
it is to continue to use wood, to impre { market access to modern fuels, or to promote a
switch to modem fuels. The extent to which wood fuel demand can be reduced through
interfuel substitution strategies are to be assessed. Some of the widely divergent
patterns of interfuel substitution in urban areas that occur despite similarities in
conditions need to be explained. Finally, the equity implications of existing fuel policies
and for existing patterns of fuels use in urban areas are to be examined.

2.2 Most of the work done to date on urban interfuel substitution has been
either at the level of one urban area or several urban areas within one country
(UNDP/World Bank, 1989a, 1989a, 1989b, 1989c, 1989d, 1988, 1987; Alam and co-
authors, 1986a, 1985b; Bowonder and co-authors, 1987a; Reddy and Reddy, 1983).
Much useful knowledge has been gained from the many good indiv "-al country
studies. Individual urban area or country studies have the advantage of examining in
depth the local conditions that are associated with different kinds of fuel use, es y
focusing on income as one of the key factors affecting substitution. General msights
Can be gained from all of them taken together. For example, the findings in Leach's
(1986) classic studies of energy in South Asia are based on cross-country comparisons
of average conditions and trends. His work provides useful insight regarding urban
energy transitions in South Asia.

2.3 Based on the findings of urban energy studies, the factors known to
influence energy transitions in various ways include the income, wood availability,
access to modern fuels, fuel prices, and government policy. People with low incomes
generally use fuelwood or charcoal as their main cooldng fuel (Munslow and co-
authors; Chauvin, 1981; Leach and Mearns, 1988; Sathaye and Meyers, 1985). By
contrast, people with higher incomes tend to use modem fuels. Higher wood availability
surrounding urban areas generally leads to more use of wood as a fuel, but does not
affect the fuel used in the upper income groups. Generally people in large, more
urbanized areas use more kerosene, LPG, and electricity. Evidence from urban energy
studies suggest that government policies tend to encourage the use of certain fuels as
people switch earlier than expected into the fuel and condinue using the fuel longer than
expected based on their income level (Fitzgerald and co-authors, 1990; Bhatia, 1988).
These commnonly held findings form the foundation for a complex series of forces that
affect the conditions under wbich fuel choices are based.

2.4 The following stylized description of the energy transition has been
developed utilizing the insights from the most recent literature on interfuel substtution
(see Barnes and Dowd, 1990 for a review). This description provides a framework



Urban Intel Substitution Page 4

conerning how people are currently meeting their needs for energy in urban areas,
whether tbere are socioeconomic problems that typically occur at different stages in the
transiton, and whether it is feasible or desirable m particular contexts to speed up the
transition to commercial fuels. The general description is based on both static and
dynamic inferences. It is static in the sense that a given city is represented at a fixed
point in time and at a fixed stage in the transition from wood to other fuels. As a
consequence, differences in energy use between cities may be caused by unique
chacteristics of the city. But it is dynamic in the sense that cities and towns today is at
different points in the energ transition.

2.5 The lowest stage is characterized by small cities with relatively low
income. In such cities there is extensive use of wood as a fuel, abundar.. wood
resources around the city, low wood energy prices, and limited availability of modern
fuels. In this stage agricultural expansion and shorter farm fallows surrounding growing
urban regions causes trees and bushes to be harvested from common land. At the same
time migrants are sftaming into urban areas, bringing with them their traditional and
mainly wood-based rural cooling haits. Although demand for wood in the urban areas
is increasing quite rapidly, this demand can be met fairly easily by the wood that is being
cleared from land that will be used for agriculture and from other land sufrounding the
urban areas. As a consequence the price of wood compared to alternative fuels remains
quite low, and there is little incentive for people to switch to alternative fuels. However,
even at this stage higher income households will switch to fuels such as kerosene,
charcoal or LPG, since these fuels generally are more convenient and produce less
smoke than wood. But the general pattern is that a high percentage of the urban
population will use wood as their prmary cooldag fuel.

2.6 The second stage is characterized by medium sized cities with
intermediate levels of wood use, moderate levels of wood resources around the city,
wood energy prices that are at or somewhat below prices of modern alternative fuels,
uldevelopedfuel markets, and intermediate levels of household income. In this phase,

populadon growth causes deforestation and degradation of land around the cities.
Consumer demand for wood products exceeds the rate at which trees ae regrown on
commnon land, so the wood is rapidly cleared from around the urban areas. During these
stage trees continue to be harvested from common or fallow land, pardy because the
future costs of replanting and environmental consequences still have not factored into
the relatively low maret price of the fuel. The combination of decreasing supplies of
wood fuels and increasing demand means that the price of wood fuels flares up or even
goes past the price of competitive fuels. In this period there may be a significant
substitution of charcoal and kerosene for wood. Charcoal and kerosene use will replae
wood as the main cooldng fuel because of both conveniences and the growing scarity
of wood. Since charcoal is lighter than wood, the transportation costs of hauling it to
the city is lower than for wood. For kerosene, the fuel can be made readly available to
middle elass urban consumers without to much investment on their part in cooking
equipment, and without too much investment by a government in a distibution system
At this stage the ability of consumers to pay for LPG and electricity for cooldnp would
sill be quite limited, although a growing number of higher income households will begin
to use these fuels.
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2.7 The third stage is characterized by large cities with low levels of wood
use, various leveis of wood rerources around the city, wood energy prices that are
competitive with the price of alternative modern fuels, developed modern fuel
markets, and high levels of household income. This stage is characterized by the
switch out of charcoal and kerosene to LPG or electricity. During this stage, incomes
will have risen substantally in urban areas, markets for fuels will be better developed,
and consumers will prefer do most of their cooking with LPG or electrcity, while
charcoal widl remain a fuel used for specifc traditionil meals. Developed countries and
some high income developing countries ae at this stage today. It is the process of how,
when and why people anive at this final stage that is of interest in this paper.

2.8 The above description is very general and there are many excepdons. At
present most of our understandings of the energy transition consist of case studies that
simply describe the process of moving from wood to the higher value conmnercial fuels
between income classes. From the extensive literature on individual cities or countries, it
is obvious that the process is not so very straight forward. In the middle of the
transition, there is a wide distribution of energy substitution and use. In addition there
ae distortions in the transidon, including periods when wood might be cheap in urban
areas because the prices are based on only cutting and transport costs. We provide this
sitylized account to place residant.i- energy use in a wider context. In order to better
explain the forces that cause the wide variation in energy use, we will examine the
associations between government policy citysize, and income class with respect to
energy prices, energy choice, and fuel use 1N urban households.
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III. Methods of Analysis

3.1 From a policy perspective it is just as important to understand how
cities and towns today compare to one another as it is to understand how energy use
has changed over time. It should l3 cautioned that when we talk of a transition, the
analysis will be based on careful comparisons of cities today controlling for factors
hypothesized to be important for the future fuel use in these cities. As cities evolve over
time it is expected that the changes in their characteristics such as income, city size, and
other factors will affect changes in fuel use. The ability to analyze such change is
possible only with significant variation between energy use and socioeconomic
characteristics of urban areas.

3.2 The effectiveness of government policies to encourage or discourage
different types of fuel use can be evaluated through a comparative analysis of urban
areas. As indicated, most existing studies have difficulty in dealing with the effects of
country-specific policy issues, particularly the effects of subsidies or taxes on interfuel
substitution. Although the work on individual countries in general is of high qual',y,
some problems arise when trying to examine the reasons for interfuel substitution in
urban areas. For instance, the comparative analysis of one urban area to another within
one country can be idiosyncratic, because of the lack of variation in a country's policies
towards fuels, a narrow range of price variation within urban arnas, and relatively fixed
resource endowments surrounding the city. In a single urban area, fuel policies
generally do not vary for the period of the study. This can be problematic for the
estimation of price elasticities because of the relatively small variation in prices for a
given city at one point in time.

3.3 A comparative urban research design in combination with an analysis of
urban household energy use in urban areas in individual countries will address most of
the important issues involving interfuel substitution. The force that drives the transiton
from wood fuels to kerosene, LPG, or electricity will vary both between countries and
between urban areas wihin countries. The analysis of the policy issues identified in the
research requires significant variance across all the important factors in the study,
including household energy use, income class, resource availability surrounding urban
areas, government policy, and socioeconomic conditions dependent on type of urban
area. The choice of comparative analysis of urban areas meets these requirements.

3.4 The analysis is based on actual surveys of urban household energy con-
swnption in 11 countries. Because a typical urban survey includes both prmary and
secondary cities, there are data for about 4-5 cities per country (see Appendix A for
cities in study) and the cities have been divided into about five income classes each. As
a consequence, for the countries included in the project, a data base of about 250
representative urban income classes is analyzed. The sample contains large and small
cities with significant variation across resources, along with cities which tax and cities
that subsidize particular fuels. As a consequence the analysis will be able to determine
the impact of these important variables on the process of interfuel substitution. For
instance, in the analysis kerosene subsidizing countries can be compared to those who
do not subsidize it (or those who tax it). In addition, we will analyze fuel choice and
quantities used within countries to determine the influence of income, family size, and
other charactristics on fuel choice and use in selected developing countries.
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RV. An Overvew of Urban Residental Ener,gy Use

4.1 Te overall results of the study indicate that govenment policy in many
countries plays an important role in influencing the fuels that households will choose for
satsfying their needs for energy in their homes. in the first section, the overall pans
of fuel use for 11 developing countries are presented. The 11 countries are from Asia,
Latin America, and Africa, representing wide diversity of geographical features and
economic development. In the second section, the effect of government policy will be
presented by exining national egates of fuel profiles of consumption and prices.
After this, we examine the effect of urban size on energy consumpdon. Firlly, we will
examine the differences in energy use between different income classes.

Overall Patterns of UJrbaw Energy Demand

4.2 The most striking finding when examining the average energy
consumption for the 11 countries is the relatively even distribudon of energy use
between the various fuels. Of course, the overall pattern of energy demand for 11
developin; countries is a relatively abstract figure in that it does not capture tf:h regional
varation i fuel use, but nevertheless it gives a picture of the Idnds of fuels being
consumed in developing countries. To make the comparisons between cities more
representative, the figures presented in this paper are weighted by city rather than the
population in the cities. As expected, wood fuels comprise a significant percentage of
urban household fuel consumption, with firewood and charcoal accounting for over 40
percent of total co (see figure 1). Ihis is especially true for the cities in Africa,
where both wood ad charcoal are consumed in significant quantities, but it is also true
for Haiti, a poor Caribben country. Surprisingly, kerosene is not used for household
purposes as much as might be expected, accounting for only one-tenth of total
residental energ consumpdon. Coal that is specific to China comnrises about one-
tenth of total consumption. Finaly, the highest value fuels LPG and electricity together
accounts for about one-third of total consumption.

4.3 Expenditures on fuels present quite a different picture compared to
consumption (see figure 2). Expenditue on wood fuels shrink to less than one-third of
total expenditures of fuel, whie expenditures on the high quality fuels of LPG and
electricity increase to just less than two-tbis. This iS an indication that urban
households place higher value on electricity and LPG, and higher income families will
purchase these fuels if they are avaflable to them. Also, many of the households that use
wood collect at of it, and this brings down their cash expenditue on this fuei. Based
on energy contet eletricty is the highest priced fuel followed by LPG. However, LPG
is very price competitive wit the other fuels typically used by middle income
households, including kerosene and charcoal. As will be explained later in the paper, the
poor spend a gar percentage of their income on energy, but purchase less and lower
quality energy tan more wealthy households.
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Figure 1
Average Household Fuel Consumption

In Urban Areas of 11 Developing Countries
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Figure 2
Average Household Fuel Expenditures

In Urban Areas of 11 Developing Countries
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Energy Policies and Urban Fuel Use

4.4 The patterns of urban fuel use do little to explain some of the individual
country variation in fuel consumption. It is evident from our preliminary analysis that
govenment polirS- I;as a significant role to play in the fuels that people chose for use in
urban househel1 % !. nce most govemment policies that affect fuel-including whether
modern fuels a ''-,d or subsidized--are decisions taken at the country level, in this
section urban rit. u :e at the national aggregate is exanined.

4.5 The subsidy or tax of modem fuels does appear to be a major factor in their
adoption by households in developing countries. The three countdes with significant
subsidies in our sample include Chmna, Zambia, and Indonesia. There are se;ral
intresting points to make about the countries that subsidize a major fuel. The first is
that the subsidies do appear to encourage consumption of that fuel. For instance, coal in
China is the lowest price fuel for all the developing countries in our study. As is evident
from figure 3, coal accounts for a significant proportion of total energy use for the 5
towns and cities in our study. The reason that the energy use is so high for China is that
heating is necessary in some of the towns in our sample, and coal is highly subsidized, so
it is used very freely. Interestingly, wood is a major fuel in Xiushui, China, a region
where fuelwood is available from the surrounding countryside and coal is not available
in large quantities because the town is located between mountain ranges and is
somewh*t diffilcult to reach by road. Likewise, in Indonesia the effect of the
government policy to make, kerosene available both to assist poor households and to
prevent deforestation seems to be effective, in those most people in Indonesia use
kerosene for cooking. In fact, of the 11 countries in the study, Indonesia is the only
country in which people use kerosene in a major way for cooldng. However, the policy
also has the effect of keeping higher middle class families from switching to the higher
value fuels of LPG or electricity.

4.6 The countries that have a more market-oriented policy environment
demonstrate a greater mi of fuels in use in urban households than those that either tax
modemn fuels or subsidize a major fuel. These findings even hold true after controlling
for income across countries. Although these countres are somewhat weighted towards
the more wealthy countries, most of these countries have policies to price fuels at their
international value and to make the fuels available for use in the country. The most
notable case is Cape Verde, a small Afdcan island nation. In Cape Verde the mix of fuel
use is quite evident, with extensive electricity, LPG, and kerosene being used by urban
households (see Figure 3). The prices of these fuels in Cape Verde are not subsidized
and reflect their maret value, and as a consequence people in the country spend a very
high proportion of their income on modern fuels.
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TABLE I

The RelatiOnhip Between Govelnment Polcy and Urban Household Enera
ConSUption, Cholce and Prices In Developind Countrie 1988

Brwy Use ad Pdce by Monhy Firewod Charo Coal Kerosene IRI Electicity
Poic Type cme USS

OWWg4*o00W 21.80 2.61 3.38 5.19 2.30 0.46 1.24
Subddy 77.98 1.25 0.63 0.00 0.73 3.06 2.94
Market 41.85 3.13 5.78 0.00 0.43 0.83 1.43
Tuaxed

Ejy Choice(%) 21.80 26.10 43.60 29.70 57.10 19.80 82.50
Subsidy 77.98 19.60 27.20 0.00 27.70 81.30 90.00
Marbkt 41.85 39.40 66.20 0.00 64A0 27.20 50.40

EnoxyP,ice(USS^KgoE) 21.80 0.14 0.17 0.03 0.24 0.26 0.48
Subsidy 77.98 0.34 0.64 . 0.39 0.40 1.25
Market 41.85 0.30 0.40 . 0.55 0.85 2.24
Taxed

UslEnl y Price(US$SAE) 21.80 0.97 0.77 0.11 0.69 0.40 * 0.56
Subsidy 77.98 2.42 2.92 . 1.11 0.61 1.47
Market 41.85 2.13 1.83 . 1.58 1.31 2.63
Taed

wMidl JuooneGrouwsOnl
([JS$ 2040)

1[gOFECapuW onth) 26.32 1.34 2.45 6.01 2.73 0.84 1.26
Subsidy 28.94 1.78 0.94 0.00 0.83 2.11 1A3
Malrtt 29.03 4.97 4.77 0.00 0.42 0.70 0.42
Taxed

agy Choie (%) 26.32 12.90 29.10 35.80 53.90 30.80 86.50
Subsidy 28.94 35.30 36.50 0.00 42.60 66.70 90.20
Marbt 29.03 60.90 48.60 0.00 64.20 24.40 35.20
Taxed

Bnery PAkN(US$Ig4OE) 26.32 0.13 0.21 0.03 0.23 0.26 0.51
Subidy 28.94 0.33 0.56 . 0.35 0.35 1.05
Mardkt 29.03 0.37 0.45 . 0.58 0.94 2.51
Taxd

UsmI Enegy Pic (USn44OB 26.32 0.91 0.95 0.10 0.67 0.39 0.60
Subsidy 28.94 2.36 2.56 . 1.01 0.54 1.24
Market 29.03 2.62 2.05 . 1.66 1.45 2.95
Taoe

Source: ESMAP Brgy Sudies.
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Figure 3
Government Policy And Fuel Consumption

In Urban Areas of 11 Developing Countries

Cod Is sIdbscd in chins
Kerosene Is sublid in IndoesI
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1 - /KeosIn LPG3 Ehctro

4.7 The countries with taxes on petroleum products are among the poorest
countries in the study. Burldna Faso, Mauritaia, and Haiti all have taxes on kerosene or
LPG, and as indicated in figure 3, people are discouraged from using these fuels. For all
three of these poor countries, people are using mainly wood or charcoal for their
residential energy needs. To be fair, this may be a reflection of the level of income of the
cities in these countries, but certainly the tax and foreign exchange constraints
associated with importing petroleum products contribute to the fuel mix in these
countries. However, preliminary analyses controlling for income also tend to confirm
these patens.

4.8 The final point about the countries that subsidize a major fuel is that the
price of other fuels in these countries is lower than in the other countries in the study.
As indicated in table 1, the subsidy of a major fuel seems to pull down the prce of
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alternative fuels. As a consequence, a major subsidy does not just affect the fuel being
subsidized, but rather can lead to distortions in the market prices of other fuels as well,
including the price of wood fuels. This means that policy makers should be aware that
fuel subsidies should not only be viewed as having a singular impact on particular fuels,
but will have a more widespread effect in the fuel economy.

The Effect of Urban Size on Fuel Use

4.9 The size of the urban areas is expectedto haveaneffectonboth the price
that people have to pay for a fuel and its availability for the local population; One
reason that city size has such effects is that smaller cites often are in more remote areas
that require transport of modem fuels. Consequently, higher transport costs may cause
the price of modern fuels to be higher. In addidon, smaler cities also obviously have
smaller markets, so that the distributors of modern fuels may not be as interested in
targeting them for sales. The lack of fuel alternatives in the market place may influence
the other prices in the marketplace. Another factor is that biomass often is more readily
available around the boundaries of smaller cities. The combination of sheer size and the
volume of demand for wood fuels around larger cities makes the local collection
problematic for poor urban residents. As a consequence they end up purchasing
charcoal, kerosene, or coal for cooking and other end uses.

4.10 The expectation was that with an increase in city size, people would have
less access to wood fuels around the cities. As a consequence, their use of wood fuels
would decrease. Contrary to this expectaton, for cities up to 1 million people, the use
of wood fuels is fairly extensive and does not decrease (see figure 4). Although it
appears that energy use is declining with CitY "ze, this is somewhat misleading because
of the extensive use of coal in the small to.ns and cities from China in the study.
Nevertheless, once cities reach a population of I million and above, their populations
switch from using biomass fuels to modern fuels, including LPG, electricity, and limited
amounts of charcoal. The large cities in the study include Manila, La Paz, Bangkok,
Port au Prince, and four cities in Indonesia, where very litde charcoal and virtually no
fuelwood is used for cooking. Partally because of the use of LPG and electricity in
smaller cities in countries like Cape Verde and Zambia, the amount of these fuels used in
the smaller cities is somewhat larger than expected. This is consistent with findings not
reported here that useful energy for cooldng does not appear to be dependent on city
size.

4.11 The income that is spent on fuel is not significanty dependent on city size.
The average share of income spent on fuel is about 12 percent, and it is slightly lower for
cities above 1 million. The implication is that both city size and the mix of the fuels
within different cities have very litle to do with percentage of income spent on a fuel for
urban households. Rather, as will be evident in the next section, the imotant factors
affeetin£ income expenditures on fuel include the level and distribution of income

ithin icties. The important finding is that although the sheer size of the city does affect
what fuels househ lds will adopt, it seems to have very litde to do with the amount of
money people wil, spend on those fuels.

4.12 The size of the city is somewhat correlated with the price of different fuels
(see table 2). As might be expected, the price of electricity, kerosene, and LPG declines
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with city size, while the price of wood fuels remains almost constant. It is clearly part of
the reason people in smaller towns and cities do not use as much modern fuels as that in
the lager urban areas is because the prices they pay for the fuels are somewhat higher
than in the largest cities, especially those above 1 nmillion people, and incomes in such
towns are generally lower. A surprising finding is that the price of wood fuels is higher
in the smaller cities. This is probably because some of the smaller urban areas in the
sample, including Mauritania and Yemen, have very litde biomass around them. In a
later analysis, we will be able to examine the impact of biomass supply around cities on
residential fuel use patterns. As indicated above, the reasons that the price of the fuels is
higher in smaller cities in part can be explained by the higher distribution costs for
electricity and the higher transportation costs of LPG and kerosene.

TABLE 2

The Relationship Between City Size and Urban Household Energy Consumption
Choice and Prices In Developing Countries, 1988

city Size City Size Monthly Fiwood Charcoal Coal Kerosene LPG lecicity
COOO) nOUme USS

Eqy

Town 33.89 38.19 3.82 3.33 3.85 0.21 1.70 1.41
Smau City 102.54 41.38 2.19 2.15 3.11 0.62 2.12 1.59
Midl city 526.98 35.74 3.41 3.08 0.00 1A0 0.60 1.27
Lap city 3718.13 55.82 0.24 1.24 0.00 3.35 1.68 2.82

Enrg Choice (%)
Town 33.89 38.19 52.50 40.00 16.80 33.60 46.50 64.10
Small City 102.54 41.38 25.10 36.10 21.10 37.20 60A0 78A0
Middl Ciy 526.98 35.74 47.90 53.30 0.00 64.50 23.00 69.50
Larg Cit 3718.13 55.82 4.30 28.00 0.00 61.30 37.30 95.40

EngyPNc

Town 33.89 38.19 0.27 0.29 0.03 0.45 0.53 1.64
Small city 102.54 41.38 0.26 0.57 0.03 0.40 0.48 1.23
Mide city 526.98 35.74 0.27 0.38 . 0.34 0.51 1.15
Large City 3718.13 55.82 0.22 0.29 . 0.24 0.36 0.78

Use Energy Pce
(US$lBOBE)
Town 33.89 38.19 1.92 1.33 0.09 1.28 0.81 1.93
Smal Clty 102.54 41.38 1.82 2.60 0.12 1.14 0.74 1.45
Midle City 526.98 35.74 1.95 1.73 . 0.98 0.79 1.35
Lar City 3718.13 55.82 1.58 1.32 . 0.69 0.55 0.92

Sowu ESMAP Energy Stues.




