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Abstract

This paper applies an ordered discrete choice framework to model fuel choices and
patterns of cooking fuel use in urban Indian households. The choices considered are
for three main cooking fuels: firewood, kerosene and LPG (liquid petroleum gas). The
models, estimated using a large microeconomic dataset, show a reasonably good
performance in the prediction of households’ primary and secondary fuel choices.
This suggests that ordered models can be used to analyze multiple fuel use patterns in
the Indian context. The results show that lack of sufficient income is one of the main
factors that retard households from using cleaner fuels, which usually also require the
purchase of relatively expensive equipments. The results also indicate that households
are sensitive to LPG prices. In addition to income and price, several socio-
demographic factors such as education and sex of the head of the household are also
found to be important in determining household fuel choice.
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SUMMARY

Promotion of efficient use of energy and mitigation of the adverse environmental and
health effects associated with the use of biomass fuels is an important policy issue in
India. Despite a major shift from biomass fuels to commercial fuels, a considerable
number of Indian households still use inefficient fuels such as firewood. This is not
limited to rural areas where the choices might be constrained by lack of access. The
use of LPG (liquid petroleum gas) is common in urban areas, but the use of less
efficient fuels like kerosene and wood is still widespread. Analyzing the effect of
different factors such as prices and income on the household’s fuel choice has
received increasing attention in the energy literature. However, only a few studies
have used micro-level data to undertake an empirical analysis. This paper analyzes
patterns of cooking fuels used in wurban Indian households using a large
microeconomic dataset. Cooking fuels account for the bulk of residential energy
consumption in India. We focus on the three main cooking fuels: LPG, kerosene and
firewood. Based on the observed choices and also the comfort and environmental
differences across these fuels, it is argued that there is an implicit ordering in the
households’ preferences, suggesting that the transition between fuels can be simulated
as a ‘ladder’ from firewood at the bottom to LPG at the top. Moreover, most
households use multiple fuels. This suggests that switching from one fuel to another is
at best partial and gradual. The correct prediction of households’ switching behavior,
therefore, requires an adequate modeling of the preference ordering and the secondary
fuel choices. Also, given the considerable amount of fuel consumed as secondary
fuels, the prediction of such choices is especially important. This paper applies a
discrete choice model that assumes a uniform ordering across different households.
The results indicate that in addition to income, there are several socio-demographic
factors such as education and sex of the head of the household, which are important in
determining household fuel choice. While prices of kerosene and wood do not show a
considerable effect on fuel choices, LPG price has an important effect particularly for
low and moderate-income households. However, given that most low income
households are wood users and that household income has a considerable effect on the
choice of fuels, policies that promote rebates on the purchase of LPG stoves and
easier access to credit or purchase on installment plans for such equipment might be
an effective way of promoting the adoption of cleaner fuels. Finally, this analysis
highlights the important effect of education and empowerment of women in
development policies aimed at promoting efficient energy use.



l. Introduction

For a number of developing countries, including India, issues relating to
energy choice and household energy transitions are important from a policy
standpoint. Efforts at encouraging and facilitating households to make substitutions
that will result in more efficient energy use and less adverse environmental, social and
health impacts are advocated in many of these countries. But the effective design of
public policy in this area requires, as a first step, research and analysis of the factors
that affect energy choices and consumption patterns in rural and urban areas of such
countries. In rural areas, choices are constrained not only by low incomes, but also by
the lack of access to more commercial fuels and markets for energy using equipments
and appliances. Often, the choice of fuel is determined more by local availability and
transaction and opportunity costs involved in gathering the fuel (mostly wood, dung
and other biomass) rather than by household budget constraints, prices and costs.
Modeling choices in such circumstances is complicated and often there is little data
available on proximity to supply of biomass, opportunity costs or time needed for
collection.

In contrast to rural households, urban ones often have a wider choice and
greater availability and accessibility to modern commercial fuels, electricity, and
energy using end-use equipment and appliances, and therefore, greater potential for
fuel switching. The rapid growth of urban areas in developing countries has been
accompanied by a huge surge in the demand for household fuels and electricity. In
India, the share of urban population increased from 17.3% in 1951 to about 28% in
2001 and is projected to rise to about 41% by 2030 (UN, 2003). Changing urban
lifestyles have important implications for the quantum and pattern of energy use in
households residing in these areas and suggest various avenues for policy relevant
research. In addition, an understanding of factors affecting fuel choices in urban
households might also provide insights into how rural households might behave if
supply of commercial fuels and access to markets were not constrained in these areas.

In India, household energy is required to meet the needs for cooking and water
heating and for lighting and powering electrical equipment and appliances." However,
the bulk of energy used in Indian households even today is for cooking®. Therefore,
an understanding of cooking energy consumption patterns is particularly important.

Despite a major shift away from the use of biomass fuels towards commercial
fossil fuels and electricity over the last two decades in urban areas, there are still
many poor Indian households who rely on firewood as their primary source of
cooking energy. As income increases households tend to switch from firewood to
kerosene and then LPG (liquid petroleum gas). However, all households do not
necessarily switch completely or, in other words, terminate the use of one fuel when
taking up the use of another.

LPG, when compared to kerosene or firewood, has clear health, environmental
and efficiency benefits. Of course, choice is constrained by cost as well and it is not
fuel costs alone that matter, but also the start-up costs of connections, equipment and

! Indoor heating is limited to a short season in the northern areas that face relatively cool temperatures.
2 About 90% of the total residential energy consumption in India was reported to be for cooking by
Natarajan (1985).



stoves. Some recent studies that have compared total costs of different cooking fuels
in India (WB, 2003; Reddy, 2003; Gupta and Ravindranath, 1997) find that in some
cases the option of purchased firewood can be even more expensive than LPG
particularly, when the efficiency of use of the different fuels is taken into account.
However, for most poor households, the capital costs associated with the use of LPG
are still a large hindrance to wider adoption of this fuel for cooking. In addition, a
number of factors other than the cost affect the choice of fuels used by the household.
The energy ladder hypothesis, that has traditionally been used to describe household
fuel switching strategies, prescribes income to be the sole factor. However, as will be
shown later in the paper, there are, in fact, several other household characteristics that
affect choice.?

In this paper, we analyze cooking fuel choices in urban households of India.
For this purpose we use a microeconomic data set, which is derived from the Indian
Household Consumer Expenditure Survey conducted by the National Sample Survey
Organisation (NSSO, 2002). Fuel choice is modeled empirically using a discrete
choice framework and the substitution relationships between fuels examined. The
impact of income and prices on fuel choice are examined. The analysis also aims to
identify whether and to what extent other socio-demographic variables determine fuel
choice.

The rest of the paper is structured as follows. Section Il includes a brief review
of the literature. Section 11 describes the data and presents some descriptive statistics.
Section IV presents the model, and section V discusses the results. Finally section VI
concludes with a brief discussion of some of the main policy implications of the
results.

1. Literature Review

Several studies that try to understand household energy use patterns in
developing countries can be found in the literature. However, those that try to
quantify patterns in household energy transitions and the underlying causal factors, or
factors affecting fuel choice decisions using disaggregate household data are more
limited. Recently, renewed focus on such studies has been stimulated by growing
concerns about the health impacts of indoor air pollution associated with the burning
of unprocessed biofuels like wood and dung in inefficient cooking stoves. Amongst
studies on household fuel choices for developing countries, we can distinguish
broadly between two types, those that use simple descriptive statistics and others that
have employed econometric methods to analyze fuel choice.

The traditional view on fuel switching in the household sector of developing
countries has been that households gradually ascend an “energy ladder” and that there
is a simple linear progression from relatively inefficient fuels and energy end-use
equipment to more efficient fuels, electricity and equipment, with increasing income
levels and urbanization (Leach, 1992; Sathaye and Tyler, 1991; Smith et al., 1994,
Reddy and Reddy, 1994). In general, much of the literature points to income being an
important factor influencing energy choice. However, while income is important, in as

® For a discussion of the energy ladder hypothesis see Leach, 1992; Sathaye and Tyler, 1991; Smith et
al., 1994; Reddy and Reddy, 1994; Barnes and Qian, 1992; Leach and Gowen, 1987.



far as it increases the options available to a household, what in fact actually motivates
households to switch between different fuels and triggers energy transitions is a much
more complex interplay of factors. Recent literature on household energy use in
developing countries also supports the view that in fact the picture drawn by the
energy ladder theory is too simplistic and that there are many factors that determine
fuel choice (Davis, 1998; Masera et al., 2000; Barnett, 2000). An early study by
Hosier and Dowd, (1987) for household fuel choice in Zimbabwe using a multinomial
logit model shows that although economic factors do affect fuel choice, a large
number of other factors are also important. In addition, much of the recent literature
bears out that fuel switching is often not complete and is in fact, a gradual process
with many households often using multiple fuels. The reasons for multiple fuel use
are varied and not dependent on economic factors alone, although the affordability or
cost of the energy service also has an important bearing on the household’s choice. In
some cases, households choose to use more than one fuel because they want to
increase the security of supply. In other cases, the choice might be dependent on
cultural, social or taste preferences.

Other recent work in this field include a study for Bolivia (Israel, 2002) that
examines whether fixed costs associated with switching to LPG act as a barrier, how
income growth effects fuelwood use and whether female earned income influences
fuel choice. The study concludes that reducing the fixed costs associated with a switch
to cleaner fuels like LPG and increasing income earning opportunities for women can
go a long way in encouraging households to shift away from the use of fuelwood. A
multicountry study by the World Bank (Heltberg, 2003, 2004) has also examined the
factors affecting a switch from solid (traditional) fuels to non-solid (modern) fuels and
the role of electrification in facilitating such a switch. In another study, Heltberg
(2005) analyzes the factors determining fuel choice in Guatemalan households.
Another recent study by Chaudhari and Pfaff, (2003) estimates Engel curves for
traditional (dirty) and modern (cleaner) fuels using household survey data from
Pakistan and concludes that there is evidence of a U-shaped relationship between
indoor air quality and income akin to the EKC as households transition from
traditional fuels to modern fuels with increases in household income. Evidence on the
nature of household energy transitions in Africa includes studies by Campbell et al.,
(2003); Davis, (1998); Ezzati and Kammen, (2002); Hosier and Kipondya, (1993).

Evidence from empirical studies on the patterns of household energy use in
India includes WB, 1999; WB, 2002; Alam et al., 1998. Viswanathan and Kavi
Kumar, (2005) analyze fuel consumption patterns across rural and urban households
in India by examining data on the share of expenditures for different fuels. However,
prior empirical research using a discrete choice framework for households in India is
limited to only two studies. The first of these studies is Reddy, (1995) that looks at
energy carrier choices for a sample of households residing in the city of Bangalore.
He employs a series of binomial logit models to determine the choice between each
pair of energy carriers, to explain the shifts in and the pattern of consumption of
different fuels used for cooking and water heating. Results of the study confirm the
hypothesis that households ascend an energy ladder and the choice is largely
determined by income. However, factors such as family size and occupation of the
head of the household are also seen to play a role in fuel selection.

More recently, Gangopadhyay et al., (2003) employ a multinomial logit
framework to represent household fuel choice separately for rural and urban Indian
households. They also employ data from the NSSO household expenditure survey,



which we use in this paper. However, they model household decisions concerning the
choice of both cooking and lighting fuels together and therefore consider a choice set
that consists of all the key alternatives of different energy carrier combinations used
by households. The objective of that study was to evaluate the effectiveness of the
existing price subsidies in facilitating a shift to the cleaner and more efficient fuels —
kerosene and LPG. Their results indicate that the existing subsidies are fiscally
unsustainable and also of little help in meeting social policy objectives as they are
seriously misdirected and favor the rich disproportionately.

Given the limited area and country specific empirical evidence that is
available on this topic, this research aims to augment the knowledge in this field. The
present paper differs from the previous studies described above in three important
regards. First, we analyze choices only in urban households, as we believe an analysis
of choice of household fuels within rural areas would require additional information
on nearness of source of biomass or time required for collection. Secondly, the
analysis focuses on cooking fuels, which still comprise the largest part of household
energy needs in India, and are quite separate and disparate from the energy needs for
either lighting or powering appliances. Finally, we assume that there is a natural order
of progression in terms of the choice of fuels based on their efficiency, ease of use,
and cleanliness and therefore employ an ordered discrete choice framework to model
fuel choice.

I1l.  Data Source and Descriptive Statistics

The household micro budget data used in this study is from the household
expenditure survey Round 55 covering the period July 1999 to June 2000 conducted
by the National Sample Survey Organization (NSSO), a part of the department of
statistics of the Indian government (NSSO, 2002). We selected the 1999-00 cross-
section data to analyze fuel choices because it is the most recent quinquennial round
of the survey available. The survey collects information on quantity consumed and
value of household consumption for a wide variety of consumer goods and services.
In addition, data on a host of other socio-economic and infrastructural variables is
collected via the survey. The data is collected from a large nation-wide sample* of
households living in both rural and urban areas using the interview method. For the
analysis presented in this paper, we make use of data only from the urban sample® and
the quantity and expenditure data for fuels/ energy on a 30-day recall basis.

For the urban sector, the complete sample from Round 55 consists of 48,924
households representing 51.4 million households and a total urban population of
approximately 314 million people. The information on cooking energy consumption
is available for 46,918 households. Data pertaining to a few observations where there
were missing or extreme values were excluded. We also excluded all observations
where the household had no cooking arrangement or “other fuels”, that is, fuels other
than LPG, kerosene or firewood were used as a cooking fuel. This comprised about

* For details regarding the sampling methodology refer to NSSO, (2002).

® The official definition of urban areas is based on number of criteria including “(a) the population of
the place should be greater than 5000; (b) a density of not less than 400 persons per square km.; (c)
three-fourths of the male workers are engaged in non-agricultural pursuits” (Gol, 2001).



11% of the total urban sample.® The final analysis was conducted using a sample of
41,593 household level observations.

Amongst urban households in India, the main cooking fuels in use are
firewood (often commercially bought), kerosene and LPG. The data indicate that in
1999-00, 30% of urban households still used firewood as a cooking fuel, while the
percentage using kerosene was about 70% and about 50% used LPG. As different
fuels vary in their efficiency, the main cooking fuel is defined as the fuel that provides
the highest share of total useful cooking energy’ used by the household. This does not
necessarily correspond with the reported primary cooking fuel in the questionnaire.
The rates for converting to useful energy for LPG, kerosene and wood are calculated
by assuming specific average levels of efficiency in the use of these fuels for
cooking.® The reason for using useful energy as the basis for the analysis is that
households in fact do not demand energy in itself, but in fact demand services such as
a hot cooked meal that energy helps provide. While ideally, one would like to capture
demand at the level of energy services, this is not possible and thus useful energy
proves to be the best approximation to the level of energy services.

Both the choice of household cooking fuel and the amount consumed are
related to the income (proxied by the per capita expenditure level) and the size of the
household. The relationship between the primary fuel choice and income level is
illustrated in Figure 1. This figure shows that as income increases the likelihood of
choosing wood drops while that of LPG rises. As for kerosene, the likelihood first
rises at low incomes, peaks at the third decile and then declines. This suggests that
while a higher income is likely to be associated with a switch from wood to
kerosene/LPG among moderate income groups, in high-income groups the likely
effect is a switch from wood/kerosene to LPG.

Insert Figure 1:

The data also show that about 54% of households use two or more fuels. The
incidence of single-fuel use is about 50% among LPG users and as high as 74%
among households using kerosene. However, this is not the case for firewood users,
most of whom use kerosene as well. Finally, there are few households that use a
combination of LPG and firewood or who use all three fuels. Thus, we see that
multiple fuel use is more frequent in poorer households that are more dependent on
less efficient biomass fuels (see Pachauri et al., 2004 for more on energy poverty in
India).

Figure 2 plots total useful energy use for cooking across income decile groups.
One observes an increase in the amount of energy use with income, but leveling off
among the highest income deciles. The share of different fuels used varies
significantly across deciles with a larger share of firewood and kerosene among lower
deciles and a predominate share of LPG among higher income groups. The observed
pattern seems to suggest that among households in the lower income groups, fuels are
used more as compliments and there is a greater degree of fuel stacking in evidence. It

® These observations mainly consist of 1,768 households with no cooking arrangement, 2,087 using
coal and 877 using dung cake as their main cooking fuel and 542 households that use LPG, kerosene or
wood as their main fuel but use other fuels as well.

" Refer to Pachauri and Spreng, 2004 and Pachauri et al., 2004 for a description of how useful energy is
calculated for households using the survey data.

® The values used in this paper are 276 kJ/liter for LPG, 148.5 kJ/liter for Kerosene and 21 kl/kg for
wood.



is only among those in the higher decile groups that some cases of complete fuel
switching occur, with one fuel dominating total energy needs for cooking, and
additional fuels possibly only used occasionally as back-up.

Insert Figure 2:

The distribution of households by their main fuel choice is given in Table 1.
This table shows that for the majority of the urban LPG using households, more than
two third (69%) of cooking energy needs is met from LPG. Kerosene and firewood
are used as the main energy source in a considerable number of urban households (26
and 21% of the sample respectively). Even in households that mainly use LPG, the
share of kerosene is, on average, about 7% of total cooking energy. In the case of
LPG and kerosene users, the median share of secondary fuels drops to zero suggesting
that the supplemental fuel might be used only as a back up. Table 1 also shows the
average share of kerosene purchased from the private market as opposed to the
subsidized public distribution system. These numbers show that households that use
kerosene as their primary fuel purchase more than half of their fuel from the market,
whereas the majority of those who use kerosene as a secondary fuel tend to purchase
the subsidized kerosene. This suggests that both market and subsidized prices may
affect the choice probabilities.

Insert Table 1:

The above descriptive analysis suggests that the observed patterns in the data
are consistent in part with the “energy ladder” theory. In other words, there is a clear
order in the distribution of energy shares by the primary fuel (see Table 1). Firewood
and LPG at the two extremes are more likely to be used with kerosene in the middle,
than with each other. Moreover, at the bottom of the ladder, households are more
likely to use two fuels. In contrast, at the top of the ladder (LPG), single fuel choices
are more likely. The econometric model used in this paper is in line with the ordered
preferences observed in the data.

Table 2 presents the descriptive statistics of the household characteristic
variables included in the model specification. As seen in the previous discussion,
household income (proxied by the household’s per capita monthly expenditure) has a
considerable effect on the fuel choice. Dummy variables for the level of education of
the head of the household, occupation, female headed households, season, and
geographic location (state dummies and a dummy for households residing in
metropolitan areas) are included in the model in addition to variables relating to
household size, fuel prices, and age of the head of the household.® While the dataset
includes a wide variety of information on household level characteristics, expenditure
and consumption information, one area where the data are lacking is regarding
independent and reliable information on fuel prices. For this reason, fuel prices are
calculated as the median value of individual prices for each one of the 78 regions
(sub-states) in the sample. Unit or average values calculated by dividing expenditures
on each fuel type by the corresponding quantities for each household are used as a
proxy for individual prices. By including dummies relating to state regions and
seasons,'® we hope to capture some of the unexplained variation on account of the
lack of direct price data in addition to any spatial and geo-climatic differences that

° The extremely low age of the household head in a few observations (Table 2) is due to an Indian
tradition that specifies that in the absence of a father the eldest male son is considered the head of the
family. Excluding these observations does not change our estimation results significantly.

19 See the appendix for sample means of state dummies.



might exist. Finally, the table also includes descriptive statistics relating to the number
of LPG dealers per 100,000 households. This variable is included in the model so as
to capture differences on account of LPG availability and accessibility at the state
level.

Insert Table 2:

V. Model and Estimation Methods

As discussed in the previous sections, the observed patterns in the data suggest
that the fuel choice in urban households is consistent with an ordered discrete choice
framework. These models such as ordered logit and probit are often used for ordered
categorical response variables that represent groups of continuous variables, such as
income groups. However, the application of these models can be extended to
categorical variables that have an *“assessed” order, such as “the extent of pain relief
after treatment” (Anderson, 1984). These variables are referred to as assessed, ordered
variables. In many of these response variables, the ordering is not obvious at first
sight. We contend that the cooking fuel type in an Indian household can be considered
as an ordered variable, in that the three fuel types can be clearly ordered in terms of
efficiency, comfort and ease of use.

In this paper we report results of the estimation of an ordered probit model
(see Green, 2003; and Wooldridge, 2002 for more details). In this model it is assumed
that the individual’s choices are based on a latent variable, which can be considered as
a measure of random utility. This latent variable is defined as a linear function of
explanatory variables:

yi*=xi5+zi7+f9i, (1)

where X; is the vector of alternative fuel prices faced by household i; Z; is the vector
of household characteristics; £ and y are the parameter vectors to be estimated; and &
is an iid stochastic error term that represents the unobserved heterogeneity. The
probability of choosing alternative j is defined as:

Pr(y; = j)=Pr(kj4 <y; <kj) ; -0k <k <..<ky=+0,je{l2,.,3}, (2)
where k;’s are the threshold parameters.

The error term & is assumed to follow a normal distribution with mean zero and
variance o~. In this model, the probability of choice j can be written as:

_k] +X|ﬂ+Z|}/]_cD(—kj_l+X,ﬁ'+Z|}/]

(3)

o o

Pr(y; = J')=<D£
where @ is the CDF of a standard normal variable.** The model in Equation (3) can
be estimated using maximum likelihood estimation method. As seen in Equation(2),
the choice probabilities are assumed to be a function of a continuous latent variable
(y") that can be considered as the household’s “energy status” or the position of the
household on the energy ladder.

1 An ordered logit model was also estimated. The results (available upon request from the authors) are
generally similar to those of the ordered probit model.
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The model described above requires that the alternatives are ordered, namely
i=12,3 correspond to firewood, kerosene and LPG respectively. This assumption

implies that households are more likely to substitute two fuels that are adjacent on the
specified ordering. For instance, if a wood user is to choose another alternative,
kerosene is more likely to be chosen as opposed to LPG. In order to explore if such an
assumption is realistic, we also considered two non-ordered discrete choice models
namely, a multinomial probit model in line with Geweke et al., (1994) and a
multinomial logit specification.'> Comparing the prediction results between ordered
and non-ordered models indicates a slightly better prediction rate for primary fuel
choice in non-ordered models. However, when we consider the secondary fuel
choices, the situation gets reversed with the ordered probit model making correct
predictions in about 63% of the cases, compared to 51% for the non-ordered
models.™® The results also suggest that all models especially the ordered ones are
weak in predicting the primary fuel for kerosene users. However, when we consider
both primary and secondary choices among multiple fuel users, the ordered models
have a clear advantage. Given that fuel switching is a transitional and gradual
behavior, correct prediction of the preferences of multiple fuel users is necessary for
understanding the substitution possibilities of single fuel users as well.

As for the estimated marginal effects, the results for ordered and non-ordered
models are comparable for almost all the socio-economic factors and the LPG
prices.*® Overall, these comparisons show that the ordered models have a better
performance especially considering that these models include only half as many
parameters as the non-ordered models. Therefore, we retain the ordering assumption
and focus on the ordered probit model in the rest of the paper.

V. Results

The maximum likelihood results from the estimations of the ordered probit
model described in section 1V are presented in Table 3. These results indicate that
most of the explanatory variables included in the model have significant effects and
show the expected signs. The results clearly show that there are a number of factors,
other than income, influencing the choice of household cooking fuels in urban India.
The coefficients listed in Table 3 can be interpreted as the effects on the households’
energy status that is the position of the household on the energy transition line
(ladder). As expected, income and education have a positive and significant effect.

Table 3 also indicates that LPG and kerosene prices have negative effects
suggesting that higher prices can result in a lower energy status, with LPG price
having the greatest and kerosene price having the least effect. This can be explained
by the combination of an effect on purchasing power (income effect) and a
substitution effect. While the income effect for a price increase is always downward
(away from LPG), the substitution effect is upward for wood prices, downward for
LPG and ambiguous for kerosene prices. Therefore, the resulting effect is relatively

12 The estimation results are not included in the paper but are available upon request.

3 The predicted primary and secondary fuels are defined as the alternatives that have the highest and
second-highest probabilities.

 There however, is a significant difference regarding the effects of kerosene and wood prices with
non-ordered models suggesting a counter-intuitive effect for kerosene prices on the probabilities.



11

high for LPG prices, whereas for wood prices the two effects cancel out hence
resulting in an insignificant overall effect. The negative effect for kerosene prices
suggest that the resulting effect of a price increase is toward inferior fuels and away
from LPG. Similarly, one can conclude that a decrease in kerosene prices might be
effective in raising energy status and encouraging adoption of cleaner fuels. The price
of wood is statistically insignificant for fuel switching. This might be explained by the
fact that wood-users are mainly the low-income people who cannot afford other
alternative fuels that are considerably more expensive especially in terms of fixed
costs of appliances.

The size of the household and the age of the head of the household have a
positive effect on the probability of choosing cleaner fuels, as does the household
being headed by a female. Living in larger cities or metros also increases the
probability of choosing cleaner fuels, as does having more LPG distributors and hence
easier accessibility. The seasonal dummies have no significant effects, suggesting that
urban households do not significantly change their cooking energy choices across
different seasons. A number of state dummies are also included in the model and the
coefficients on these are mostly significant, suggesting that there are differences in the
choice behavior of households living in different regions of the country (see Table Al
in the appendix for the estimated effects of the state dummy variables). The rates of
correct prediction of the household’s main fuel are given at the bottom of Table 3.

Insert Table 3:

In order to better understand the nature of the substitution patterns between the
three main cooking fuels amongst different households, the marginal effects of the
significant variables at the sample means are also calculated and presented in Table 4.
The numbers in this table show the effect of a one-unit change in a given explanatory
variable (or a switch in the case of dummy variables) on the probability of choosing
each one of the three fuels. As all the continuous variables are in logarithms, the
corresponding marginal effects can be interpreted as the effect of a relative change,
thus can be used for a direct comparison of the magnitude of different effects. The
first observation from these results is that among the continuous explanatory
variables, LPG price and household income have the most important effects and
among the dummy variables, those associated with the household head’s education
have the greatest effects.

The household head being illiterate or only having primary education
increases the probability of choosing firewood or kerosene as a cooking fuel, whereas
those households where the head has a higher level of education are more likely to use
LPG. For instance, households with illiterate heads are on average about 22% more
likely than those with a secondary school education (base category) to use wood and
about 34% less likely to use LPG. These results also indicate that a 10% increase in
income will raise the share of LPG users by 4.7% while decreasing the share of wood
and kerosene users by 2.6 and 2.1% respectively.

The results in Table 4 also suggest that higher LPG prices are associated with
a significant negative shift away from LPG, as one might expect. According to the
model results, a 10% decrease in LPG price, for instance will increase the average
share of LPG users by about 7% while decreasing the share of wood and kerosene
users by 3.1 and 3.9% respectively. The effect of kerosene price is much smaller and
more ambiguous. For instance, a 10% increase in the kerosene market price will
decrease the share of LPG users by about 0.8% while increasing the users of kerosene
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and wood by about 0.4%. Such a positive effect on wood demand can be explained by
the behavior of moderate and low-income households in substituting kerosene with
wood. Whereas, the positive effect on kerosene demand and the negative effect on
LPG demand can be explained by the ambiguous effect of kerosene prices on
households that use LPG and kerosene together. These households, accounting for
about 24% of the sample, when faced with high kerosene prices, in some cases might
tend to substitute kerosene with LPG but in other cases are subject to an income effect
resulting from higher kerosene prices, which might push them towards inferior fuels
and consuming less energy. The results suggest that the latter effect dominates the
former. Hence, an increase in kerosene price could cause a higher share of kerosene
consumption for these households.

Insert Table 4:

In addition, the marginal effects for the variables household income and price
of LPG calculated for different income tiles of the population are listed in Table 5.
Differences in the marginal effects of the price and expenditure variables are evident
for households belonging to different income tile groups. As expected, the marginal
effect of income on the probability of using wood is much greater for low-income
households. For instance a 10% increase in household income decreases the
probability of using wood by .03 to .04 in low-income households, while the decrease
is only about .003 to .007 for high-income households (see upper panel of Table5). A
contrasting pattern can be observed for the use of LPG that is subject to a relatively
low marginal effect for income among high-income households.

Similar patterns can be seen regarding the effects of LPG prices among
different income groups. As the lower panel of Table 5 indicates, higher LPG prices
push households away from LPG use, but this effect is greater for moderate and
median income groups and relatively low for high-income households. For instance a
10% increase in LPG prices can decrease the LPG share by 7% among first quartile
income group but only 5% among the third quartile income group. Another interesting
pattern observed in Table 5 is that being in a lower income group increases the
probability of choosing wood over kerosene when LPG price increases. Conversely,
when facing higher LPG prices, the moderate and high-income households are more
likely to substitute LPG with kerosene than with wood.

Insert Table 5:

VI. Conclusions

The paper provides results of the estimation of an ordered discrete choice
model on fuel choices and patterns of cooking fuels in urban Indian households using
a large database consisting of 46,918 observations. The analysis is used to determine
the responsiveness of fuel choices to own price, income, price of alternate fuels and
variables relating to socio-demographic and geographic characteristics of households.

From a methodological point of view, this paper differs from previous
literature in that we assume that there is a natural order of progression in terms of the
choice of fuels based on their efficiency, ease of use, and cleanliness and therefore,
we employ an ordered discrete choice framework to model fuel choice. Our analysis
shows that in the Indian context, such ordered models can be as useful and instructive
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as non-ordered multinomial models. Our work suggests that ordered models that have
fewer parameters and are easier to interpret, provide a better performance in
predicting the choice of multiple fuel users.

The descriptive analysis and the econometric results reported in the paper
suggest that the observed patterns in the data are consistent with the stylized “energy
ladder” theory. In other words, there is an order in the distribution of energy shares by
the primary fuel that depends to a large extent on the level of income of the
household. Firewood and LPG at the two extremes are more likely to be used with
kerosene in the middle, than with each other. However, the results also show that in
addition to income, there are several socio-demographic factors such as education and
sex of the head of the household, which are important in determining the choice of
fuels in urban Indian households. Our results thus corroborate that of other recent
studies (Heltberg, 2005; Masera et al., 2000) that suggest that fuel choice is not
determined purely by economic factors and that a more general interpretation of the
energy ladder theory is needed.

Overall, fuel choice decisions in urban Indian households appear to be flexible
and dynamic with many households maintaining the ability to use two or more
different fuels for cooking at any given point in time. Our results seem to suggest
several reasons why households shift to the use of modern fuels. In urban areas, where
firewood is often bought and opportunity costs for collecting wood are high,
economic considerations and availability are crucially important in determining fuel
choices. Higher incomes increase the ability of households to afford both the
equipment and fuel costs of modern fuels like LPG, which are also more widely
available in urban areas. Better education increases the awareness of households of
the negative health impacts associated with the use of firewood and also the
advantages of modern fuel use, in terms of efficiency and convenience. In larger cities
and areas where modern fuel supplies are more regularly and reliably distributed,
households are more likely to choose modern fuels and less likely to require back-up
or supplemental use of other fuels. In addition, households where women are more
empowered are less likely to use less efficient wood. Other reasons, such as tastes,
customs and status, may also influence fuel choice and require further investigation.

From a policy point of view, our results suggest that in order to encourage
households to make fuel substitutions that will result in more efficient energy use and
less adverse environmental, social and health impacts, a subsidization of LPG gas
provision, a promotion of higher levels of education, greater empowerment of women
and a promotion of general economic development could be effective instruments.
Given the high fiscal costs associated with LPG fuel price subsidies, however, it may
be more sustainable to promote policies that promote rebates on the purchase of LPG
stoves and easier access to credit or purchase on installment plans for the equipment
needed to use cleaner fuels such as LPG in a more targeted fashion. In addition, since
multiple fuels are more likely to be used by the poor and the share of secondary fuels
in total cooking fuel consumption is higher for households in lower income decile
groups, a LPG fuel subsidy policy is likely to benefit richer rather than poorer
households and may not result in a complete transition away from the use of inferior
fuels like wood and kerosene. As the results of the analysis presented in this paper
highlight several other variables in addition to fuel price as affecting fuel choice, this
points also to the importance of exploring other policy options than pricing alone.
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Figure 2. Total cooking energy by Income (41,593 households)
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Table 1. Average and median share of household's useful cooking
energy by primary cooking fuel

Average share of cooking energy

Average share of

Fraction of kerosene
households purchased in the
Firewood Kerosene LPG market
5 .
=  Firewood 76.2% 23.0% 0.8% 20.9% 31.2%
%o (78%) (22%) © ©
TS
2 Kerosene 7.1% 91.4% 1.5% 25.5% 55.2%
2° 0) (100%) ) (56%)
£
§ LPG 1.5% 7.2% 91.3% 53.6% 28.6%
©) ) (100%) (0)
Total 18.5% 32.0% 49.5% 100% 38.9%
©) (16%) (69%) 0)

- Median shares are given in parantheses.



Table 2. Descriptive statistics (41,593 urban households)

Mean Std. Dev. Minimum Maximum
LPG price (Rps/liter) * 11.808 0.610 10.56 13.33
Kerosene market price (Rps/liter) * 9.145 2.139 4.80 13.00
Kero. price in public system (Rpsl/liter) * 3.218 0.383 2.70 5.00
Firewood market price (Rps/kg) * 1.448 0.465 0.67 3.50
No. of LPG distributors per 100,000 HHs ** 5.159 3.407 1.25 14.53
Household monthly income (Rps) 4232.1 3136.2 108 68805
HH monthly expenditure per person (Rps) 1020.4 796.6 18 35612
Age of the HH head 44.83 13.32 5 98
Number of persons in the HH 4,711 2.387 1 30
HHs with a single member 0.063 0.243 0 1
HHs with a female head 0.104 0.305 0 1
Main HH income from casual labor 0.122 0.327 0 1
HH head illiterate 0.178 0.382 0 1
HH head's education primary school or lower 0.218 0.413 0 1
HH head has a university education 0.190 0.392 0 1
HH residence in a metropolitan area *** 0.214 0.410 0 1
Interview was held in Monsoon 0.249 0.433 0 1
Interview was held in Winter 0.248 0.432 0 1

*  Median prices at the district level (78 districts).
** Calculated at the state level (32 states).
*** Cities with more than a million habitants.



Table 3. Regression results

Alternatives in ascending order:

Firewood, Kerosene, LPG Coeff.  Std. Error

In (LPG price) -1.780 ** 0.228
In (Kerosene market price) -0.203 ** 0.050
In (Kero. price in public system) -0.201 * 0.087
In (Firewood market price) 0.010 0.045
In (# of LPG distributors per 100,000 HHs) 0.071 0.036
In (HH monthly expenditure per person) 1.182 ** 0.017
In (Age of the HH head) 0.519 ** 0.023
In (Number of persons in the HH) 0.424 ** 0.018
HHs with a single member -0.388 ** 0.034
HHs with a female head 0.302 ** 0.022
Main HH income from casual labor -0.438 ** 0.020
HH head illiterate -0.899 ** 0.019
HH head's education primary school or less -0.537 ** 0.016
HH head has a university education 0.622 ** 0.024
HH residence in a metropolitan area 0.187 ** 0.018
Interview was held in Monsoon -0.006 0.016
Interview was held in Winter -0.025 0.016
Log Likelihood -29721.2

Pseudo R-squared 0.2923

Percentage of correct prediction of chosen fuels:

Primary fuel for all the sample
(41,593 households):

Both 1st and 2nd fuels for multiple-fuel users
(22,264 households):

67.07%

62.57%

* significant at .05; ** significant at .01;

State dummies (18 groups) are included in the model (see Table Al).
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Table 4. Marginal effects at the sample mean

Wood  Kero. LPG
In (LPG price) 0.310 0.391 -0.701
In (Kerosene market price) 0.035 0.045 -0.080
In (Kero. price in public system) 0.035 0.044 -0.079
In (HH monthly expenditure per person) -0.206  -0.260 0.466
In (Age of the HH head) -0.090 -0.114 0.204
In (Number of persons in the HH) -0.074 -0.093 0.167
HHs with a single member 0.083 0.071 -0.154
HHs with a female head -0.045 -0.070 0.115
Main HH income from casual labor 0.093 0.080 -0.173
HH head illiterate 0.218 0.127 -0.344
HH head's education primary school or less | 0.113 0.099 -0.212
HH head has a university education -0.084 -0.145 0.230
HH residence in a metropolitan area -0.030 -0.042 0.073

Only the statistically significant effects are listed.
For dummy variables the effects are obtained from probability differences.
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Table 5. Marginal price and income effects at the sample median by
income category

Alternative: Wood Kero. LPG

In (HH monthly expenditure per person)
HH expenditure per person: 10 percentile| -0.394 -0.015 0.410
25 percentile| -0.295 -0.171 0.466

Median| -0.168 -0.282 0.450

75 percentile] -0.072 -0.267 0.339

90 percentile| -0.027 -0.185 0.211

In (LPG price)
HH expenditure per person: 10 percentile| 0.594 0.023 -0.617
25 percentile] 0.444 0.257 -0.701

Median| 0.253 0.424 -0.677

75 percentile] 0.108 0.402 -0.510

90 percentile| 0.040 0.278 -0.318




Appendix.

Table Al. Regression coefficients and sample means for state dummies

State dummy S’ar:;r:e Coeff. ESrtr(l.r

AP 0.0833 0.180 ** 0.040
ARP,ASM,MPR,MEG,

MIZ,NGL, SKM,TRI 0.0838 -0.302 ** 0.043
BHR 0.0298 -0.065 0.064
GOA, D&D, A&N Islands,

LKS, D&N Hoveli 0.0217 -0.282 ** 0.050
GuUJ 0.0606 0.368 ** 0.041
HAR, PUN 0.0564 0.404 ** 0.040
HP, J&K 0.0203 0.304 ** 0.052
KAR 0.0530 -0.160 ** 0.044
KER 0.0451 -0.939 ** 0.050
MP 0.0655 -0.126 **  0.040
ORS 0.0188 -0.378 ** 0.065
RAJ 0.0440 -0.117 * 0.048
TN, PON 0.0994 -0.136 **  0.038
UP 0.0925 -0.062 0.036
wWB 0.0505 0.088 0.054
CHD 0.0173 0.456 ** 0.082
DEL 0.0242 0.200 ** 0.073

The omitted state: MHR; * significant at .05; ** significant at .01.
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