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THE TRANSITION TO COMMERCIAL ENERGY IN DEVELOPING COUNTRIES:
 
A CASE STUDY OF HOUSEHOLDS IN INDIAN CITIES
 

I. Introduction and Summary
 

The transition in developing countries from traditional to commercial
 

fuels is one of the least understood and under-researched areas of energy
 

analysis.1 Yet this transition figures prominently in major policy
 

problems, ranging from the adequacy of energy resources in these countries,
 

to the role of energy in economic growth and income distribution, to the
 

relationship of use and environmental degradation. The substitution of
 

petroleum for fuelwood, for example, may relieve pressure on forest
 

resources (in turn, reducing erosion and flooding), but also leads to
 

larger oil import bills and fewer opportunities for poor households to
 

moder lize their use of energy. Understanding patterns of economic
 

substitution among fuels remains incomplete, just as does research on the
 

links between fuelwood demand and deforestation.2 Consequently, the
 

interaction of demand between traditional and commercial fuels has become
 

an area of significant policy interest.
 

A major sector where the transition from traditional to commercial
 

fuels is taking place is in urban households. This study investigates this
 

sectoral transition in Raipur, a city in the Indian state of Madhya
 

1. 	In this study, the generally accepted distinction between traditional
 
and commercial fuels is adopted: traditional fuels include wood,
 
charcoal, and animal and crop wastes, and commercial fuels include
 
petroleum products, natural gas, coal, and electricity. The
 
distinction has been made on the basis of the typical trading of
 
commercial fuels in commercially organized markets, although the
 
distinction can become blurred, especially in urban areas. See
 
discussion in Dunkerley, Ramsay, and coauthors (1981, pp. 45-46).
 

2. 	For an up-to-date overview of the gamut of these issues concerning
 
energy and developing countries, and an excellent bibliography, see
 
International Development Research Centre (1986).
 



Pradesh. The focus of the study is on the use of energy for cooking,
 

estimated to constitute about 8OX of household energy consumption in
 

developing countries. 3 Using household survey data, the study identifies
 

patterns of commercial and traditional energy consumption as determined by
 

relative prices of energy, family income, and family size.
 

This approach closely follows an earlier study by Alam, Dunkerley, and
 

coauthors (1984) that investigates household energy use in Hyderabad, the
 

capital of the state of Andhra Pradesh. Conforming to the framework of the
 

Hyderabad study is intended to improve understanding of interurban patterns
 

in the sectoral fuel transition. In addition to differences in average
 

income between the two cities, variation in fuel prices might also be
 

expected to affect household energy use. In particular, climate and
 

resource endowments, which can be significant determinants of fuel prices,
 

are quite different between Hyderabad and Raipur. Hyderabad is located in
 

a southern, semi-arid region with limited forest resources; Raipur is
 

situated in humid central India and has abundant forest resources (see map
 

in figure 1). Recognizing and measuring such interurban differences may
 

improve national energy policymaking. Likewise, policies that directly or
 

indirectly alter urban income distributions or relative prices may have
 

consequences for patterns of energy use.
 

In addition to an investigation of interurban variation within India,
 

the Raipur study, like the Hyderabad research, contributes methodologically
 

to the sparse literature on energy use in developing countries. The
 

contribution arises primarily because both studies are based on survey data
 

collected expressly for the studies. Although survey-based analysis is
 

3. See Cecelski, Dunkerley, and Ramsay (1979, p.7).
 



becoming more frequent,4 researchers inlarge part have had to rely only on
 

highly aggregated, nationwide data or secondary data to understand energy
 
5
 

use in developing countries.


Among the conclusions of this study are:
 

-- Mean monthly per capita consumption of energy for cooking in Raipur is
 

close to reported estimates for households in other areas of India.
 

-- Wood is the predominant cooking fuel. Households at all income levels, 

except a small percentage of those with the highest incomes, use wood for 

36X to more than 80% of cooking-energy consumption. 

-- The average use of liquified petroleum gas (LPG) for cooking approaches
 

at most about 40% among only 3% of the highest income households.
 

-- Certain traditional and commercial fuels are often jointly used -- wood
 

and kerosene, in low- and middle-income households, and charcoal or coal,
 

together with kerosene, found in small amounts at all income levels. Thus,
 

traditional and commercial fuels appear imperfectly substitutable, or in
 

fact may be complements rather than substitutes. Fuel complementarity may
 

prevail in the case of consumption of charcoal and kerosene or coal and
 

kerosene, reflecting in particular the use of traditional stoves to prepare
 

certain foods (apractice that other research has found to characterize
 

many households irrespective of income).
 

4. For example, recent analyses based on survey data include Sazama's
 
(1986) study of Costa Rica and Down's (1985) research on Indonesia.
 

5. See Dunkerley, Ramsay, and coauthors (1981, chapters 2 and 3),
 
Cecelski, Dunkerley and Ramsay (1979); or Henderson (1975).
 



-- Scale economies with respect tohousehold size are evident in the use of
 

energy for cooking.
 

-- Income elasticities for energy are commensurate with elasticities 

estimated in the Hyderabad study and elsewhere. The elasticities indicate
 

that a 1OX increase in income will increase energy demand about 5X.
 

Increases in income also increase the share of LPG, and decrease the share
 

of wood, in energy expenditures.
 

-- Levels of total energy consumption in Raipur and Hyderabad are quite
 

similar, and may be explained by the nearly identical mean household
 

incomes and income distributions between the cities. Energy expenditures
 

are larger in Raipur, however, possibly due to differences reported in fuel
 

prices in each city (leading also to different fuel mixes for households).
 

The next section of the study describes the survey. Part III presents
 

analytical results for Raipur, and part IV offers comparisons with
 

Hyderabad. The concluding section suggests directions for further
 

research.
 

II. The Raipur Survey
 

The survey was administered to 495 randomly sampled households in the
 

city of Raipur during 1985. Information was collected regarding household
 

size and age composition, income, education, occupation, and housing.
 

Questions about energy consumption included types and quantities of energy
 

used for cooking in the household, energy expenditures, appliance
 

K) 



ownership, and fuel preferences. Additionally, the suivey gathered
 

information on seasonal variations in fuel consumption, the types of
 

energy-using activities undertaken by the household; and changes in energy
 

use over the last ten years. Appendix A contains a copy of the survey.
 

The 	variables selected for this study include:
 

1) 	Monthly household income;
 

2) 	Number of adults in the household;
 

3) 	Number of children in the household; and
 

4) 	Monthly household consumption of and expenditures for these fuels
 

in cooking:
 

a) 	fuelwood;
 

b) 	charcoal;
 

c) 	coal;
 

d) 	kerosene; and
 
6
 

e) liquified petroleum gas.
 

Where possible, this information was cross-checked for consistency with
 

more qualitative questions asked during the survey; for example,
 

information regarding the price and quantity of coal used by the household
 

was compared with the household's answer to a separate question, "Do you
 

use coal?" About six percent of the 500 observations were eliminated from
 

the sample because of a missing or inconsistent response to at least one of
 

the 	selected variables.
 

6. 	Fuels included in the survey but omitted from the analysis account for
 
only about 5% of total cooking energy in the sample. The omitted fuels
 
are sawdust, charcoal briquettes, bio-gas, coke, crop wastes, dung, and
 
electricity. Electricity is used primarily for lighting.
 



III. An Overview of Household Energy Use in Raipur
 

This section describes the results of the survey. Patterns of energy
 

use as measured by quantities consumed are reported first, followed by an
 

analysis of energy expenditures.
 

Energy Consumption
 

Table 1 offers a starting point for depicting general patterns of
 

household fuel use as reported in the survey data. The table presents data
 

on energy consumption by type of fuel and across income classes. As
 

indicated, the mean monthly household consumption of energy for cooking in
 
7
 

Raipur in 1985 was 1.8 million Btu's. In per capita terms this represents
 

about 3.2 million Btu's annually, an amount comparable to estimates for
 

urban households in other Indian cities. 8 Wood is the predominant source,
 

accounting for about 60% of total cooking energy. LPG, charcoal, kerosene,
 

and coal each comprise some 8 to 12% of the total.
 

Because the physical combustion efficiencies of these fuels vary
 

widely, and because combustion efficiency transforms fuel into the actual
 

energy services used by households, it is also informative to convert the
 

energy "input" data to energy "output" data. Both measures provide
 

7. 	Appendix B lists the Btu-equivalent conversion factors for each fuel.
 

8. 	The per-capita amount for Raipur is based on average family size as
 
measured by the survey. Estimates for other cities are noted in
 
Cecelski, Dunkerley, and Ramsay (1979, pp. 15-17). These cities
 
include Delhi and Bombay, where per capita consumption among lower
income households in the mid-1970's was estimated at 4.5 to 5.4 million
 
Btu's; assuming that about 80% of household energy use is for cooking
 
(as noted above) results in 3.6 to 4.3 million Btu's per capita. These
 
lower-income households may be reasonably comparable to average-income
 
households in Raipur, because mean income in Raipur is less than in
 
Delhi and Bombay.
 



insights into research and policy questions related to energy use; for
 

example, input quantities indicate the level of demand for energy resources
 

such as petroleum or wood, and output quantities indicate the approximate
 

extent to which resources are physically substitutable while maintaining a
 

given level of energy services.9 The most notable effect of the conversion
 

to output energy units is the significant disparity between the
 

efficiencies of traditional and commercial fuels. Cooking with wood and
 

wood-derivatives such as coal and charcoal is highly inefficient; coo.Jing
 

with LPG and to a lesser extent kerosene is much more efficient. For
 

instance, only about 30% as much LPG (inBtu's) is necessary to supply the
 

same level of cooking services provided by a given quantity of wood. As
 

discussion of the conversion measurements indicates, much of the disparity
 

is attributable to the contribution of the cooking medium (as examples, an
 

open fire or an LPG stove) to energy efficiency.1
0
 

Table 2 displays the data from table 1 converted to output energy.
 

Reflecting the effect of using converted units to measure output energy,
 

the ratio of average total output and input energy is about 25%.
 

Compared with the large share of wood in input energy, wood and LPG
 

together account for the largest shares of actual energy services as
 

measured by output energy (42% and 28%, respectively). The share of
 

kerosene is also large (18%). Shares of charcoal and coal are
 

comparatively small (8%and 3%, respectively).
 

9. 	Although the distinction between energy input and output is widely
 
acknowledged, conversion factors that accurately adjust for differences
 
in qualities of a given fuel -- say, various types of wood or different
 
cooking techniques that may affect fuel efficiency -- are more
 
difficult to specify. Appendix B lists the factors used here and the
 
sources for this information. In addition, an informative discussion
 
of combustion efficiency is in International Development Research
 
Centre (1986, especially pp. 84-85).
 

10. See reference in preceding note.
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Tables 1 and 2 also illustrate marked differences in the specific
 

fuels used as household income varies. Average monthly household income in
 

the sample is about 1400 rupees (Rs); about 75% of the sample households
 

are at or below this income level. Among households with below-average
 

income, wood supplies from 50 to more than 80% of input energy. Even
 

middle- and above-average income households use wood for as much as 36 to
 

45% of input energy. Only the highest income households, with at least
 

twice the average income, use wood in amounts approaching 10% or less of
 

their total input energy. These households represent about 6% of the
 

sample population.
 

The use of LPG sharply contrasts with this pattern of wood
 

consumption. LPG as an energy input is used only in small amounts at the
 

lowest incomes. It comprises 12 to 18% of input energy for a large range
 

of middle incomes, and from a fourth to a third of input energy among
 

above-average income households. The use of LPG approaches at most about
 

40% among only 3% of the highest income households.
 

Charcoal or coal, together with kerosene, supplement the input energy
 

requirements of all households, although charcoal, rather than coal, tends
 

to be used by households with middle and above-average income.
 

A similar pattern of the income-related use of specific fuels
 

describes the share of fuels in providing actual energy services, as
 

indicated in table 2. Because wood, charcoal, and coal have lower
 

combustion efficiencies than LPG or kerosene, these fuels contribute less
 

to output energy than to input energy. Even in terms of output energy,
 

however, wood continues to supply from nearly 40 to some 70% of energy
 

services in average and below-average income households. Kerosene also
 

provides a large share of output energy for these households, and LPG
 



supplies more than 25X of energy services for households with incomes as
 

low as 1250 Rs. The output share of LPG also rises more sharply with
 

income than its share in energy input.
 

The tables indicate the proportional use of kerosene and coal, and to
 

some extent, kerosene and charcoal, at incomes up to about 2500 Rs.
 

The use of a chulah, a traditional stove which requires combining coal or
 

charcoal with kerosene, may underlie this pattern of proportional
 

quantities; the prevalence of the pattern across income groups may reflect
 

household preferences for the taste imparted by chulahs. 
2
 

Tables 3 and 4 make possible additional inferences about fuel patterns
 

by reporting the number of households using various combinations of fuels.
 

The use of several fuels may reflect the desire to be able to substitute
 

among fuels as a safeguard against shortages of some fuels, 13 or patterns
 

of complementarity across fuels.
 

As tables 3 and 4 suggest, wood and kerosene (which can also be
 

combined in a chulah), and to a lesser extent, wood, kerosene, and coal are
 

the most likely combinations among lower-income households (less than 1250
 

Rs.). Combinations of wood and kerosene or LPG and kerosene are most
 

frequent among middle- and upper-income groups. Some higher-income
 

households also combine LPG, kerosene and charcoal. Only the highest

11. 	 The particularly large amount of charcoal used by households with
 
incomes of 3000-4000 Rs. (see tables 1 and 2) may reflect reporting
 
errors, in that these data appear inconsistent with the patterns
 
otherwise prevailing for this fuel at these higher income levels.
 

12. 	 See Kharbanda and Qureshi (1985, p.63) for evidence of household
 
preferences for chulahs. A survey of appliance ownership in Calcutta
 
also indicates the use of chulahs at all income levels. See Cecelski,
 
Dunkerley, and Ramsay (1979, p. 26).
 

13. 	 For instance, see discussion inAlam, Dunkerley, and coauthors (1984,
 
p. 66).
 



income households in the sample use one fueI exclusively; about 38X of
 

households with.incomes over ,4000Rs. useLPG alone.
 

Energy Expenditures
 

Table 5 illustrates the relationship between household energy
 

consumption, energy expenditure, and income. Spending on energy inputs
 

increases with income, reflecting the higher prices of those fuels that
 

comprise the energy mix of higher-income households. As the price data in
 

table 6 indicate, the Btu-price of LPG, for instance, isnearly three times
 

as large as that of firewood. As a percent of income, energy expenditures
 

decline as household income rises. In addition, total energy consumption
 

per household increases more rapidly with income when output energy is
 

measured than when input energy ismeasured. This suggests that cooking
 

may involve more or larger meals as households use more efficient types of
 

energy, or that associated with more efficient energy are additional
 

attributes, such as convenience, cleanliness, or taste (this point will be
 

discussed further below).
 

Larger household incomes partly reflect larger household size, however
 

(see table 7). For this reason, the regression results described in table
 

8 are helpful in disentangling the separate effects of household income and
 

size on energy consumption and expenditure. The regressions relate
 

household energy input, output, and expenditure to income and size. As is
 

typical of empirical evaluations of household consumption, variables are
 

expressed in logarithms to capture the nonlinearity of the size
 

distribution of income (ingeneral, and as will be discussed later, in this
 



study, income distributions tend to be skewed towards low- and middle

14

income households).
 

As is also typicalt household size is scaled to account for
 

differences in the age composition of households. Accordingly, household
 

"equivalent size" is a weighted sum of the number of adults and children,
 

with 	weights declining for additional adults and for children. For this
 

study, weights are 1 for the first adult, .64 for each additional adult,
 

and .37 for each child. 15 Reported household size and equivalent measures
 

are both listed in table 7. As the table demonstrates, scaling reduces the
 

variation in household size across income groups and increases the
 

variation in mean monthly per capita income.
 

Table 8 lists regression results. Equations (a) and (b) confirm that
 

energy consumption increases slightly with income, even after controlling
 

14. 	 The functional form used here is double logarithmic, in that both the
 
dependent and independent variables are expressed as logarithms. This
 
form corresponds to that used in the Hyderabad study, although there
 
are other functional forms that are often used. Among the
 
implications of the double-logarithmic form for the underlying nature
 
of demand for energy are that 1) the elasticity of demand is constant
 
with respect to income, and 2) the so-called "adding up" constraint is
 
not necessarily satisfied ("adding-up" requires the weighted sum of
 
income elasticities over all (energy and non-energy) components of
 
household demand to equal 1, where the weights represent the share of
 
each component in total household expenditure). The first implication
 
is a testable hypothesis, but insofar as constant elasticities are
 
estimated in most studies, including those of developing country
 
energy patterns to be discussed below, the assumption is retained for
 
purposes of this study. The second implication has been found to bias
 
parameter estlmates less in cross-section data, as are used here, than
 
in time-series data. For additional discussion, see, among others,
 
Deaton and Ifuellbauer (1980) and references cited therein, and with
 
special reference to energy consumption, Lareau and Darmstadter (1983,
 
especially pp. 74-75), and Bohi (1981). Future research on developing
 
country energy demand might addres. both issues.
 

15. 	 These weights are reported in Layard and Walters (1978, p. 450). As
 
reported, the weights for children vary with age. Because the Raipur
 
data do not include age information, children receive the average
 
value noted above.
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for household size, but that consumption of output energy is more
 

responsive to changes in income than is input energy. Because the
 

regressions are estimated in logarithms, the coefficients can be
 

interpreted as elasticities. Both input and output energy are thus normal
 

goods, in that their estimated income elasticities are positive and
 

significant, and necessities (as opposed to luxury goods), in that the
 

elasticities are less than one. A 10% increase in income generates an
 

estimated increase in the consumption of input energy of about .9% and of
 

output energy of about 5%, almost six times the increase in input energy.
 

Increases in income thus appear to lead to small increases in energy
 

consumption, and also to substitution towards more efficient types of
 

energy#
 

Economies of scale in energy use are also evident, in that energy use
 

increases less than proportionately with household size. Scale effects are
 

more pronounced for output energy, as an increase in household size leads
 

to a smaller increase in consumption of output energy than of input energy.
 

Again, this result reflects the effect of the composition of types of
 

energy with respect to energy efficiency; households cooking more or
 

larger meals because of larger household size increase their consumption of
 

energy, but by slightly less in output terms than in input terms.
 

Another way to demonstrate the relationship between income and energy
 

consumption is using expenditure information. Regression (c) in table 8
 



indicates that spending on energy increases with income, holding household
 
i 16
 

size constant* Expenditures as a percent of income vary with income by
 

the amount (b-1), where b represents the coefficient on (ln Y) in
 

17

regression (c). Because the estimated coefficient is less than one,
 

expenditure as a percentage of income decreases with income.
 

The expenditure elasticity (as distinguished from the income
 

elasticities described above) is measured by reported household expenditure
 

on input energy (that is, using input quantities and input prices, rather
 

than 	quantities or prices reflecting efficiency adjustments noted earlier).
 

Thus, the elasticity reflects the response of actual spending by households
 

to changes in income. Because expenditure and income elasticities are
 

algebraically equal for commodities that do not require input versus output
 

measurement, it is instructive to observe that the expenditure elasticity
 

estimated here more closely approximates the income elasticity measured
 

with 	respect to output rather than input energy.18 The probable reason for
 

this 	result is that the response of expenditure to a change in income
 

16. 	 Estimating expenditure patterns using cross-section data, as is done
 
here, frequently involves the problem of heteroskedasticity. The
 
problem arises when the error term is correlated with income; low
income households spending a larger proportion of income on
 
necessities, for example, are likely to have lower unexplained
 
variance than high-income households having more discretionary income.
 
Tests for heteroskedasticity did not indicate it to be a problem in
 
the Raipur data, however. Results of the test are available from the
 
author.
 

17. 	 This result follows because of the use of logarithms in the functional 
form for the regressions: ln (EXP/Y) = ln EXP - ln Y - a + b ln Y 
ln Y - a + (b-i) ln Y, where EXP and Y denote energy expenditures and 
income, respectively. 

18. 	 The algebraic derivation of income and expenditure elasticities is
 
straightforward. Regression results should yield roughly equal
 
elasticity parameters but different intercepts, which are shifted
 
because the expenditure equations are the quantity equations scaled by
 
the price terms. For discussion of both points, see Deaton and
 
Muellbauer (1980, p. 19).
 

\C
1 
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involves interfuel substitution towards more efficient fuels (as income
 

increases). Thus, input quantities weighted by prices (that is, energy
 

expenditure as used in regression (c)) approximate the levels of actual
 

energy services purchased by households (that is, reflect energy
 

efficiency). Horeover, the expenditure elasticity probably captures the
 

effects of nonefficiency attributes of fuels, such as taste or cleanliness,
 

that 	higher-income households demand.19
 

Expenditure on specific fuels as a percent of total energy expenditure
 

also 	varies with income, as indicated in regressions (d)and (e).
20
 

Increases in income lead to decreases in the share of spending on fuelwood,
 

and increases in the share of spending on LPG.21  Regressions analogous to
 

(d) and (e) for kerosene, coal and charcoal perform quite poorly on the
 

basis of summary statistics, and income is not a significant determinant of
 

spending on these fuels. As noted earlier, it appears that households tend
 

to use some quantities of these fuels irrespective of household income.
 

19. 	 See Behrman and Deolalikar (1987) for discussion of this point in the
 
case of food and nutrients. In that case, the total expenditure
 
elasticity for nutrients is overstated by the total expenditure
 
elasticity for food, because the demand for nonnutritive qualities
 
(convenience, appearance, taste) also responds to income and hence
 
influences the measurement of food expenditure elasticity.
 

20. 	 In equations (d) and (e), expenditure on specific fuels is expressed
 
as a share of total energy expenditure to better satisfy the adding up
 
constraint mentioned above. See also discussion in Deaton and
 
Muellbauer (1980, pp. 17-18). The variables in these equations are
 
expressed per capita.
 

21. 	 The sample for each regression includes only those households
 
reporting use of the fuel in question; it can be shown that the
 
estimated coefficients may be biased towards zero (inother words,
 
households who do not use LPG or kerosene, for example, may not use
 
these fuels because LPG or kerosene stoves are unaffordable; if so,
 
then omitting these households from the regression sample also can
 
reduce the estimated sensitivity of spending to income). An
 
alternative, although more complicated model of energy consumption
would take account of joint decisions about appliance purchase and
 
fuel use.
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This section has summarized observed patterns of fuel use, income, and
 

household size for Raipur. The next section compares these observations to
 

findings of a similar study of Hyderabad.
 

IV. Raipur and Hyderabad: Can generalizations be made?
 

One of the purposes of this study is to make possible a comparison
 

between household energy use in Raipur and Hyderabad, and in the process,
 

begin to build a body of information from the level of detail enabled by
 

household surveys. Towards this end, factors which might be expected to
 

lead to different patterns of interurban energy use include variation in
 

the determinants examined above -- income and household size -- as well as
 

differences in climate, resource endowment, fuel prices, and household
 

preferences. This section first describes some of these factors as they
 

pertain to Raipur and Hyderabad and then follows the organization of the
 

previous section in discussing patterns of energy consumption and
 
22
 

expenditure.
 

By way of background information, Raipur, with a population of 339,000,
 

is one of the larger urban areas in the state of Madyha Pradesh; Hyderabad,
 

the capital of the state of Andhra Pradesh, is the fifth largf!st city in
 

India and has a population of 2.1 million.23 Both Madyha Pradesh and
 

Andhra Pradesh are among the geographically largest but lowest income
 

22. 	 Except where noted in this section, information about Hyderabad is
 
from Alam, Dunkerley, and coauthors (1984, chapter 6).
 

23. 	These population figures are for the cities of Raipur and Hyderabad,
 
which are part of the larger Raipur an-Hyderabad districts.
 
Population estimates are from the 1981 Census of India (see Cleveland
 
(1986, p. 1.15)).
 

'S
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states-in India, with 1977-78 per capita net domestic product below the
 

all-India average by some 30X and 15% for Madyha Pradesh and Andhra
 

Pradesh, respectively.24 Mean household incomes reported in the survey
 

data for Hyderabad and Raipur cities are not statistically different,
 

however. Moreover, the distributions of income are remarkably similar (see.
 

figure 2). These results have several strong implications for some of the
 

similarities in energy consumption that will be discussed below.
 

As noted in section I, the climate and resource endowments of Raipur
 

and Hyderabad are very different. These differences may explain interurban
 

fuel price differentials that are also apparent from the survey data, and
 

in turn explain several of the dissimilarities in fuel use. Raipur is
 

located inhumid central India and has abundant forest resources.
 

Hyderabad is ina semi-arid southern area with more limited forests. These
 

differences may give rise to the higher fuelwood prices inHyderabad
 

reported in table 9.25 Lower prices inHyderabad for charcoal and
 

kerosene may be due to that city's well-developed transportation network,
 

although this is inconsistent with the higher price for LPG. Prices for
 

kerosene and LPG are government-controlled throughout India, however, and
 

it is difficult to separate price influences attributable to resource
 

endowments and transportation from the effects of government allocation
 

policy.
 

To be sure, measurable differences in household preferences -

particularly those,which may underlie the'patterns :.of fuel use in cooking

are difficult to specify. Two observations are noted here, based on 

24. 	See Mills and Becker (1986,- p. 185).
 

25. 	 In addition, the somewhat higher humidity of Raipur may mean that the
 
energy output conversion factorS (appendix B) are biased upward for
 
this city.
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census and other national survey data, but investigating them further is a
 

subject for later research. One observation from demographic information
 

is that both Raipur and Hyderabad are primarily Hindu, although each has
 

sizeable Christian and Muslim populations as well.26 A second observation
 

is the significance difference between the states of Andhra Pradesh and
 

Madhya Pradesh in per capita calorie consumption -- that of Andhra Pradesh
 

is about 98% of the average for India, whereas Madhya Pradesh, together
 

with all of the more northern states, is some 30% above the Indian average.
 

This pattern likely reflects distinct interregional differences in diet,
 

crops, and food preparation, although without additional information it is
 

difficult to infer implications of these caloric differences for the
 

energy-intensity of cooking.
27
 

Comparing patterns of fuel use in Raipur and Hyderabad, the strongest
 

similarity is in total levels of energy consumption. There is no
 

significant difference in mean levels of household input and output energy
 

consumption. Mean input and output energy for Raipur are 1.8 million Btu's
 

and 450 million Btu's, respectively; these amounts are insignificantly
 

different frodi corresponding figures for Hyderabad (1.2 million Btu's and
 

453 million Btu's).
28
 

26. 	The demographic data do not provide the distribution of income across
 
these groups, precluding further analysis of the interaction of
 
religion and caste with income. Moreover, whether religious
 
preferences have measurable implications for diet in particular and in
 
turn, for energy use are not estimable solely from the percentage of
 
the population that is Hindu, say, as only about 25% of Hindus are
 
vegetarians.
 

27. 	 Food expenditures as a percent of income are comparable for both
 
states and are also comparable to the all-India average. See Kills
 
and Becker for both calorie and food expenditure data (1986, p. 187).
 

28. 	 Throughout this discussion, tests for statistically different sample
 
means are conducted at .1%levels of significance. The difference in
 
output energy is insignificant even if coal consumption, not reported
 
in the Hyderabad study, is excluded from the Raipur data.
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There is a significant difference in monthly spending on energy,
 

however. In Raipur, spending averages 86 Rs.; for Hyderabad, it is 77 Rs.29
 

As a fraction of monthly income, energy expenditure in Raipur is 8Z, about
 

50X higher than in Hyderabad. Therefore, surveyed households in both
 

cities make comparable demands on energy resources (in terms of Btu's of
 

input energy) and ceek a comparable level of cooking services (in terms of
 

output energy), but households in Raipur spend more, both absolutely and
 

relative to household income, to obtain these services. The equivalence of
 

average household income and the nearly identical income distribution of
 

the cities (recall figure 2) may largely explain these patterns of energy
 

consumption, whereas differences in fuel prices may underlie patterns of
 

energy expenditure. For example, although the reported prices of both
 

fuelwood and LPG are lower in Raipur than in Hyderabad, the price of LPG
 

relative to fuelwood within Raipur exceeds the corresponding price ratio
 

within Hyderabad. Raipur households tend to use more wood and less LPG
 

than Hyderabad households; input shares of wood and LPG in Raipur are 61%
 

and 12%, respectively, and are 41% and 24%, respectively,'in Hyderabad.
30
 

Raipur households also use more charcoal but less kerosene; shares of these
 

fuels in input energy are each about 10%, whereas in Hyderabad they are 5%
 

and 31%, respectively. Higher relative prices in Raipur of charcoal and
 

kerosene -- expressed as a ratio with fuelwood prices, each is about 50%
 

higher than in Hyderabad -- may have offset slightly lower prices of LPG
 

and fuelwood in the cost of energy for the average Raipur household.
 

29. 	 Expenditures in Hyderabad have been adjusted for inflation using the
 
GDP deflator (see note a, table 9).
 

30. 	 For the reader's convenience, the relevant table from the Hyderabad
 
study is contained in appendix C.
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A further reviewof fuel combinations reported by the surveys of
 

Raipur and Hyderabad suggests these additional observations.
31 The
 

household with average income in each city (and average incomes are equal
 

between the cities) use different fuels; inRaipur, the household with
 

average income uses wood and kerosene, but the corresponding household in
 

Hyderabad uses kerosene and LPG or LPG alone. Kerosene use alone tends to
 

be the dominant fuel in low- and middle-income households in Hyderabad (at
 

incomes from 500 to about 1550 Rs, kerosene alone isused in 25 to 50% of
 

households); among upper-middle- and upper-income households, kerosene and
 

LPG, and LPG alone are the dominant fuels (comprising the fuel mix for 60
 

to nearly 80% of households with these incomes). In Raipur, wood and
 

kerosene are the fuel mix for households over a much larger range of
 

incomes, constituting from 70 to nearly 90% of the energy used at the
 

lowest incomes to mean income; even among households with almost twice the
 

mean income (up to about 2500 Rs.), this mix accounts for 40 to 50% of fuel"
 

consumption. LPG with kerosene or with charcoal, or LPG alone, are the
 

predominant mixes at higher income levels.
32
 

It was noted earlier that kerosene appears to be used in proportion to
 

the use of wood or charcoal throughout a wide range of incomes in Raipur;
 

such pattern is not apparent in Hyderabad. One reason for the difference
 

may lie in the Raipur and Hyderabad surveys. The Raipur survey question
 

asking how much kerosene is used followed a series of questions about the
 

use of fuels for cooking only, and may have elicited a response limited to
 

31. 	 The observations are based on information in tables 3 and 4 and
 
appendix C.
 

32. 	 Note, however, the small sample size for the Raipur survey at: incomes_
 
above 2000 Rs.
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cooking quantities. In the Hyderabad survey, the question pertaining to
 

amount of kerosene used did not follow questions focusing on cooking, and
 

thus responses may have included not only cooking quantities but quantities
 

for lighting, too, leading to the large reported amounts of kerosene use.
 

Based on estimates of income and expenditure elasticities, several
 

results of the Hyderabad study are corroborated here. The income
 

elasticities with respect to input energy, although of opposite sign for
 

the cities, are in both cases quite small. As reported in table 8, in the
 

case of Raipur, the elasticity of income based on input energy is .09. The
 

estimate for Hyderabad is -.05.
 

Output energy increases with income in both cities but the estimated
 

elasticity is larger for Raipur -- .45, compared with .26 for Hyderabad.
 

As discussed in section III, expenditures on energy approximate output
 

elasticities, and in the case of Raipur, the expenditure elasticity is .47;
 

for Hyderabad, it is .21. The expenditure elasticity for Raipur is close
 

to urban area elasticities estimated for Indian cities by Ray (1980). 3
 

With respect to the effect of household size on energy consumption and
 

expenditure, the coefficients follow a similar pattern. They are positive,
 

indicating economies of scale in cooking, and smaller for output energy
 

than for input energy. For example, a 1 increase in household size
 

increases output energy consumption by .18% and .22% for Raipur and
 

Hyderabad, respectively.
 

Regressions for Raipur relating spending on specific fuels to household
 

income indicate that expenditure on wood as a percent of total spending on
 

33. 	 His estimates range from .49 to .78 depending on the functional form
 
of his estimating equation, and include energy for light as well as
 
for cooking. In addition, he uses a much more complete system of
 
equations that encompasses all categories of household spending.
 



energy decreases with income;,expenditure on LPG.increases with'income.
 

These results tend to support conclusions of the Hyderabad study.34
 

V. Conclusions and Suggestions for Further Research
 

The reader is referred to the introductory section for a summary of
 

the specific research findings in this study. What follows below
 

highlights areas for future research.
 

The Raipur and Hyderabad studies both confirm the role'of rising
 

incomes in facilitating the urban household's switch from traditionail fuels
 

to LPG. The switch from traditional fuels to another commercial fuel,
 

kerosene, is not so clear cut. In the case of Hyderabad, as in other
 

studies of household fuel use, kerosene use tends to vary with income,
 

increasing with income until above-average income levels, and then
 

declining as greater use is made of LPG. 35 Households in Raipur at all
 

income levels use only small amounts of kerosene, however. Except for the
 

highest income households, kerosene also appears to be used in quantities
 

roughly proportional to quantities of coal or charcoal. Some combinations
 

of commercial and traditional fuels thus appear to be complementary in use,
 

rather than substitutable, and unrelated to income. Future research
 

relating appliance ownership to fuel use could investigate patterns of
 

traditional/commercial fuel complementarity, such as those 
that might arise
 

from use of stoves like the chulah, and fuel substitutability, arising when
 

kerosene stoves, for instance, displace wood fires.
 

34, The results are not directly comparable because the estimating
 
equations in the studies are not identical; however, price data
 
contained in the Hyderabad study, together with the table reproduced
 
in appendix C, corroborate the observation made above.
 

35. See, for example, Cecelski, Dunkerley, and Ramsay (1979, pp. 23-25).
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Although not directly tested in this research, both studies also
 

indicate the influence of prices in the fuel transition. For example, in
 

Raipur, reported fuelwood prices are lower, and households with equivalent
 

incomes use more wood in Raipur than inHyderabad. Understanding how much
 

of the price differences are attributable to resource endowments,
 

transportation networks, and government price and quantity controls is
 

another subject for future interurban energy research.
 

Income and expenditure elasticities in both studies indicate the
 

larger role of income in influencing the amount of energy providing cooking
 

services than in determining the level of aggregate energy resource demand
 

to satisfy those services (that is,the difference between "output" and
 

"input" energy). In this regard, the explanation offered in section III as
 

to why expenditure elasticities should approximate income elasticities
 

measured with respect to output energy may contribute to the literature on
 

household energy use, insofar as that literature has frequently pointed
 

out, but not explored, this result. An implication of these patterns of
 

elasticities for energy policy is,as has been generally noted, that
 

government policies which directly or indirectly affect income might be
 

expected to cause households to shift towards commercial fuels not only to
 

obtain greater fuel-efficiency but to enjoy attributes of cleanliness,
 

taste, or convenience as well.36 Given the discussion of the role of
 

relative prices, however, and in light of the observation that households
 

with equal incomes in Raipur and Hyderabad nonetheless choose a different
 

fuel mix, changes in income may well have different interurban effects.
 

36. 	 See, for example, International Development Research Center (1986,

chapters 4 and 12) for discussion of energy policy and resource
 
management.
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Such interurban differences will affect the effectiveness of policy
 

responses to the array of energy issues mentioned in the introduction. For
 

instance, income and fuel price variation across cities will govern the
 

aggregate response to national government policies regarding commercial
 

fuels. Also, policies that alter income distributions may influence
 

aggregate energy use, even if the intent of such policies isunrelated to
 

energy. Finally, understanding the relation of energy and the environment
 

-- for example, in projecting fuelvood consumption to assess demands for
 

forest resources -- may benefit from such urban research insofar as it may
 

improve modeling of interregional differences inhousehold behavior and
 

energy use.
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Figure 2. Distribution of Household Incomes in Raipur and Hyderabad.
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interval. Data are based on survey information reDorted 
in the text. 



Table 1. Hanthly m hosehold input aergy consupticn by type of fuel and income group. 
(in millm Btu's) 

Monthly
 
Income Wood Charcoal (Z) I dol Total ()
O() Kerosene (L) (a) (%) 

(Rs.) 
0-500 1.2 (87) .0 (3) .1 (9) * (1) 0 (0) 1.4 (100) 

501-750 1.3 (79) .1 (4) .2 (10) * (2) .1 (5) 1.7 (LC) 
751-900 1.2 (67) .1 (8) .2 (U) .1 (4) .2 (10) 1.8 (100) 
901-1000 1.2 (63) .1 (8) .2 (10) .1 (5) .3 (14) 1.9 (100) 

1001-1250 1.3 (68) .1 (7) .2 (10) .2 (12) .1 (4) 1.9 (100) 
1251-1500 1.2 (57) .2 (8) .2 (8) .3 (16) .2 (U) 2.1 (100) 
1501-2000 1.0 (56) .2 (13) .2 (U) .3 (18) * (2) 1.8 (100) 
2001-2500 .8 (45) .4 (23) .1 (5) .5 (26) 0 (0) 1.8 (100) 
2501-3000 .6 (36) .3 (20) .2 (9) .6 (33) * (2) 1.7 (100) 
3001-4000 .4 (15) 1.0 (39) .2 (9) .6 (24) .3 (13) 2.6 (100) 
over 4000 .2 (U) .5 (25) .1 (4) .8 (38) .5 (22) 2.1 (100) 

Total Sample 1.1 (61) .2 (10) .2 (9) .2 (12) .1 (8) 1.8 (100) 

Notes: (2) - Ilicates percent of iniividual fuel in total lmsdb energy consuption. 

Rows may rot sun to totals due to rLUdirig. 

* ?antity conslmi is positive but less than 50,000 Btu's. 



Table 2. 1mthly man hlmdld output enrgy ccsumptim by type of fuel and ineme group. 
(in milliom Btu's) 

Hmthly 
IraeWo" (%) macl (Z) Kersene () L1G (Z) Qcal (Z) total-(%) 

(Rs.) 
0-500 .2 (72) * (3) .1 (22) * (3) 0 (0) .3 (100) 

501-750 .2 (65) * (3) .1 (22) * (7) * (2) .4 (100) 
751-900 .2 (52) * (7) .1 (24) * (12) * (5) .4 (100) 
901-1000 .2 (50) * (7) .1 (22) .1 (14) * (6) .4 (100) 

1001-1250 .2 (46) * (5) .1 (19) .1 (28) * (2) .5 (100) 
1251-1500 .2 (37) * (6) .1 (15) .. 2 (37) * (4) .5 (100) 
1501-2000 .2 (33) * (9) .1 (19) .2 (38) * (1) .5 (100) 
2001-2500 .1 (25) .1 (15) * (8) .3 (52) 0 (0) .5 (100) 
2501-3000 .1 (18) .1 (U) .1 (13) .3 (58) 0 (0) .6 (100) 
3001-4000 .1 (8) .2 (26) .1 (14) .4 (47) * (4) .8 (100) 
over 4000* (5) .1 (15) * (5) .5 (68) * (7) .7 (100) 

Total Saple .2 (42) * (8) .1 (18) .1 (28) * (3) .5 (100) 

Notes: - L() _ casupIndicates percent of individual fiel in total usemld .. _g. mtim. 

Rows may not sm to totals due to rotiding. 

* Quantity csm6 is positive but less than 50,000 Btu's. 



Table 3. busehOld fuel choice decisiois: number and percent* of households according to income level. 

Total 
Monthly 
Income 

Wood 
only (%) 

ood& 
Kerosene (%) 

Kerosene 
nly (%) 

LPG &LPG 
Kerosene (%) 

Total in 
only (%) Table 3 (%) 

Househlds 
in Sample 

(Rs.) 
0-500 

501-750 
751-900 

901-1000 
1001-1250 
1251-1500 

10 (17) 
4 (6) 
6 (8) 
2 (3) 
0 (0) 
1 (2) 

44 (76) 
50 (72) 
37 (51) 
29 (50) 
16 (44) 
17 (31) 

1 (2) 
1 (1) 
0 (0) 
0 (0) 
1 (3) 
1 (2) 

1 (2) 
2 (3) 
5 (7) 
4 (7) 
4 (U1) 
7 (13) 

0 (0) 
0 (0) 
2 (3) 
3 (5) 
2 (6) 
6 (11) 

56 (97) 
57 (83) 
50 (68) 
38 (66) 
23 (64) 
32 (58) 

58 
69 
73 
58 
36 
55-

1501-2000 
2001-2500 
2501-3000 
3001-4000 
over 4000 

2 (4) 
0 (0) 
0 (0) 
0 (0) 
0(0) 

12 (24) 
3 (23) 
3 (13) 
2 (12) 
0 (0) 

3 (6) 
0 (0) 
0 (0) 
0 (0) 
0 (0) 

8 (16) 
1 (8) 
5 (21) 
1 (6) 
1 (8) 

5 (10) 
2 (15) 
6 (25) 
1 (6) 
5 (38) 

30 (60) 
6 (46) 
14 (58) 

4 (24) 
6 (46) 

50 
13 
24. 
17 
13 

Total SanpIe 25 (5) 213 (46) 7 (2) 39 (8) 32 (7) 316 (68) 166 

* Figures in parents are pernt of all sarape huseholds in inccume level. 



Table 4. Husehold fuel choice decisions: irzber and percent* of households accord.ng to income level. 

Wxd wod & wood& U & IEG & Totalin Tot~al 
Mknthy UG & Ke1re & U:G & FerCSeM & FerM & Fexcsee & ezrsee & T ItLHnbmds 
Iruxae Re (%) O cal (%) Charcal (%) Oaol (%) oal (%) Car:1 (%) 0:1 (%) 3 & 4 (%) in Saple 

0-500 
501-750 
751-900 

901-1000 
1001-1250 
1251-1 

0 (0)
1 (1) 
2 (3) 
2 (3) 
5 (14) 
3 (5) 

0 (0) 
1 (1) 
7(10) 
5 (9) 
1 (3) 
1 (2) 

0 
0 
0 
1 
0 
1 

(0)
(0) 
(0) 
(2) 
(0) 
(2) 

1 (2) 
2 (3) 
4 (5) 
4 (7) 
2 (6) 
6(11) 

0 (0) 
4 (6) 
9 (12) 
6 (10) 
1 (3) 
2 (4) 

1 
1 
0 
1 
1 
3 

(2) 
(1) 
(0) 
(2) 
(3) 
(5) 

0 
1 
0 
0 
1 
0 

(0) 
(1) 
(0) 
(0) 
(3) 
(0) 

58 (100) 
67 (97) 
72 (99) 
57 (98) 
34 (94) 
48 (87) 

58 
69 
73 
58 
36

:55 
1501-2000 
2001-2500 
2501-3000 

6(12) 
0 (0) 
3 (13) 

3 
0 
0 

(6) 
(0) 
(0) 

2 (4) 
4 (31) 
2 (8) 

3 
1 
2 

(6) 
(8) 
(8) 

0 
0 
1 

(0) 
(0) 
(4) 

1 (2) 
2 (15) 
1 (4) 

0 
0 
0 

(0) 
(0) 
(0) 

45 (90) 
13 (100) 
23 (96) 

50 
13 
24 

3001-4000 
over4000 

2 (12) 
0 (0) 

2 (12) 
0 (0) 

3 (18) 
0 (0) 

0 
0 

(0)
(0) 

0 
0 

(0)
(0) 

3 (18)
3(23) 

2(12)
0 (0) 

16 
9 

(94)
(69) 

17 
13 

Walample 24, (5) 20 (4) 13 (3) 25 (5) 23(5) 17 (4) 4 (1) 442 (95) 

Figures in parentheses are percent of all sauple households in incom. level. 
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----------------------------------------------------------

Table 5. Monthly mean household energy consumption and
 

expenditure by: income group.
 

Energy Consumption Energy Expenditures
 

Monthly Income Input Output Total as Percent
 
(RAS.) (mm Btu's) (Rs.) of Income
 

0-500 1.4 .3 53.0 14.3
 
501-750 1.7 .4 64.0 10.0
 
751-900 1.8 .4 75.8 9.1
 
901-1000 1.9 .4' 78.5, 7.9
 

1001-1250 1.9 .5 90.1 7.6
 
1251-1500 2.1 .5 95.8 6.5
 
1501-2000 1.8 .5 95.2 4.9
 
2001-2500 1.8 .5 111.8 4.5
 
2501-3000 1.7 .6, 115.9 3.9,
 
3001-4000 2.6 .81 170.4 4.5
 
over 4000 2.1 .7 150.8 2.5
 

Tital Sample 1.8 .5 85.7 8.1
 



Table 6. :Household fuel prices as reported intRaipur survey, 1985.
 

Fuel Mean Price Rsi. Converted 
(Rs./unit) mm BtUat Rs/mm Btu a/ 

Firewood 
Charcoal 
Kerosene 
LPG 
Coal 

.48/kg 
1.59/kg 
2.88/litre 

62.55/15 kg 
.86/kg 

34 
57 
78 
96 
31 

198 
283 
163. 
160 
309 

Note: a/ Conversions to mm (million)v.;Btu use the factors in:appendix B..
 



Table 7..:Measures of household size and income.
 

Monthly Income Household 

(Rs.) Size 


0-500 4-67 

501-750 5.68 

751-900 6.51 

901-1000 5.90 

1001-1250 6.33 

1251-1500 8.35 

1501-2000 7.38 

2001-2500 8.46 

2501-3000 8.00 

3001-4000 9.00 

over 4000 9.00 


Total Sample 6.67 


Note: a/ See text.
 

Monthly 

Income 


per 

Capita 

(Rs.) 


91.9 

127.8 

148.5 

194.2 

210.3 

219.2 

337.5 

337.7 

467.8 

515.3 

889.8 


233.3 


Income
 
per
 

Equivalent Equivalent
 
Household Capita
 

Size a/ (Rs.)
 

2.85 140.8
 
3.39 207.0
 
3.76 247.1
 
3.63 304.2
 
3.67 348.5
 
4.95 350.9
 
4.42 520.9
 
5.19 530.7
 
4.78 747.5
 
5.36 812.6
 
5.68 1370.8
 

3.98 370.2
 



Table 8. Regression results.
 

Dependent Variable 


(a)Monthly household input
 
energy 


(b) Monthly household output
 
energy 


(c) Monthly household expen
ditureon energy 


(d) Monthly household expen
diture on wood as per-

cent of total energy 

expenditure a/
 

(e) Monthly household expen
diture on LPG as per-

cent of total energy 

expenditure a/
 

Constant 

Term 


12.84 

(52.28)*** 


9.57 

(53.42)*** 


.87 

(4.54)*** 


.47 

(.96) 


-2.80 

(-4.77)*** 


Monthly House- Household - adj.R;' 
hold Income Size. 

.09 .48 . 18 
(2.36)** (8.28)*** 

.45 .18. .46 
(16.43)*** 14.35)***: 

.47 %.20 . 45 
(15.85)*** f4.49)*** 

-.43 a/ .06 
(-4.84)** 

.17 a/. .02 
(1.81)W 

Notes: 	 All variables are expressed in logarithms.
 

T-statistics are in parentheses.
 

* Significant at 10% level. 
** Significant at 5Z level.
 

*** Significant at 1X level.
 

a/ Variable is expressed per capita based.on equivalent householdsize.
 

http:based.on


Table 9. Household fuel Prices inRaivur and Hyderabad.
 

'Mean Price, 1985'
 
Rs.0/unit 

Fuel 	 Raipur Hyderabad a/
 

Firewood .48/kg .58/kg
 
Charcoal 1.59/kg 1.38/kg
 
Kerosene 2.88/litre 2.39/litre
 
LPG 62.55/15 kg 66.56/15 kg
 
Coal .86/kg not available
 

Note: 	 a/ Mean prices for Hyderabad are from Alam, Dunkerley, andioauthors,
 
T1984, p. 68), and are converted to 1985 prices using theGDP
 
deflator for India (reported in International Monetary Fund(1986,
 
p. 389)).
 



Appendix A. 	 Fuelwood Survey,,,.,, Raipur
 
Household Energy Consumption
 

DATE OF INTERVIEW ..... .	 . 

TIME BEGUN 	 .. .. 

ADDRESS 	 *.. 

WARD: NUMBER NAME: .. 

LOCALITY OR MOHULLA .....
 

Fqrr qT r (qrMr
 

HOUSE NUMBER 	 .........
 

NAME OF THE 	 HEAD OF HOUSEHOLD ... 
*w- %ftmT TM~1 

NAME OF RESPONDENT 	 ...... 

RELATION TO HEAD OF HOUSEHOLD : .... 

INTRODUCTION 

We are from Raipur, Collecting information for the Fuelwood Survey Project-Raipur, jointly under
taken by Prof. M. Naimuddin (Osmania University, Hyderabad), Dr. (Mrs.) Joy Dunkerley (Resources for 
Future. Washington D. C.. U. S. A.) and Prof. P. C. Agarwal (Ravishankar University, Raipur). Would you

.Please answer a 	few questions for us about your household and its energy use. It will take only a few 
minuntes. Your answers will be kept strictly confidential. The information you give us could help to ensure 
that there will not be a shortage of energy in future. 

T~~u ~r4Y RITr~~ wffm~ ~ffr~ ~f~ ~~fq? ~~W 

(zt-~mfqqrzrr(Y~l)urzcqq)TMf ,Rqz~~f.r-qut4w ;Rq~;T,7)of 



A FAMILY INFORMATION 

1. Number of people in household ? 

MALE FEMALE ADULTS CHILDREN TOTAL
 
(above) (under 16)
 

(( ()) 	 ( ) 

2. Educational level of adults? 

LITERATE 	 FINISHED FINISHED FINISHED FINISHED TOTAL 
PRIMARY HIGHER SEC. TECHNICAL UNIVESITY NUMBER OF 
SCHOOL SCHOOL SCHOOL LITERATES 

3. How many household members are earning ? 

4. Who is working in the family ? 

HUSBAND 	 WIFE OTHERS 1(Specifyirelation and number) 

( ) ( ) 	 1.( ) 
2.( ) 
3.( 
4.( 

S. What are their occupations? 

NAME (17 OCCUPATION aq q W R NUMBER OF WORKERS wmwwq4 qmlw qft #T) 
Doctors ( ) 
Engineers ( ) 
Lawyers q ( ) 
Technicians r;;w ( ) 
Businessme ql'T ( ) 
Teachers f (. ) 
Officers arf'qp(. ) 
Clerks ( ) 
Class IV Employees r ft ( ) 
Labourers , ) 
Others (Specify) ar (fr ?) (. ) 

2 



Nots: Total Shouldadd upto question No. : 3. 

(i Rk W 

by age-groups ?6. 	 Number of earning members 

WRTW 	 arr Tr'ff qft arpT- 3rT m 
50 and above vrfil.q#30-40 40-5010-20 20-30 

( ) ( ) ( ) 

Note : Total should add up to question No. : 3. 

household including the income of all earnlng
7. 	 Can you estimate 'the total monthly income of the 

members from all sources ? 

Rs __ __ _ 

B-	 HOUSING INFORMATION 

8. 	 Is your house owned or rented ? 

Ownvd 3q'r 	 ( 

Rented fAM R ( ) 

9. 	 If rented, what is the the monthly rent? 

1 4f -4 er nf-wff 'Tmfwm k ? Rs_____ 

10. 	 If owned, what is the approximate monthly rental value of your house? 
zft WqM t, M* vR *r q~rg f*-r 	 Rs___________qi, 

11. 	 TO BE FILLED IN BY THE INVESTIGATOR 

What is the type of residence ? 

Residence Single Family qftr~r qr"y ( ) 

3TIM" Multi Family ( ) 

12. 	 What is the type of the house? 

Type of house Apartment .	 rwrj ) 

117 T $MR Pucca q 	 ( ) 
( )Kaccha 

Hut 	 h( t) 

Others ( 	 ) 
)(Specify) (,q' ?)? 

3<
 



13. 	How many rooms are there in the house ?
 
" it R w -WC?
 

Note : Investigators should not include kitchen, Bath rooms, Latrines, Fuel room and Cattle room. 

VWMr: ~ r-1,15, !&IM 14T ff qf;MW Tfftt qruT, WT iRRT qiraff 	IF W;R C 0 

Note . Investigators should not ask the following question in obviously poor households but should 

mark 'NO' in the appropriate place. 

i m T ?r f; nl it ;R f r r 3q fq'NO'q I 

14. 	 Do you have paid help in the house? 

r if"
YES t [ 	 NO 

15. 	 If yes, how many ? 

16. 	 Are there any restrictions on using fuelwood for cooking imposed by: 

YES 1t3- NO '# 3a. 	 Government 


t NO ;* o
b. Landlord qn;r mf'm YES I" 

If the 	answers are not obvious the investigator shnuldThb,,avestigator observe and answer this question. 

ask the respondent. 

17. 	 Does the house have: 

Telephone (
 
Running Water M q;f ( )
 
Electricity 	 f4" *11 

private W. C. facilities W1r qr ( )
 

C TYPES OF ENERGY USED IN THE HOUSEHOLD
 

Which is the main type of energy you use for ceoking ?18. 

Firewood W TI ( )
 
Saw Du-tt ;3;Tft ( )
 

Coal Briquette qc' *T ' ' ( 	 ) 

Charcoal Nil* WT ( 	 ) 

Coke ( 	 )
 
)
Kerosene 	 t'l wr(

".Ltf 4Hl(L .	 G. r 


)Electicity fft( 


Dng ( )
 
Blo-Gu wPr C(
 
Others (Specify) w (rqi?) ( )
 

44 



19. 	 Do you use Firewood
 
qqT a1 WnM W* RT Fit W rk?
w 

3 	 rYES T 	 NO 

20. 	 If yes, what quantity did you use last month ? 
ft wO fqv ;r 'f-fw-* mrr Tr'm ??
 

(=_ .Kg. ft. r.)
 

Note: INVESTIGATORS : Respondents should be encouraged to respond In the unit in which they custo

marily purchasewood. If the unit Is other than the recognised weight please ask them or try yourself
 
to estimate the weight in Kilograms.
 

w-t
Vw: wRi-i : ;rw rwfrle; Wt Nfr wr it;rm *z ?r w* qt itus P 0 

21. 	 if yes, how much did you pay in rupees for the firewood last month?
zrkr j#'r1M ft* q14r # fq q -wq 0 qff fffw Ut I ? 

IRs 

22. 	 if yes, do you or your family members ever collect any firewood free of cost ? 

YES # 13 NO ;T
 

23, If yes, how much of this collected firewood amounts to Ioweight in an average month ?
 

24. 	 Do you use Saw Dust ? 

NOYES 	 0 # 

25. 	 Ifyes, what quantity did you use last month ? 

(=__ _Kg Pf. t.) 

26. 	 Ifyes, how much did you pay in rupees for this Saw Dust last month
f-; mq-W NO "W fWA '4.WT Nqr iTqT.qrTa w.? 

Rs 	 'VI 

27. 	 Do you use Coal ? 

YES t 	 NO f 

28. 	 If yes. what quantity did you use last month ? 

Kg. 	f*. . ..... 




29, If yes, how mucn did you pay in rupees for this Coal last month ?
 

Rs
 

30. Do you 	use Coal Briquette ?rR Wq i m ikvft w 7q,r R t ?
 

YES 13O NOq [
 

31. 	 If yes, what quantity did you use last month ?
 

Kg. ft. imr
 

32. 	 If yes. how much did you pay In rupees for this Coal Briquette last month ? 

Rs__ _ Ir_ 

33. Do you use Charcoal ? 
IRTam ffRM to T qR;(4?
 

YES 0 r3 NO0 r@ E
 

34. If yes, what quantity did you 	purchase last month ?Ok #'t, ar Pro 'Tfi 	 WW# fvRl MW~r Wft= %f?
 

Kg. fw. yr.
 

35. 	 If yes. how much did you pay in rupees for this Charcoal last month ? 

Rs _____ 

36. 	 Do you use Coke ? 

YES t3 NO ' 3 

37. 	 If yes, what quantity did you purchase last month ? 

__ _ _ _ Kg. ft. wr. 

38. Ifyes, how much did you pay 	in rupees for this Coke Is,! 

Rs__ 

39. Do you use Kerosene ? 

YES 	 E3 N 0E3f
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40.- If yes. what quantity.did 	you purchase last month ?
 

_Litres ffK
 

41. If yes. how rr. h did you 	pay in rjpeos for this Kerosene last mo.Ith, ? 

Rs _q__ _ 

j42. Do you use L. P. G.?IRT Wr R9.tf. ,r WT -;M-Tl ,0 t ?
 

YESIT ] NO q#
 

43. If yes. how many cylinders 	do you have ? 

#wT(NUMBER 

44. What type of cylinders do you buy ? 

Kg. fw. n Value ;Er Rs
 

Kg. fN. wr. Value ;LM Rs_______
 

46. If yes, how long does a cylinder last ? 	 (in days) 

46. Do you, use Electricity ? 

YES # 01 NO 	 ;if"r'3 

47. If yes, how much electricity did you use last month ? 
q.q 1#, f tqkrok ;rg.1 	 f'ffq f'irW;f aqzftqr Mzfqj ? 

r. ,.T19K. W. H. or Units fR. Zr* 

48. if yes, how much did you 	pay in rupees for this electricity ? 

'ir 1Rs_ 

Note i Investigators should see the latest Electricity Bill. 

49. Do you use Dung ? 

YES 4t[ NO q# 

-7.
 



How much Cattle dung did you use last month as fuel ?50. 	 anf* fk ;r 'kli, 4; -r it fqu vft- q; zqrr fqmT q ?
 

Qty. 'zr • Cost zr Rs
 

61. How much Cattle dung did you sell as fuel last month ? 

Qty. grr 	 ; Cost 11 Rs _ VMr I 

52. If yes, 	in form of Cakes or Dung ? 

Cakes 	 I 0 Dung rT-T 0 

63. How much dung did you purchase in quantity last month 

Note : 	 Respondents may give number of balls or cakes as quantities. We can later estimate the weight 

of each ball or cake. 

64. How much did you pay for this purchased dung ? 

Rs 

55. Did you collect free of charge any dung last month ? 

YES i1' 	 13 NO ' f :] 

56. If yes, how much was collected in quantity or weight ? 

Weight ft 0
 
Estimated Cost w rrfho TM Rs
 

57. Do you 	use Blo-Gas ? 

YES # 	 n NO [ 

68. If yes, 	what quantity did you use last month ? 

59. If yes, how much did you pay in rupees for this Blo-Gas last month ? 

Rs__ 

60. Do you use crop wastes (such as stalks or rice husk)? 

IMI RMtr uffrc;iMTr (f 4T;rw ~ ~ ?
 
YES 13D NO V 1
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61. If yes, how much in quantity did you use last month? 

62. If yes, how much did you pay in rupees for this crop waste? 

Rs._____________'_ 

63. Did you collect any crop waste free of charge last month ? 

qqr W'o fqu; xrq" p qtff ,stirqm-Rm',R Www r W?qRM 

YES tO NO it 

54. If yes, how much was collected In quantity? 

zft< 1#,	zft ftifft ;Frt' frr?
 
QTY. R-ir .Kg. fP.irr.
 

Estimated. Cost a TTIfTaRM Rs. __ 

55. Did you use other forms of energy last month ?
Ifrr ZTprW fto-k =R'' 3A=k 3977T SrR;I'f R; Z 4 fr q ? 

f 13YES 	 # O NO 

56. 	 If yes, please specify and estimate amounts. 

~~TNM ;a, q ;T ;TT~ uT 3TTTmfwTt ;ym wam I 

Name of Energy 	 Amount (Rs.) 

1. 

2. 
3. 

D Seasonal Variations in energy use 

87. Do your purchases of the following fuels differ in winter, summer and monsoon? 

Name of the fuel 	 Yes No. 

Firewood 	 r i ( ) ( ) 

Coal 
,r r ( )Coal Briquette W10 1 

WrTt ) ( )Charcoal 

Coke ( ) (


(Kerosene f *7r r ) 


L P.G. tm.:ft. 'r d ) )
 

Electricity Nmr ) ( )
 
Dung ni ( ) ( )
 
Bio-Gas 'trr )
 
Others (Specify) a (!r?) ) ( )
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e8. If yes please estimate your purchases during the three seasons: 

Monthly Average in the Season 
4 TFUR 3TrffTFUEL 

Summer Monsoon Winter 

Firewood Qty. wr 
....
Vialue %LmRs 

....
 
m-..r
Saw Dust Qty. 

f. T Value Er Rs .... 

.....
MY 1 ... 

Coal 
....
q- T WT *M'T Value ;Lr Rs 
....MtY. MrT .... 

Coal Briquette 

..
 
q i zr-k ;ft Value r Rs 

*
Ch.qrceal Qty. RM1 
Value ;r Rs
 

.r 


....
Coke Qty. mTr 

wlii; Value ilr Rs ....
 

....
r.r
Kerosene Qty 
r~ Re Value ;rm Rs 

.... 
L. P. G. Qty wrW. 'Off 

gf to.4e Value Tm Rs 

Qty. 
ElectrcityQ 

: 3cValuet j'r Rs - ........
 

MtY. IM-r.....
 

Dung 
VINR Value ;Lr Rs .... 

MY . o,..M W.:~ 

Blo Gasa' Rs :,;i! ..'a' Value ;Lm 

......Others (Specify) Qty. wr 
azr (wr ? Value l Rs sees 

10
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E. USES OF ENERGY IN THE HOUSEHOLD 

.169. How many times a day do you cook (light the stove) ? 

One time qW )
 
( )
Two times all 


Three times ;1'w ( )
 

or More times z affri-( )
 

70. Do some of your household members take meals usually outside the house. 

mTaark qfvrx go em 8r1 Ol cWw~i qff;rr %a ~?
 

YES it" NO 1
 

71. If yes, how many meals per day and how many household members per day 

Meals w-k 0 Members f 

72. On which type of stove do you cook your food ? 

Name of the stove mzar *v
 
Wood Stove (Chuiha) ( )
 
CoalStove q ww Ifi ( ) (
 
Charcoal Stove tqq*) k ( rkq
 

Saw Dust Stove %€i T;'i ) (
r ( 
Kerosene Stove -w( W) ( 

Gas Stove VT fd()
 

Electric StovelHot Plate %ff qft f /4 ( ) (
 

Others (Specify) W (T ( )
 

73. Do you use the following appliances for cooking ? 

Name of the Appliance ". W 

Rice Cooker W ff ( ) 

Grinder ( )
 

Toaster )
 
fwm# WT fiwnr (Electric Mixer 

Others (Specify) Wq (qrr ?) 

Do you have the following appliances ?74. 

Aircooler RZr qmw (
 
Refrigerator )
 
Record Player t .( )
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Water Heater - ( ) 
Washing Machine i nfr ( ) 
Sewing Machine (Electric) 
Electric Iron 

rfet (fI 
f.'Rft qf V-

.qf) ( )
) 

Electric Clock f q "i 'r ( ) 
Electric Fan fqqr-t wq r ( ) 
Television (BlacklColour) "rIF-Tq"(;T1" T/tft) ( ). 
Radio (Electric) kfuzzf (fk;mr q') ( ) 
Water Pump (Electric) ql T q-Tm (ftmft ) ( ) 

75. Does any family member conduct acommercial activity in the house, such as:-. 

NAME OF THE ACTIVITY qr *qrqrq ( ) 
Make and Sell food q m ( )q 

Sewing (use electric fmft( W1 ff- ( 
Sewing Machine) qrfm wr ;nr) ( ) 

Furniture Making q f -m;rr ( ) 
Welding and Soldering M ( ) 
Radio and Fan repair If i "rt r ' )r ( 
Spray Painting f ( ) 
Power looms q ' ( ) 
Others (Specify) WM (WT ?) I 

F FUEL PREFERENCES 

76. What is your preferred fuel? 

NAME OF THE FUEL ORDER OF PREFERENCE 

Firewood ( )
 
Saw Dust 'C'M*( )
 

Coal Briquett T * 010 ( ):
 
Charcoal l r r ( )
 
Coke q'q 4
 
Kerosene f t kff ( 

L. P. G. qr.fir. 4fr ). 

Electricity f4 (
 
DOng )
 
Blo-Gas T'rPw ( )
 

-Others (Specify) (q~'T ?) ( ) 

12
 



G CHANGES IN FUEL USE 

;7. Has the total quantity of energy used In your household increased over the past 10 years ? 

YES # 13 NO ,f 13 

78. If yes, is this due to : 

Larger Family q& 4W qT- ( ) 
More appliances Wrrf'q' zr' ( ) 

More frequent. larger and W f s11" iM ( )q w wrwr 

better meals * T R rTr 

79. Which fuel did you use for cooking 10 years ago.? 

NAME OF THE FUEL (EF WT ;R USED FOR COOKIN(rr 'r6"* ((q anar 

Fire wood -( )
 
Saw Dust v ( )
 

Coal -qT ff;T( )
 
Coal Briquette C * w 4;( )
 
Charcoal R " ( )
 

( )
Coke 

Kerosene fqp *W ( ) 
L. P. G. R;r. cf. 4R() 

Electricity f( )
 
Dung ( )
 
Bo-Gas I"lMM ( )
 
Others (specify) Wzr (mr?) ( )
 

80. What was the MAIN cooking fuet used 10 years ago ? 

NAME OF THE FUEL qqV RM.
 

Firewood w r+'t ( )
 
Saw Dust M W ()L
 

Coal q-CrqTq~ ( )M 
Coal Briquette ( ) 

Charcoal R WT) '( 

Coke ( )
 
R ?f
Kerosene 

L. P. G. w[. f.hr ( )
 
Electricity FVR Ifr
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Blo Gas 1( ) 

Others (specify] arm (vr ?) C ) 

Note 	: Please check the most Important, 

81" 	 Which fuels do you use for cooking now? 
aI"I' M a1Tq mr qq;Tw"itA Ilu q" Wq 'q q R;;t(' ? 

NAME OF THE FUEL im vt RM 

Fire wood T ( 
Saw Dust ~T~ 
Coal qrqT rr ( ) 

Coal Briquettes M ikW i i.t 

Charcoal Ml( ): 
Coke 
Kerosene ( 
L. P. G. 

Electricity 
Dung 
Blo-Gas 

q;. 41T" 

ifr 

((mf 
(. 
( 

) 
)m 

Others (specify) BTq (Rqr ?) ( 

Which are the main fuels used for cooking now in order of preference ?82. 

ORDER OF PREFERENCENAME OF THE FUEL 

Firewood qM( t 

Saw Dust 'V IT ( ) 

Wft1TT (Coal 
i,Coal Briquette 


Charcoal ( pW.
 
.Coke 

Kerosene R"Wff 
,,.-, 	 ' . ,it,, r .. ( p,. 

Electricity 
Dung 
Blo- Gas 

Others (Specify) 	 (qr ? ( 

83. 	 Has the rising cost of Kerosene and L.P.G. cume the past 10 years lead you to use more Firewood'? 

a'fm TM'tq eta'w ;T" t ? 

YES Et3 No [ 
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______ 

84. 	 Our studies show that cooking with wood is more expensive than cooking with fuels such as kerosene 

and Gas because of the heat which is lost. Do you agree ? 

Don't 	know ;rit I13YES 1 	 E"1 NO0 ;i1 

85. 	 If yes, why do you continue to use wood ? 

Food tastes better W rr OrFMT r 'd ( )
 

Stove ischeaper T WM( t
 

Stove is more convenient qr i 3rfi'r ( )
 

86. 	Would you be more interested In trying a new stove if it could cut your fuel use by half ? 

YES # 	 C" NO V- [ 

87. 	 If yes, how much would you be willing to pay for such a stove ? 

88. 	 What was the cost of your present stove ? 

qawr;r aqrf fear fq~aW -qr4 it R-(Ir "tr r? Rs 

89. 	 And how long does it last ? 

Cost In Rs Life (Years)TYPE 	 s 

Wood Stove ( ) ( ) 

Coal Stove 
Charcoal Stove 

Sow Dust Stove 

*( 
iR,Mk ( 

, 

) 
) 
). 

( 
( 
( 

) 
) 
) 

Kerosene Stove 

Gas Stove 

Electric Stovel 

fwrji 
' 

f-R1ft 

k 
( 

( 

) 
) 
) 

( 
( 
() 

) 
) 

Hot Plate I 

H. 	THE FUTURE
 

90. 	 Do you expect to increase energy consumption in future? 

YES # [" NO [0 

91. 	 If yes, give reasons ? 

zrNk #, ef 	 ;vrqF 
Larger family q q T 	 ( 
More appliances ! f itw 	 ( ) 



92. 	 Are you using the fuel of your choice today ? 

YES ift C3 NO @ 

93. If no, 	why ? 

Too expensive ( ) 

Not available rw'r" C ) 

Note: The following information Isto be supplied by the Investigators: 

DEGREE OF COOPERATION 	 VALIDITY OF RESPONSE 

Truthful
Good 

Satisfactory 'rrq-	 Doubtful 

Bad ;VT 	 Very doufgtful qff Wr n 

If we decide to administer additional, more detailed questionnaires, including information on types of 

food prepared and the different types of fuel associated with the preparation, types of stoves and their costs, 

source, frequency and mode of payment for energy, would this be a suitable family to include ? 

YES e [ NO t
 

SU PERVISOR
 

OBSEIWATIONS
 



Appendix B. ;Conversion factors for input and output energy.
 

Fuel Original Input Energy Output Energy
 
Units (British thermal Coefficient
 

units (Btu's))
 

Firewood kg 14250 .17
 
Charcoal kg 28099 .20
 
Kerosene litre 36745 .48
 
LPG kg 43569 .60
 
Coal kg 27800 .10
 

Sources: Input and output measures are for cooking use; all measures
 
except coal are from Alam, Dunkerley, and coauthors (1984, pp. 53 and
 
58); measures for coal are from Desai (1981, p. 50).
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TABLie 6.3 :Mo'nly"n household energy consumption group and fueltoz 

Household
Group Wood Charcoal Kerosene LPG3 

0-500 .698 (63) .086 (g) .281 (26) .043 (4) 
*4.501-7S0 .529(148) .075 (7) .435 (39) .067 (6) 


751-900 .615 (49) .063 (5) .452 (36) .124 (101 

901-1000 .452 (40) .033 (3) .408 (36) .20(22) 


1001-1250 .600 (46) .073 (6) .402(131) .242 (18) 

1251-1500 .561 (43) .038 (3) .389 (30) .311 (24) 

1501-2000 .376 (32) .029 (2) .372(131) .412 (35) 


.473 (36) .079 (6) .311 (24) .431 (33) 

2.501-3000 .388 (30) .039 (3) .368 (29) .486 13U) 

3001-4000 In7 (23) .023 (2) .312 (26) .575 (49) 


4000 .337 (22) .166 (11) .336 (22) .718 (46) 

Total sample .500 (41) .061 (5) .378 (31) .290 (24) 

T ls.Per cent of individual fuel intotal household energy consumption in parentha 

+ Covering only households bearing municipal numbers. Squatter and slum households not included.
 

0 

Total 
M. 

.' 

1.0980(09) 
1.106 (00) 
1.2.54 00) 

1.143 (100) 
"1.317 11001 

1.299 (1001 
1.189 (00) 
i.29.5(100) 
1.281 (100) 
1.1820(00) 

1.557 (100) 
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