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1. Introduction

The study of energy usage and fuel choice has become increasingly
important and urgent as scientific research reveals the environmental
impact of carbon emissions and the adverse effects of indoor air pollu-
tion. In particular, researchers and policymakers alike have turned
their attention to developing countries as these populations become
ever larger consumers of energy. Households are also thought to
experience an “energy transition” or to move along an “energy ladder”
(Leach, 1992; Barnes and Floor, 1999; Barnes and Qian, 1992; Hosier
and Kipondya, 1993), whereby broader trends in economic develop-
ment generate a shift in the fuel mix towards commercial fuels and
away from biomass. But, as Jiang and O'Neill (2004 ) point out, the char-
acteristics of this phenomenon have not been well-documented, and
it is unclear whether the declining share of biomass energy represents
a net reduction in absolute biomass use. Moreover, the existing litera-
ture has not adequately explored the relationship between energy tran-
sition and demographic transition. Static links between fuel choice and
demographic characteristics have been well-documented, but the con-
nection with demographic change remains much less clear. As the
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demographic transition often precedes economic development in
today's developing countries, effective energy policy must take into ac-
count how demographic change within a population may influence
both the timing and the path of the energy transition.

This paper has two main contributions. First, we describe trends in
energy usage in Indonesia, in terms of both quantity and composition.
Careful and detailed descriptions of energy use, over time, have been
conducted for several countries but has not, to date, been conducted
for Indonesia (Permana et al., 2008, presents a case study of Bandung
City, the capital of West Java province in Indonesia for a single point in
time). We focus on the two decades in which Indonesia experienced
its most significant economic expansion to date (1980-2002). This
growth was precipitated by falling oil prices in the 1980s, which
prompted the Indonesian government to diversify away from oil ex-
ports and towards manufactured exports, accelerating industrialization
(Elias and Noone, 2011). Indonesia is now the fifth most populous coun-
try in the world with the 9th largest economy, based on PPP-adjusted
GDP. Between 1980 and 1997 (before the Asian Financial Crisis),
Indonesia's GNI per capita experienced an annualized growth rate of
4.16%. Indonesia is also ranked 23rd in the world in crude oil production,
and 25th in crude oil exports, and the nation has even greater stores of
natural gas, ranking at 12th in both production and exports (CIA, 2016).
This period also marks a dramatic shift in Indonesia's demographic
transition. After reaching its peak in the early 1970s, the population
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growth rate began decreasing, with fertility falling by half, nearly to the
replacement rate, by the turn of the century. Life expectancy increased
from 58 to 65, the population growth rate fell from 2% to 1%, and prima-
ry school completion rates increased from 58% to 99%. Urbanization also
increased rapidly, from 22.1% in 1980 to 43.6% in 2002 (World Bank,
2012).

These features make Indonesia both a key component of world ener-
gy use and an instructive case for examining the relationship between
fuel choice and demographic change. The relationships we estimate
can provide insight into the energy transition for other countries at a
similar point in the development process - that is, in the early stages
of industrialization, urbanization, and demographic transition. Within
this group, our findings may be particularly relevant for other oil-
producing and/or resource-rich countries, such as Nigeria (McNicoll,
2011), given Indonesia's natural resources. However, Indonesia's
growth during this time was due largely to industrialization rather
than resource extraction, suggesting that our findings may apply more
broadly. Additionally, as discussed below, our analysis allows us to
disentangle and differentiate the impacts of demographic, economic,
and structural change, so that we can consider the impact of, say, demo-
graphic change alone, without the accompanying economic and struc-
tural change observed in Indonesia during this period.

The second key contribution of this paper is to identify the determi-
nants of the observed energy transition. We estimate the household de-
mand for energy, disaggregated by type, accounting for a wide variety of
demographic characteristics and allowing their influence on energy use
to vary over time. Previous studies generally have two main limitations.
First, those that have been able to obtain data over a longer time period
tend to estimate a single average effect, held constant over time, and
for only one factor at a time. Barnes et al. (2005) find a clear positive
relationship between household size and use of biomass, and vice
versa for modern fuels, using data from the World Bank's Energy Sector
Management Assistance Programme (ESMAP). However, their calcula-
tions are done by stacking all years of data (1984-1999) together,
which may mask important changes in this relationship over time and
throughout the energy transition. Taking a historical perspective, Gales
et al. (2007) estimate that growth in per capita income accounted for
55% of the change in energy consumption in Sweden, the Netherlands,
Italy and Spain between 1870 and 2000 but, again they do not allow
the effect of income to vary over time.

Alternatively, there have been several papers to examine the effect
of multiple factors, economic and demographic, simultaneously, but
these rely on a single cross-section of data, precluding any analysis of
how these relationships may have evolved over time. Jiang and O'Neill
(2004) and Pachauri and Jiang (2008) examine a wide range of demo-
graphic characteristics (sex, education, and occupation of household
head; household size and structure; geographic location) in addition
to household income for China and India, utilizing a single cross-
section of data in each case. Heltburg (2004) utilizes data from eight di-
verse countries and examines the relationships between fuel choice and
income, household size and education. Again, the data are drawn from a
single point in time, but it is evident that the estimated relationships,
although generally consistent with an energy transition, differ substan-
tially across countries in terms of not only magnitude but also sign. One
exception is Campbell et al. (2003), which utilize data over a five year
period (1994-1999) and do treat each time period separately. Their cal-
culations suggest that rates of changes for electricity and kerosene use
do not differ across income groups. They do not, however, document
or account for the effect of other correlated demographic characteristics,
which are likely to affect the observed relationship between income and
fuel choice.

Another notable exception is the large literature on index decom-
position analysis (IDA). The IDA methodology utilizes time-series
data to separate changes in energy use into their component parts
(e.g., sectoral/industrial composition, energy efficiency), generally
by using observed shares/intensities (see Ang and Zhang, 2000 for an

overview). More recently, this approach has been extended to consider
changes in not only industrial energy use, but household energy
demand as well. Nie and Kemp (2014) use the logarithmic mean Divisa
index (LMDI, Ang et al., 1998) to examine changes in household energy
use in China between 2002 and 2010. Song and Zheng (2012) and
Zhang (2013) utilize both IDA and econometric analysis to estimate
the determinants of the energy transition in China and the transition
economies of Eastern Europe and Central Asia, respectively. In this
paper, we present a new method to combine econometric analysis
and index decomposition analysis (IDA) to examine household energy
transition. This approach also allows us to consider several different
energy sources along with a very broad range of demographic and struc-
tural factors, while providing a clear and concise representation of our
findings.

We examine the share of the household fuel budget allocated to
each type of fuel (including firewood, charcoal, kerosene, liquefied
petroleum gas (LPG), city/natural gas, and electricity). We utilize a
Tobit (Tobin, 1958) specification, which allows us to capture both the
decision to use a particular fuel as well as the quantity that is ultimately
consumed. Our data permit the estimation of energy demand equations
that are flexible in a number of important dimensions. In particular, the
estimated demand equations:

(1) incorporate detailed information on the demographic composi-
tion of households,

(2) allow the household response to income change to be very
flexible,

(3) permit preferences for energy, by type, to change over time and
independently of income and demographic changes,

(4) allow the effects of demographic change to vary with household
income and household size,

(5) control for province-level unobserved heterogeneity in energy
demand through the use of fixed effects, and

(6) identify the impact of the geographic distribution of the popula-
tion, separate from the distribution between rural and urban
areas, on energy demand.

Flexibility is obtained by allowing double and triple interactions be-
tween variables, and by allowing the full set of parameters to vary over
time without restriction. The benefit of this approach is that it better
captures the complex ways in which energy demand evolves over
time in a rapidly changing developing country. The challenge is that
individual regression parameters are not easily interpretable. For
example, calculating the effect of a change in the number of household
members on the demand for any particular type of energy requires
evaluating an expression involving dozens of parameters and variables.
Instead, we borrow methods from index decomposition analysis to
summarize the effects of demographic change, income growth, and
changes in preferences on the demand for various fuels in Indonesia
between 1980 and 1999.

2. Data and context

The data are drawn from the 1980, 1984, 1987, 1990, 1993, 1999 and
2002 Indonesian National Socioeconomic Surveys, commonly known by
the acronym SUSENAS. The SUSENAS is a series of surveys initiated
in 1963-1964 and conducted periodically by the national statistical
agency, Biro Pusat Statistik (BPS). Although the initial rounds covered
only selected provinces due to funding constraints, the sampling
frame has been nationally representative throughout the 1990s.
In 1993, the sample size was extended from 65,000 households to
202,000 households. Each survey consists of a core questionnaire to
collect basic demographic data such as relationship to the household
head, sex, age, marital status, and educational attainment of all house-
hold members. In 1992, the core questionnaire was extended to include
critical indicators of individual and household welfare such as
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ownership of durable goods, roof/floor/wall construction, nutritional
status, and labor force participation. Since 1990, the core questionnaire
has been administered every year and accompanied by a detailed mod-
ule. There are three modules which rotate from year to year: (1) income
and expenditure; (2) socio-culture, tourism, welfare and crime; and
(3) health, education, housing and sanitation.

Beginning in 1981, the income and expenditure data have been
collected every three years; similar survey instruments were also imple-
mented in 1976, 1978, and 1980. This module provides a complete
picture of the household's expenditures and sources of income, defined
so that total expenditure equals total receipts. Respondents are asked
about income from various economic activities, as well as unearned in-
come such as transfers, inheritance, and sale of assets. With regard to
expenditure, these data include information on the quantity and value
of consumption for 203 detailed food items in the previous week and
103 non-food items in the previous one month and one year. Data are
collected on the following energy-related items: electricity, liquefied
petroleum gas, natural/city gas, kerosene, diesel, gasoline, lubricants,
charcoal and firewood, as well as expenditures related to the use of
generators and motor vehicles.

The analysis dataset consists of a single observation per sampled
household that contains variables for the expenditure and quantity of
each combustible fuel, plus total nominal household expenditure, as
well as data from the core questionnaire on household composition
and demographic characteristics. Nominal household expenditure is
deflated with the consumer price index (2000 = 100) published in
the United Nations Common Database. Less than half of one percent
of households are dropped from the estimation sample in each year
due to zero expenditure on all combustible fuels, leaving roughly
50,000 household-level observations per year. Total expenditure is
used in preference to the conventional notion of income because it is
better defined and measured, especially in an economy in which income
derives from self-employment in agriculture and other family enter-
prises. In addition, total household expenditure is a better measure
of “permanent income” in that it is less prone to vary with the

idiosyncratic and aggregate shocks that are important sources of income
fluctuations in the developing world.

There are two important limitations of the data; we lack data on
both fuel prices and accessibility. Prices could be inferred from the infor-
mation on quantity and expenditure, but only for households that have
non-zero consumption. It would be possible to impute prices for those
households with zero consumption, based on the implied prices calcu-
lated from consumer households, but it is also necessary that we ac-
count for significant local variation in energy prices (Pitt, 1985) both
within and across years. The survey design makes this infeasible, as
the number of households surveyed within each locality (kabupaten)
is small by design, in order to obtain a nationally-representative sample.
With a small sample for imputation, the procedure becomes more unre-
liable and subject to both measurement and recall error, particularly in
the early years when access to modern fuels was more limited.

2.1. Demographic change in Indonesia 1980-2002

Table 1 presents means and standard deviations for a variety of de-
mographic characteristics for each survey year. All aggregate statistics
are computed with sampling weights in order to provide figures that
are representative of the country of Indonesia as a whole. Household
size has decreased in each period, largely driven by a reduction in
fertility, as evidenced by the decline in the average number of children
under age 17 per household (Fig. 1). An aging of the population is also
evident in both the average age of household heads and the average
number of adults aged 55 and above per household. Male household
headship has remained relatively constant, with perhaps a modest
decline overall. The population has become increasingly urban over
time, with the proportion of households living in urban areas more
than doubling between 1980 and 2002. Monthly household expenditure
(inflation-adjusted) has also more than doubled over the period, with per
capita expenditure growing more rapidly than overall expenditure, given
the decline in average household size. Lastly, average and overall educa-
tional attainment has increased substantially over the period, as

Table 1
Household demographic characteristics.
1980 1984 1987 1990 1993 1999 2002
Urban residence 20.86% 22.06% 25.79% 28.79% 30.97% 38.53% 44.64%
(0.406) (0.415) (0.437) (0.453) (0.462) (0.487) (0.497)
Age of household head 42.88 4324 43.83 4438 4493 45,58 45.18
(12.897) (13.614) (13.873) (13.714) (13.879) (14.093) (13.886)
Male household head 87.18% 86.50% 86.80% 87.62% 87.37% 86.81% 87.77%
(0.334) (0.342) (0.339) (0.329) (0.332) (0.338) (0.328)
# of Hh members 4.809 4,677 4.607 4.565 4379 4114 3.972
(2.268) (2.174) (2.132) (2.017) (1.924) (1.811) (1.684)
Monthly Hh expenditure® 308,336 396,823 449,408 477,671 513,878 583,339 666,438
(297,168) (362,158) (416,488) (454,522) (512,678) (506,612) (794,612)
Monthly Hh exp. per capita® 68,610 90,942 103,790 109,902 123,105 152,728 178,822
(59,466) (77,382) (88,276) (86,147) (107,123) (122,365) (184,564)
Consumer Price Index 13 19 23 29 37 96 125
Schooling of head
No schooling 33.12% 26.10% 22.26% 20.28% 17.23% 13.03% 10.95%
(0.471) (0.439) (0.416) (0.402) (0.378) (0.337) (0.312)
Some primary 30.68% 33.66% 32.17% 25.73% 30.59% 23.53% 20.93%
(0.461) (0.473) (0.467) (0.437) (0.461) (0.424) (0.407)
Completed primary 23.41% 25.55% 26.48% 33.06% 28.92% 31.07% 32.12%
(0.423) (0.436) (0.441) (0.470) (0.453) (0.463) (0.467)
Completed junior high 6.66% 6.64% 8.34% 9.02% 9.21% 11.79% 12.83%
(0.249) (0.249) (0.277) (0.286) (0.289) (0.323) (0.334)
Completed senior high 5.08% 6.98% 8.92% 9.57% 11.34% 16.09% 17.43%
(0.220) (0.255) (0.285) (0.294) (0.317) (0.367) (0.379)
Some college 1.05% 1.08% 1.82% 2.35% 2.71% 4.49% 5.73%
(0.102) (0.103) (0.134) (0.151) (0.162) (0.207) (0.232)
Number of observations 56,773 50,161 51,209 46,057 58,864 61,114 64,344

Source: Indonesian National Socioeconomic Survey (SUSENAS).

Standard errors in parentheses.

@ Deflated with consumer price index (2000 = 100) from the United Nations Common Database.
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Fig. 1. Household composition in Indonesia.

represented by the schooling level of the household head. The fraction
having completed junior/senior high or college increased in each survey
year, while the fraction with no schooling declined in each year.

2.2. Trends in fuel use

Fig. 2 displays the proportion of households using each energy-
related good across the six years of data. Kerosene usage declined
modestly in each year of observation, with a more marked decline be-
tween 1993 and 1999 and slight uptick again in 2002. During this
time, liquefied petroleum gas (LPG) usage increased dramatically,
from less than 1% of the population to just over 10%, likely pointing
to substitution of LPG for kerosene as cooking fuel. Parallel trends of
decreased reliance on biomass and a shift toward modern fuels are
evident in the data, particularly throughout the 1990s. Electricity and
LPG usage increased steadily throughout this period while usage of
charcoal and firewood declined. These trends coincide with a period of

Kerosene

0.80

0.60

Firewood

0.40

0.20

Charcoal

0.00 _
1980 1984 1987

rapid growth in household expenditure, which is consistent with the
“energy transition” observed in other developing countries. However,
as Jiang and O’Neill (2004) note, these trends do not provide a complete
picture of energy consumption and the potential implications for the
environment. In particular, policymakers might be interested in the
quantity of biomass consumed, fuel mix and total energy usage.

Table 2 displays the average quantity purchased for four of the five
main sources of household energy usage (electricity, LPG, kerosene,
and charcoal) as well as aggregate household energy consumption, in
barrel oil equivalents (see Appendix, Table A1 for conversion factors)
across these five categories. The overall average provides a sense of
changing national energy consumption, while the average quantity
among households with non-zero purchases gives a better sense of
energy usage within a typical household. Consumption of electricity
increased substantially over the period, while we see that increases in
LPG consumption are driven entirely by an increase in the number of
consumers. There is also some evidence of improvements in efficiency

Electricity

1990 1993 1999 2002

Fig. 2. Proportion of households using each fuel.
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Table 2
Average quantity of fuel purchased per month, household-level.
Overall 1980 1984 1987 1990 1993 1999 2002
Electricity (kwh) 1.798 16.72 19.63 22.73 32.18 60.55 75.52
(19.292) (61.084) (54.750) (62.418) (74.586) (150.890) (153.400)
LPG (kg) 0.099 0.062 0.229 0.360 0.441 1.131 1.665
(4.608) (1.398) (2.359) (5.810) (4.120) (4.945) (7.850)
Kerosene (liter) 18.176 17.695 15.173 14.597 13.593 14354 15.127
(16.982) (16.686) (16.647) (17.575) (16.820) (15.962) (14.798)
Charcoal (kg) 0.371 0.317 0.416 0.363 0.297 0.108 0.028
(2.365) (1.508) (2.760) (1.425) (1.830) (1.949) (1.030)
Total (barrel oil equivalents) 0.112 0.117 0.106 0.106 0.106 0.133 0.151
(0.112) (0.117) (0.116) (0.131) (0.124) (0.148) (0.156)
Consumers only
Electricity (kwh) 18.41 83.17 57.20 54.99 60.58 73.99 87.18
(59.22) (114.18) (81.16) (87.48) (93.56) (163.8) (161.7)
LPG (kg) 20.58 18.48 17.79 18.99 16.85 15.88 16.26
(63.16) (15.45) (10.93) (37.79) (19.31) (10.44) (19.09)
Kerosene (liter) 18.38 17.99 15.91 15.63 15.05 16.70 17.18
(16.97) (16.67) (16.70) (17.74) (17.07) (16.04) (14.61)
Charcoal (kg) 2915 2.331 2.601 2.362 2.808 4.900 7.624
(6.048) (3.470) (6.476) (2.913) (4.966) (12.17) (15.29)
Proportion of households with non-zero consumption
Electricity 0.0976 0.2010 0.3432 0.4133 0.5310 0.8183 0.8663
LPG 0.0048 0.0034 0.0129 0.0189 0.0261 0.0712 0.1025
Kerosene 0.9889 0.9838 0.9535 0.9336 0.9031 0.8593 0.8802
Charcoal 0.1271 0.1359 0.1600 0.1537 0.1056 0.0221 0.0036
Firewood 0.5771 0.6768 0.7062 0.7143 0.6800 0.5093 0.5053

Source: Indonesian National Socioeconomic Survey (SUSENAS).
Standard errors in parentheses.

for LPG, as purchases among consumers actually declined slightly over the
period. With the exception of the early years for electricity, the quantities
purchased by the average consumer exhibit a more stable trend over time,
which suggests that consumption decisions for electricity and LPG may be
determined more by access and availability than by consumer prefer-
ences. Kerosene consumption decreased slightly, according to both mea-
sures, evidence of decreasing prevalence of charcoal use coupled with
falling purchases among consumers. The quantity of charcoal purchased,
averaging over all households in the sample, declined steadily after
1990. This is driven entirely by a reduction in the proportion of house-
holds consuming charcoal, as the average quantity purchased, conditional
on having non-zero consumption of charcoal, increased over the same pe-
riod. In fact, of households consuming charcoal, the average quantity pur-
chased more than tripled between 1990 and 2002.

For firewood, quantities cannot be ascertained, as the data include
only the total value of firewood consumed' by the household; both
quantity and total value are reported for other fuels. Without data on
the quantity of firewood consumed, it is difficult to quantify changes
in total energy usage by the average Indonesian household, as over
half utilize firewood. However, the price of firewood is proportional to
the price of charcoal (see Pitt, 1985) and, if this proportionality remains
roughly constant over time, data on firewood expenditures and charcoal
prices can be used to ascertain a trend in the quantity of firewood
consumed.? Table 3 displays the average real value of firewood utilized

! The bulk of household firewood is gathered personally rather than purchased in
markets. Arnold et al. (2003) note that, even in 1993, about 55% of household firewood
was collected for free. This, along with the fact that quantities of firewood are difficult to
estimate accurately, makes it challenging to gather consumption data on firewood.
Acknowledging this, survey respondents are not asked to report a quantity for firewood,
only the total value. Moreover, enumerators are given explicit instructions to prompt re-
spondents to provide the estimated value of any firewood that is not purchased (Central
Bureau of Statistics, 1990).

2 Unlike charcoal, the implicit cost of firewood entails changing labor costs as well,
given the prevalence of fuelwood collection, primarily for rural residents. Using data from
Indonesia's Labor Force Survey (SAKERNAS), Dhanani and Islam (2004) show that the
rural-urban wage gap fluctuated by less than 25% over the study period, remaining in a
relatively narrow range (57-70). These fluctuations are modest in comparison to the
changes in both firewood consumption and the imputed charcoal price.

and the imputed real price of charcoal. Over the period as a whole, we
see that the average value consumed increased substantially, both
among consumers (67%) and in the population as a whole (46%),
while the imputed charcoal price declined by roughly 51%. However,
this price increase was likely outpaced by real wage growth. Dhanani
and Islam (2004) find real wage growth of 5% per annum in the two
decades leading up to the financial crisis and, by 2000, wages had recov-
ered to around 90% of their pre-crisis level. This implies that, even
if there were no additional increase after 2000, real wages would have
increased by roughly 85% over our study period (5% per annum from
1980 to 1997). This exceeds the increase in charcoal prices by more
than 30 percentage points, implying a sizable increase in the real price
of firewood. A crude calculation using these values indicates that, on
average, the quantity of firewood consumed has increased by roughly
12% over our study period,® though there are clearly several caveats,
as previously discussed.

Using the same approach, we can examine changes between survey
waves as well, though it is more difficult to find comparable data on
wage growth. Between 1980 and 1984, the overall increase in value ex-
ceeds the reduction in price, even allowing for an additional 5% increase
per annum due to wage growth. However, this is not true for the increase
in expenditure among consumers suggesting that, while the number
of firewood consumers increased, typical firewood usage declined. Con-
versely, between 1984 and 1999, price increases outpaced the increase
in consumption value, even assuming moderate wage growth of <4%
per annum, which suggests a decline in the total quantity consumed.
Interestingly, after the Asian Financial Crisis, in 1999, there is also a dra-
matic decline in the average value of firewood consumed, indicative
of the severity of the crisis as well as the transition to modern fuels.
And in 2002, we observe a rebound, with a large increase in firewood
consumption, though it is difficult to determine the increase in quantity
without more precise estimates of wage growth during this period.

3 The charcoal price decreased by 51% while real wages increased by 85%, implying a net
price increase of 34% for firewood. In comparison, the real value of consumption increased
by only 46%. The difference between the increase in total consumption value and the in-
crease in real price suggests an increase in quantity consumed of only 12%.
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Table 3
Average monthly expenditure® on firewood, household-level.
1980 1984 1987 1990 1993 1999 2002
Overall 4648 8862 9282 9280 9595 6078 6792
(8060) (10,113) (10,143) (10,121) (10,595) (9059) (10,173)
Rate of change 90.65% 4.74% —0.02% 3.40% —36.65% 11.75%
Consumers only 8055 13,095 13,145 12,991 14,111 11,935 13,443
(9227) (9782) (9743) (9756) (10,068) (9553) (10,743)
Rate of change 62.57% 0.38% —1.17% 8.62% —15.42% 12.64%
Imputed charcoal price (kg) 2122 746.1 959.9 888.1 824.4 993.6 1032
(10,544) (336.2) (3393) (2721) (632.5) (709.8) (1097)
Rate of change —64.84% 28.67% —7.49% —717% 20.52% 3.82%

Source: Indonesian National Socioeconomic Survey (SUSENAS).
Standard errors in parentheses.

2 Deflated with consumer price index (2000 = 100) from the United Nations Common Database.

Returning now to overall energy consumption, which is calculated
by aggregating all fuel purchases, measured on the basis of energy out-
put (barrel oil equivalents), we see an increase in the early 1980s,
followed by a slightly larger decline in 1987. Average energy consump-
tion is then amazingly stable before increasing again in the late 1990s,
likely after the Asian Financial Crisis. The probable changes in the quan-
tity of firewood consumed, as described above, parallel these trends
quite closely, with a moderate increase in 1987, followed by a decline
through much of the 1990s and a rebound thereafter. This suggests
non-trivial improvements in energy efficiency in the first part of the
study period, though this seems to have been outpaced by increases in
overall energy demand in later years.

To look more closely at energy transition, Table 4 provides the share
of each fuel in total household energy expenditure. First, we see that real
household energy expenditure has been quite stable throughout
our study period, with the exception of a large increase — more than
double - between 1980 and 1984. Energy expenditures as a share of
total expenditure have fluctuated more widely, though the changes
are relatively small, with the exception of 1980-1984 and 1993-1999.
Up to 1990, the share of electricity in the fuel budget is increasing
steadily, but the shares for LPG, charcoal, and firewood all exhibit
decreases between 1980 and 1984 and then increase again in 1987
and 1990. However, from 1990 on, there is clear evidence of an energy
transition. The fuel mix for Indonesian households shifted away from
biomass - charcoal and firewood - and towards “modern” fuels, partic-
ularly electricity and, to a lesser extent, LPG. Kerosene is unique in this
context; the high and declining share of kerosene, until 2002, does not
obviously fit into a traditional notion of energy transition. This is likely
due to the Indonesian government's use of subsidies for modern trans-
port and cooking fuels (gasoline, diesel, kerosene) throughout the study
period (Dillon et al., 2008). We return to this issue in the empirical
analysis.

3. Econometric methods

To quantify the relationship between income, demographic charac-
teristics and fuel consumption, we specify a reduced form expenditure
equation for each fuel type* (electricity, kerosene, charcoal, firewood,
liquefied petroleum gas). The expenditure equations for a representa-
tive household are of the form

Vie = BRIn(Ye) + BEIn (Yo)? + X wBEHE + X mBrCli + ot + 0 + &3¢
(1)
where Vj; represents the share of the total household budget spent on

fuel type i in community (province) j at time t. Total real household
expenditure per capita is represented by Y. Household characteristics

4 Fewer than 0.5% of households in any sample year report using city/natural gas,
resulting in insufficient data to estimate the Tobit likelihood function for this fuel.

H¥ include sex, age and schooling of the household head, household
size, urban residence, and the fraction of household members in nine
age and sex specific categories. Community-level characteristics C™ in-
clude measures of fuel access and the local value of kerosene subsides,
discussed in detail below. The parameters «;, ; and &;; capture,
respectively, the unobserved time-varying characteristics which
are constant across all households, characteristics which vary across
provinces but are constant over time, and idiosyncratic shocks. With
this specification, we allow the spatial distribution of the population
(the distribution of wj) to have an effect on fuel expenditure sepa-
rate from the effect of other demographic characteristics, including
urban/rural residence. To further allow the effect of exogenous house-
hold characteristics H on fuel expenditure to vary across income
groups and across households of varying size, we specify 8% and i
as follows:

Bl =B +BE In(Ye) + B In(S,) and B = B + B In(Ye) + BY In(Se)
2)

where S represents log household size.

Accessibility of fuel is an important determinant of consumption,
and vice versa. Ideally, we would utilize direct measures of local supply,
market access, and infrastructure. In the absence of such data, we de-
velop a proxy measure defined as the proportion of survey households
within the community (province) using electricity. This varies from
year to year and can be interpreted as a very rough proxy for changing
fuel availability. There were insufficient observations to reliably calcu-
late usage at the kabupaten (district) level; however, usage at the
kabupaten level would also be much more closely linked to local de-
mand, making it more difficult to determine the direction of causation.
Accessibility is also important for other modern fuels, for which there
are less likely to be numerous, if any, local producers. Where the de-
mand for a fuel is limited, retailers are less likely to invest in reliable
supply channels and competitive pricing schemes, further depressing
demand. Unfortunately, because our proxy is also closely tied to local
fuel demand, we include only the proportion of households using elec-
tricity, for which local supply is heavily dependent on infrastructure and
longer-term investments, rather than short-term fluctuations in con-
sumer demand.

Due to data limitations, our specification does not include fuel
prices. Rather, we rely on the year of survey indicators to capture
broad changes in prices over time, including changes in fuel subsidies,
which are governed by national policy. Of course, there are still likely
to be differences across regions in the real impact of these subsidies.
An analysis of changing subsidy regimes and local fuel prices over
the entire period is beyond the scope of our study, but we can include
arough proxy for kerosene subsidies and its impact on the local market.
We define this variable as the local (province) price of kerosene, rela-
tive to the U.S. Kerosene-Type Jet Fuel Wholesale/Resale Price by
Refiners, obtained from the U.S. Energy Information Administration.
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Table 4
Average monthly energy expenditure, household-level.
1980 1984 1987 1990 1993 1999 2002
Total energy expenditure® 13,239 32,485 32,669 31,104 35,650 30,721 36,048
(15563) (28333) (33547) (33303) (37813) (44952) (29351)
As share of total expenditure 0.055 0.100 0.087 0.077 0.083 0.055 0.064
(0.048) (0.060) (0.049) (0.044) (0.047) (0.032) (0.034)
As share of fuel budget
Electricity (kwh) 0.053 0.072 0.128 0.159 0.184 0.306 0.349
(0.174) (0.164) (0.201) (0.217) (0.209) (0.220) (0.226)
LPG (kg) 0.002 0.001 0.003 0.005 0.007 0.023 0.037
(0.040) (0.014) (0.031) (0.040) (0.051) (0.094) (0.120)
Kerosene (liter) 0.555 0.551 0.443 0.389 0.383 0.301 0.367
(0.334) (0.278) (0.266) (0.264) (0.277) (0.261) (0.264)
Charcoal (kg) 0.014 0.006 0.009 0.009 0.006 0.003 0.001
(0.059) (0.028) (0.037) (0.033) (0.031) (0.030) (0.015)
Firewood 0.342 0.338 0.372 0.388 0.365 0.284 0.245
(0.337) (0.290) (0.297) (0.305) (0.307) (0.325) (0.290)
Number of observations 56,773 50,161 51,209 46,057 58,864 61,114 64,344

Source: Indonesian National Socioeconomic Survey (SUSENAS).
Standard errors in parentheses.

¢ Deflated with consumer price index (2000 = 100) from the United Nations Common Database.

This price ratio provides an indication of how much local kerosene
prices differ from international prices and, therefore, the extent of
the subsidy.

3.1. Estimation strategy

All years of data are stacked together, and the expenditure equations
are estimated with Tobit maximum likelihood techniques, allowing for
multiplicative heteroskedasticity that varies by year of observation.
This would be equivalent to estimating Tobit equations one at a time,
except that the province fixed effects (w;) do not vary over time. Each
demand equation has 17 household demographic characteristics and
two community characteristics, each interacted with log household
size and log household expenditure per capita, plus log household size
and its square, log household expenditure per capita and its square,
the interaction of log household size and log household expenditure
per capita, and a constant term, giving a total of 63 parameters per
year. For each fuel, there are seven years of data and thus seven sets
of parameters, requiring the estimation of 441 parameters per fuel. In
addition, there are also 26 province dummy variables and 6 variables
included in the specification of the conditional variance; the total num-
ber of parameters is thus 473 per fuel. The advantage of stacking the
data is that it provides maximum likelihood estimates of the entire pa-
rameter covariance matrix. The cross-equation parameter covariances
are required for tests of parameter constancy over time. Table 5 summa-
rizes the results of pairwise null hypotheses that the parameters of
the demand for each fuel in year t are equal to the parameters of the
demand for that fuel in year t' # t, where t = 1980, 1984, 1987, 1990,
1993, 1999, and 2002. For all five major sources of household energy
consumption in our analysis — electricity, kerosene, charcoal and
firewood, and liquefied petroleum gas - this null hypothesis is rejected
at the 0.01 level in every case.

3.2. Characterizing the results

As described above, the flexibility of the empirical specification
greatly increases the number of regression coefficients, making it

Table 5
Tests of parameter constancy.
Electricity LPG Kerosene Charcoal Firewood
Number of tests 21 21 21 21 21
Rejected at 1% level 21 21 21 21 21
Rejected at 5% level 21 21 21 21 21

more difficult to interpret individual point estimates. Moreover, there
are many interaction effects which must also be included. Therefore,
to summarize the sources of change in energy demand over time, we in-
tegrate our econometric analysis with elements of index decomposition
analysis. But, unlike previous studies utilizing IDA, our decomposition is
based not on the observed shares/intensities across sectors, but rather
on the regression coefficients obtained from our econometric analysis.
Our data have both time-series and cross-sectional components,
allowing us to examine three distinct sources of change in energy de-
mand in our decomposition: changes in deterministic factors, namely
income and demographic characteristics, and changes in underlying
structural parameters, i.e. the responsiveness of demand to factors
such as income and demographic characteristics, as well as changing
features of the macro-economy. Additionally, we can delve deeper
into the decomposition to consider the complex interactions between
factors and the contribution of specific factors, such as education and
urbanization.

Typically, IDA estimates the impact of a single factor by taking the
difference between actual energy usage and a hypothetical value, calcu-
lated by holding constant that factor, and that factor alone. But, because
our specification includes numerous interactions between factors,
calculating values by holding only one factor constant will, in effect,
lead to double-counting, as the interactions are not held constant.
Conversely, allowing only one factor to vary will lead to under-counting.
To see this more clearly, note that the change in a fuel budget share
over time, AVj;, abstracting from the fact that some households have
zero expenditure on some fuels, can be expressed as the sum of several
components:

AVj; = direct effect of change income
+ direct effect of change in demographics
+ direct effect of change in parameters
-+ interaction effect of change in income and change in demographics
-+ interaction effect of change in income and change in parameters
+ interaction effect of change in demographics and change in parameters
+ triple interaction of income, demographics and parameters.

The total effect of any one factor involves the direct effect as
well as interaction effects. However, these interaction effects cannot
be attributed solely to one factor, as they are determined by the contem-
poraneous changes in multiple factors. Thus, if we naively include them
in the total effects for each factor, the sum of these “total” effects would
not be equal to the actual change in energy demand.

Instead, we utilize the “jointly created and equally distributed”
principle of the revised Laspeyres index (Sun, 1998), and attribute
one-half of each two-way interaction and one-third of the three-
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Fig. 3. Sources of change in electricity use.

way interaction to its component factors. Because we use our regres-
sion output to construct the decomposition, we select this approach
over the more commonly used log mean Divisia index (LMDI) method
(Ang and Liu, 2001). The LMDI method has several preferable fea-
tures, notable passing the factor- and time-reversal tests and is gener-
ally the preferred approach (Ang, 2004). However, our regression
framework utilizes an additive rather than multiplicative specification,
which translates more clearly to the revised Laspeyres method, both
theoretically and intuitively. An alternative would be perhaps to
utilize a log specification; however, this is infeasible when using
microdata, as a large number of households have zero utilization
of certain fuels. Finally, with regression analysis, some statistical
noise is inevitable, and this residual error can be distributed in a
straightforward manner under the revised Laspeyres method. In con-
trast, the LMDI method does not provide such guidance because the
method itself, which is based on aggregate data, provides a perfect
decomposition.
Predicted values take the following general form:

E(V") = &V /o)V" +o@(V'/0) €)

whereV* = BYIn(My) + B{In(M;)]* + X BEHE + X By Chr + G + @,
E( ) is the expectation operator, <& is the standard normal cumulative
probability function, ¢ is the standard normal density function, and o
is the standard deviation of ;. Predicted values are calculated at the
year-specific population-weighted sample average and can thus be
interpreted as the fuel expenditure, as a share of the total budget, for a
representative Indonesian household. The direct effect of each factor
is taken as the difference between fuel usage in the base year and the
predicted change in fuel usage allowing that factor to vary over time
as observed in the data, while holding the remaining factors constant.
The interaction effects are calculated as the difference between fuel
usage in the base year and the predicted change in fuel usage allowing
multiple factors to vary simultaneously, net of the direct effects (and,
in the case of the triple interaction, net of the two-way interactions
as well).? Additionally, the prediction error (the difference between ac-
tual and predicted energy use in the target year, allowing all parameters
to vary as observed in the data) is also equally distributed across factors.

> For detailed equations, please see the Technical Appendix. Source code (Stata format)
is also available from the authors upon request.

Thus, this methodology provides a complete decomposition, with no
residual.

To examine parameter change in greater detail, we compute the es-
timated change in fuel consumption for a change in each demographic
and community characteristic and for changes in income. This, in effect,
isolates the contribution of each factor to the demand for each fuel in
each year, and we can use these figures to identify which parameters
displayed the greatest change over time. Using the estimated regression
parameters, we calculate the percentage change in quantity demanded
(the average quantity consumed including households with zero
consumption) for a percentage change in the characteristic of interest.
In the case of discrete characteristics, i.e. province of residence, urban
residence, and sex and education level of the household head, we calcu-
late the percentage change in quantity for a shift from zero to one in the
variable of interest.

Eme = (Vi /0Xime ) (Xime/ Vit )-©(Xeby) if X is continuous, and
Ene = (0Viie/0Xime)-(1/Vije)-©(Xeby) if Xy is discrete.

Note that, given V = (Q-P)/M (subscripts suppressed) where Q is
quantity consumed and P is the price, we can express quantity as
Q = (V-M)/P. Then, (0Q/0X) = (dV/0X)-(M/P) and (0Q/dX)-(X/Q) =
(0V/0X)- (X/V), and the percentage change in the budget share is equiv-
alent to the percentage change in the total quantity demanded, holding
income and price constant. The one exception is where X = M; in this
case, (0Q/0M) = (0V/0M) - (M/P) + (V/P) and (0Q/0M) - (M/Q) =
(0V/OM) - (M/V) + 1.

4. Results

Figs. 3 through 7 present the components of the change in the bud-
get shares of each fuel over time. The expenditure share in subsequent
years consists of the base year (1980) level plus (or minus) changes
attributable to each of three indices: demographic change, income
change, and parameter change. Negative effects lie under the y-axis at
zero. Appendix Table A2 presents the source data for these figures, in-
cluding the components used to construct each index, and the Technical
Appendix provides further detail about the calculation and decomposi-
tion of predicted values. Table 6 displays elasticities, by year and fuel.
To reconcile the index decomposition analysis with the estimated
elasticities, note that elasticities are calculated holding all other factors
fixed in the current year, whereas indices are computed relative to the
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Fig. 4. Sources of change in LPG use.

base year. From these, we summarize the sources of change in fuel
demand.

Before describing findings for each fuel in detail, we note one
common finding across fuels. In terms of magnitude, the single largest
factor explaining changes in fuel usage in our model is the triple interac-
tion between parameters, demographics, and income. This is by
construction: that is, if the triple interaction of these three factors
did not have significant explanatory power, we would have chosen
a more parsimonious specification. And, indeed, likelihood ratio tests
of models excluding either or both sets of interactions reject those
more parsimonious specifications. Thus, while we find index decompo-
sition analysis useful for summarizing our results, we urge caution in
interpreting these aggregate indices, as much of the underlying varia-
tion is, in fact, driven by the interaction of all three factors and cannot
be easily attributed to the individual indices. It seems that IDA may be
more appropriate for applications involving aggregate data, while
micro-data should be exploited in greater detail to highlight more com-
plex and nuanced patterns. However, a limitation of our approach is
that, without more detailed information on market structure and char-
acteristics (e.g., price, access, and other supply factors), we are forced to
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lump these factors together with demand parameters, resulting in a
composite “parameters” index that is not particularly informative for
energy policy. Thus, we encourage the combination of aggregate and
micro data and continued efforts to integrate econometric and index
decomposition analyses to characterize energy usage and transition.

4.1. Electricity

Parameter change is the largest cause of the increase in electricity
usage among households, accounting for 59-86% of the change in the
budget share since 1980. Recall that parameter change does not only
represent shift in tastes in this model, but also structural features of
the economy. First and foremost, not all households had access to the
electrical grid, particularly in early years, so the movement in parame-
ters over time also reflects change in supply constraints. Ideally, access
to the grid should be used in the estimation as households without
such access have deterministically zero demand for electricity. Unfortu-
nately, such specific data on electricity infrastructure and utility pro-
viders is not available for Indonesia in the relevant time period. The
correct model is a switching regimes model in which electricity is
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Fig. 5. Sources of Change in kerosene Use.
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Fig. 6. Sources of change in charcoal use.

available in one regime and unavailable in the other. As more house-
holds had access to the grid, their demands switch from one regime to
another. In the absence of detailed data on electricity infrastructure
and providers, we instead use the proportion of the population within
the province using electricity as a rough proxy for fuel availability. In
Table 6, we can see that a 10% increase in fuel availability increases
the budget share of electricity between 3.85% and 5.05%. Although this
is a sizable effect, it is generally much smaller than the elasticity with re-
spect to income or household size, suggesting that availability was only
a moderate constraint on electricity consumption.

Growth in income is the second largest predictor of changes in the
electricity budget share between 1980 and 1993, accounting for 18 to
32% of the change. In contrast, demographic change has a modest effect
through 1993 but overtakes the income index to account for 9.3 and
10.4% of the change in the electricity budget share in 1999 and 2002.
Looking at the components of the indices, we see that effect of parame-
ter change, both direct and indirect through interactions with other
variables, is almost always positive. That is, changes in the structure of
the economy have consistently favored greater expenditures on elec-
tricity, as a share of the total budget. Conversely, the positive effects
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of both demographics and income on electricity consumption operate
almost entirely through the triple interaction and the interaction with
parameters. Demographic change, in and of itself, would have led to a
decrease in the budget share for electricity, in the absence of any struc-
tural change in the broader economy. Similarly, income change would
have led to only a very slight change in electricity consumption, nega-
tive through 1990 and positive thereafter, in the absence of structural
change. These are key insights generated by our methodology and indi-
cate that differentiation of the components of broad indices is an impor-
tant area of continuing research.

Turning next to the elasticities, we see an overall trend toward less
elastic demand for electricity, with almost all estimates decreasing in
magnitude over time. This is consistent with energy transition, in the
sense that electricity evolves from luxury/normal good to necessity as
access improves and use of traditional fuels declines. Indeed, the income
elasticity declines in magnitude and actually becomes negative after
1987. However, this should not be taken as an indication that electricity
is an inferior good. Rather, it is likely the combination of two factors.
First, given the large changes in the proportion of the population using
electricity, demand was likely increasing more rapidly on the extensive
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Fig. 7. Sources of change in firewood use.
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Table 6
Percentage change in quantity demanded for a change in household characteristics.

Electricity LPG

1980 1984 1987 1990 1993 1999 2002 1980 1984 1987 1990 1993 1999 2002
Male household head —0388 —0.240 —-0.136 —0.230 —0.130 —0.055 —0.026 —0526 —1.026 —0.007 —0.516 —1706 —0291 —0.215
Age of household head 1.153 0.702 0.513 0.338 0310 0.337 0.367 —0.500 5.181 2.711 2.528 2.486 1.024 1.612
Some primary school 0.624 0.321 0.237 0.291 0.176 0.121 0.173 0.148 2.735 —1.144 3.462 2.096 0.585 0.294
Completed primary 0.996 0.721 0.496 0.467 0318 0.225 0.254 0.420 3.220 1.967 4.363 3.490 0.990 0.847
Completed junior high 1.722 1.086 0.748 0.676 0.444 0.354 0.352 0.031 4.839 2.461 3.753 5.170 1.480 1.384
Completed senior high 2.164 1.381 0.942 0.897 0.580 0.429 0.454 0.078 6.508 3.814 4710 5389 2430 2307
Some college 2.355 1.370 0.948 0.939 0.601 0.444 0.514 0.877 5.433 5.878 6.492 7.334 3.290 3.296
Urban residence 2.456 1.508 0.976 0.998 0.743 0.381 0.325 —0.233 —1.506 0.853 2.192 2.307 0.874 0.556
Electricity availability 0.385 0414 0.551 0.584 0.531 0.485 0.508 0.515 1.037 0.150 0.540 —0426 —0.372 0.753
Kerosene subsidy 0.643 —0.120 —0976 —1376 —1457 —0.585 —0.287 2.784 —31.767 —19.684 1.452 —4319 0.250 2.947
Monthly Hh exp. per capita 2.459 1.156 —0.855 —1.441 —2783 —1303 —0.291 3.930 9.356 0.946 11.966 —3.469 3.741 5.857
# Household members 1.173 0.175 —1494 —1.187 —2.663 —0.509 —0.295 1.368 —21.537 —13.313 3.401 1.954 —0.041 2327

Kerosene Charcoal

1980 1984 1987 1990 1993 1999 2002 1980 1984 1987 1990 1993 1999 2002
Male household head 0.012 0.040 —0.012 —0.006 0.013 —0.012 0.022 —-0350 —-0.199 —-0.274 —-0.115 —-0.082 —0317 —0.057
Age of household head —0.011 0.042 0.032 —0.028 —0.039 —-0.010 —0.028 —0298 —0.326 0.010 —0.130 0.029 —0.136  —0.490
Some primary school 0.013 0.014 0.028 —0.044 —0.026 0.019 0.028 0.288 0.048 0.001 0.143 0.240 0.459 —0.134
Completed primary 0.041 0.021 0.016 —0.012 —0.013 0.060 0.051 0.479 0.300 0.028 0310 0.236 0.456 —0.246
Completed junior high 0.073 0.033 0.038 0.040 0.005 0.082 0.042 0.840 0.531 0.101 0.378 0.248 0.502 —1.202
Completed senior high 0.054 0.010 0.039 0.035 —0.004 0.032 —0.023 1.018 0.462 0.121 0.329 0.021 —0.152 —0.829
Some college 0.026 0.016 0.021 0.078 —0.006 0.008 —0.129 0.820 0.596 —0457 —0.116 —-0315 —-1.138 —2.109
Urban residence 0.301 0.372 0.328 0.305 0.341 0.304 0.210 1.033 0374 0.244 —0.175 —0305 —0434 —1.387
Electricity availability —0.026 0.033 —0.005 —0.107 —0.041 —-0.189 —0.050 0.387 0.261 0.103 —0370 —0.504 —3.089 2274
Kerosene subsidy 0.912 —0.733 —0.154 0.055 0.179 0.040 0.648 1.429 —0.691 0422 —1396 —2812 —5.318 4.276
Monthly Hh exp. per capita —0.315 —1.377 —0.521 —-0.633 —0.783 —1.012 0.539 1.306 —2466 —0.717 1.788 9.260 —10.084 6.779
# Household members —0345 —1207 —0973 —1.039 —0.840 —0.453 0.168 1.359 0.222 0.162 0.745 5.265 —6.655 5.867

Firewood
1980 1984 1987 1990 1993 1999 2002

Male household head 0.084 0.103 0.161 0.098 0.147 0.253 0.265
Age of household head 0.041 0.029 0.095 0.108 0.162 0.290 0.132
Some primary school —0.044 —0.069 —0.058 0.007 —0.048 —0.100 —0.243
Completed primary —0.147 —0.200 —0.206 —0.071 —0.167 —0.289 —0.471
Completed junior high —0.469 —0.392 —0.358 —0.282 —0.360 —0.565 —0.799
Completed senior high —0.648 —0.490 —0.476 —0.405 —0.469 —0.793 —1.055
Some college —1.023 —0.463 —0.489 —0.496 —0.502 —0.997 —1.186
Urban residence —0.924 —0.924 —0.832 —0.823 —0.946 —1.542 —1.506
Electricity availability 0.350 0.154 0.129 0.248 0.137 —0.721 —1.093
Kerosene subsidy —0.324 —0.516 —0.140 0.075 0.421 0.252 —1.184
Monthly Hh exp. per capita —2.036 —5.164 —4.345 —3.041 —2.210 —2.115 —3.656
# Household members —1.311 —2.416 —2.453 —1.937 —0.056 —0.351 —1.757

margin than on the intensive margin. That is, income growth led to a
larger increase in the proportion of the population using electricity
than in the amount of electricity used by the average consumer.
And in later years, improvements in efficiency likely began to play a
larger role as well, with wealthier households better able to purchase
energy-saving appliances. This is also consistent with changes in the
elasticity with respect to household size; the negative elasticity in
later years points to efficiency gains via returns to scale. However, the
magnitude of this effect declines in 1999 and 2002, perhaps indicative
of the proliferation of personal electronic devices.

Somewhat surprisingly, the estimated elasticities indicate that the
impact of urban residence on electricity usage are generally on par
with the impact of education, particularly at higher levels. This suggests
that continuing urbanization will not have a disproportionately large
effect on electricity demand, at least with respect to residential con-
sumption. Moreover, schooling seems to play a role above and beyond
income, perhaps by providing education about the adverse health and
environmental effects of traditional bio-fuels. Finally, we note that the
impact of electricity availability increases through 1990, then declines
somewhat before seeming to stabilize. The latter decline would seem
to reflect both a saturation of potential markets, with respect to infra-
structure for electricity, and the increasing importance of reliability
Versus access.

4.2. Liquefied petroleum gas (LPG)

In the case of LPG, the three elements of our index decomposition
analysis are much more evenly balanced. Income growth explains the
largest proportion of changes in the budget share, excepting 1984, but
demographic and parameter change both follow closely behind. Consis-
tent with this, when we examine the components of the indices, we see
that the triple interaction is the largest through 1993, while the interac-
tion of parameters and income is the largest in 1999 and 2002. Note also
that LPG is generally distributed in canisters, so local infrastructure is
less likely to be a constraint, although availability and price may still dif-
fer widely across regions. These findings indicate that changes in LPG
use cannot be readily explained by any one factor; it is the combination
of simultaneous changes in income, demographics, and parameters that
are driving increased LPG use. However, this pattern is likely to be quite
different in later years, as Indonesia implemented a kerosene-to-LPG
conversion program in 2007 (Budya and Arofat, 2011).

Looking next at elasticities, we see that they generally increase in
magnitude over our study period, opposite the pattern observed for
electricity. This suggests that any transition towards LPG and away
from traditional fuels was still in the early stages and, thus, demand
was still relatively elastic as households gradually adjusted to changing
LPG availability and cost. Education plays an even larger role for LPG



158 JJ. Chen, M.M. Pitt / Energy Economics 61 (2017) 147-161

than for electricity, perhaps indicating limited knowledge of the fuel as
an alternative. Urban residence again has a moderate effect, consistent
with ready distribution of LPG even in the absence of specific market in-
frastructure. The much larger elasticities for income and household size
suggest that income growth and demographic change may have a much
larger effect in the future. However, these will likely work in opposite
directions, as household size has been decreasing, and the positive elas-
ticity with respect to household size suggests that there are not signifi-
cant economies of scale in LPG use. Finally, as a word of caution, we note
that, given the very small share of LPG in total household expenditure,
the point estimates are less precise than for other fuels.

4.3. Kerosene

Change in parameters is, by far, the largest source of change in the
demand for kerosene and, without concurrent changes in the other
indices, the change in parameters alone would have predicted an even
greater increase in kerosene expenditure. Conversely, income growth
alone would have predicted a substantial decline in the kerosene budget
share. Demographics explain less than 10% of the change. Looking at
the components of the indices, we see that the composite indices are
actually quite similar, in both sign and magnitude, to the “direct” effects
of parameters, income, and demographics. Although the double- and
triple-interactions are quite large, they offset each other almost entirely.
Indeed, the interactions are generally the largest in magnitude of all the
index components, suggesting that broader systemic change - involving
parameters, income, and demographics - is the primary driver of changes
in kerosene use. In this case, the index decomposition alone may be
somewhat misleading, as it forces the assignment of each component,
in whole or in part, to a specific index, rather than acknowledging the
import of the factors acting in concert.

Demand for kerosene is generally quite inelastic. Only the elasticities
with respect to income and household size exceed one in any year.
Consistent with the negative income index, the income elasticity is
negative as well, with the exception of 2002. This suggests that kerosene
is an inferior good; not only do expenditures on kerosene increase more
slowly than income, households actively seek out opportunities to
substitute away from kerosene use as income increases. The elasticity
with respect to the kerosene subsidy is also consistent with inelastic
demand. With the exception of 1984 and 1987, and increase in the
kerosene subsidy — measured as the average kerosene price within the
province, divided by the US price - leads to a slight increase in kerosene
expenditure, suggesting that households do not readily substitute to-
wards other fuels even as the price of kerosene rises.

The elasticity for household size points to significant economies
of scale, with larger families utilizing less kerosene. Additionally, larger
households may have greater incentive to switch to modern fuels, given
that any fixed costs of adoption/switching can be shared by a larger
number of members. Both education and urban residence have a much
more muted effect on kerosene, in comparison to electricity and LPG,
consistent with kerosene as a familiar traditional fuel that is readily
available throughout the country. Finally, consistent with the large
effect of parameters discussed above, we see large changes in the
elasticities over time as well. As an example, the elasticity of kerosene
consumption with respect to monthly household expenditure per capita

Table 7
Change in quantity demanded due to various demographic factors®.

was —1.012 in 1999 (Table 7), which indicates that the 115% increase in
real per capita household expenditure between 1980 and 1999 would
have led to a 116% decline in the average quantity of kerosene con-
sumed, other factors held constant. In contrast, evaluating the same in-
come change with the 1980 income elasticity would predict only a
36% decline in kerosene consumption.

44. Charcoal

Changes in the demand for charcoal are strongly affected by all three
indices, to differing degrees over time. Parameters play the largest role,
followed by income, while the demographic index generally predicts
declining use of charcoal over time. However, looking at the compo-
nents of these indices again reveals that it is the interaction of all
three factors driving changes in consumption of charcoal, while
the two-way interactions are consistently negative. This is quite an in-
triguing pattern; the direct effects of parameters, demographics, and in-
come are almost all positive, but when combined with only one other
factor, the effect is negative and quite large. As an example, although
wealthier families and larger families use more charcoal, those families
that are both wealthy and large use much less. But, when we then allow
for changing market parameters as well, the model predicts an increase
in charcoal usage, consistent with that observed in the data.

Turning to the elasticities, only one clear pattern emerges over time.
The effect of urban residence decreases steadily in magnitude, suggest-
ing a widening rural-urban gap, perhaps related to divergences in
prices and access. Education appears to have a non-linear effect, with
charcoal usage increasing in education up to senior high school or
college. But the magnitude of these coefficients exhibits no obvious
trend over time. And it is not until 1987 that we begin to see education
actually having a negative effect on charcoal usage. This is somewhat
surprising, given the strong relationships observed between education
and both electricity and LPG. The income elasticity is generally positive
and increasing in magnitude over time, with the exception of years
closely following recessions (1984, 1987, 1999). These patterns may,
perhaps, suggest that charcoal usage, while not inelastic, is subject to
some minimum threshold (e.g., if household have a strong taste prefer-
ence for food cooked with charcoal). Household size also has a generally
increasing positive effect, consistent with the fact that more household
members can both increase demand and reduce the implicit cost of
using charcoal. Finally, we should note that, given the very low propor-
tion of the household budget allocated to charcoal, the goodness-of-fit
of our model for charcoal is low, relative to the more prevalent fuels,
so our estimates should be interpreted with greater caution as well.

4.5. Firewood

Parameter change is, far and away, the largest source of change in
the firewood expenditure share, though income growth has played a
large role as well. In this case, it is very clear that firewood is an inferior
good, with consumption declining as income rises, all else equal. This is
evident in the implied income elasticity as well, which is consistently
negative and very large in magnitude (—2.04 to —5.16); indeed, in
1984 and 1987, a 20% increase in income results in a larger decrease
in firewood consumption than a switch from rural to urban residence.

Fuel 10% Increase in household 10% Increase in age of High school vs. no school Move from rural to Demographics index
size household head urban area (1980-2002)

Electricity —29.52% 36.74% 45.36% 32.53% 10.42%

LPG 233% 161% 231% 55.56% 25.25%

Kerosene 16.79% —2.84% —2.33% 21.03% 8.10%

Charcoal 587% —49.01% —82.85% —138.75% 2591%

Firewood —176% 13.23% —105% —150.61% —0.42%

¢ Calculated at 2002 values, unless otherwise noted.
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The elasticities also reveal large negative effects of urban residence and
education, both of which are fairly stable over time. Interestingly, the
elasticity with respect to household size is consistently negative and rel-
atively large, despite the fact that the majority of firewood is gathered
by household members rather than purchased in markets. This suggests
that the economies of scale associated with transitioning to modern
fuels exceed any reduction in the implicit cost of firewood associated
with larger household size.

Returning to the indices, we observe a pattern similar to charcoal in
that the triple interaction term is large and positive, while the two-way
interactions are negative. However, in this case, we see that the direct
effects of income and demographics are negative as well. In fact, the de-
mographic index is positive only because of the triple interaction. This is
consistent with the large negative elasticities observed for education
and urban residence, given increasing education and urbanization
over the study period. Again, our results suggest caution in interpreting
these aggregate indices, as they mask important underlying patterns.
Demographic change and income growth alone would not, according
to our model, have led to any increase in firewood usage. Rather, the
observed increase can only be explained by the combination of these
factors with changes in the structural features of the economy.

4.6. Energy transition

To examine our findings with respect to energy transition, we plot
the change in actual budget share for each fuel with the change in
total energy expenditure over time (Figs. 3-7). For ease of comparison,
the two are plotted on different scales, so can informally assess whether
growth in fuel-specific expenditure has out-paced growth in total ener-
gy expenditure. For the modern fuels - electricity, LPG, kerosene - this is
certainly true from 1993 to 2002. There is a very dramatic increase in
the share of the total household budget devoted to each fuel, paired
with only modest growth in total household energy expenditure.
In the case of electricity and LPG, this pattern is evident, though less dra-
matic, beginning even in 1980, while the slight dip in the budget share
of kerosene in the 1980s is likely driven, at least in part, by increasingly
generous government subsidies. Conversely, for charcoal, the budget
share has been decreasing since 1993, though the rate of decrease be-
tween 1993 and 1999 appears to be comparable to that for total energy
expenditure. The budget share for firewood increases steadily through-
out our study period, roughly on par with total energy expenditure,
with one notable exception. Between 1980 and 1984, total energy ex-
penditure grows dramatically, while the share of firewood in the total
budget increases only slightly, and the same is true for charcoal.

These trends together are consistent with energy transition and
may reflect differences between the intensive and extensive margins,
with the many new users of modern fuels having relatively low per
capita consumption, even as aggregate consumption is increasing
dramatically. It may also be the case that the energy transition in
Indonesia had two stages - in the initial stage, households substantially
reduced their usage of biofuels and began to adopt modern fuels while,
in the second stage, usage of modern fuels increased much more dramat-
ically, as access improved and the number of devices using those fuels
increased as well. To examine this, we construct our predicted values
and indices using 1990 as the base year (Appendix Figs. A6-A10).
Although the results are less striking in terms of magnitude, they are re-
markably similar to our main results. Parameter change remains gener-
ally the largest driver of changes in energy use, though the three factors
are again more balanced in the case of LPG. For charcoal, however, using
1990 as the base year results in a much smaller effect of income, with pa-
rameter change instead driving virtually the entire change in charcoal
usage. The energy transition also becomes a bit clearer here, as we see
steady increases in electricity, LPG, and kerosene use, accompanied by
a steady decline in charcoal use. However, the decline in firewood
usage appears to have occurred almost entirely in the earlier portion of

our study period, as usage increased on pace or more rapidly than total
energy expenditure from 1990 onward.

To validate our interpretation of the energy transition, we repeat our
analysis using expenditure on each fuel as a share of the total energy
budget, rather than as a share of total household expenditure. This pro-
vides a much more direct assessment of energy transition and confirms
our main results. However, one caveat is that this approach implicitly
assumes two-stage budgeting, wherein the household first determines
the expenditure share for aggregate categories, one of which is energy,
and then determines shares for specific goods within each category. In
order for this assumption to be valid, it must be the case that utility
in the aggregate categories is weakly separable. This assumption may
be overly restrictive, given evidence of links between use of specific
fuels and health/productivity (e.g., Duflo et al., 2008; Pitt et al., 2010).
Thus, we maintain the original specification as our preferred results
and present these findings as a robustness check.

In Figs. A1-A5, we see (proportionally) large increases in the share of
electricity and LPG in total energy expenditure throughout the study
period, and steady but more modest reductions in the share of charcoal
and firewood from 1990 to 2002. The increases in charcoal and firewood
usage between 1984 and 1990s seem to be an exception to the general
downward trend and may have been driven by the economic down-
turns in 1982 and 1985. We do not observe a similar response after
the 1997 Asian Financial Crisis, but this is perhaps because the energy
transition had already progressed much further. The findings for kero-
sene do not fit as well with the standard energy transition, as the
share of kerosene in the energy budget declined throughout much of
our study period. However, this may be driven by the increased value
of kerosene subsidies throughout this period, rather than reductions
in the quantity of kerosene consumed or changes in the underlying de-
mand for kerosene relative to other fuels.

4.7. Demographic effects

Table 7 summarizes the importance of demographic variables in un-
derstanding household energy demand in Indonesia. Columns (1)-(4)
provide elasticities highlighting the importance of demographic vari-
ables in explaining inter-household variation in energy demand in
2002. Looking at the elasticities with respect to household size, we
find evidence of economies of scale for electricity and firewood, with
larger households using proportionally less, and the opposite is found
for LPG, kerosene and charcoal. The effects for firewood, charcoal and
LPG are very large, indicative of larger households switching away
from firewood entirely and adopting both charcoal and LPG, perhaps se-
quentially or alternately, depending on local availability. In contrast, the
effects for electricity and kerosene are much more modest, suggesting
adjustment primarily on the intensive rather than extensive margin.
Additionally, improvements in energy efficiency for devices utilizing
electricity and kerosene may be offsetting, allowing similar consump-
tion of amenities with lower quantities of fuel. Aging of the population
seems generally to encourage energy transition as well, with older
household heads consuming substantially more electricity and LPG
and markedly less charcoal. Firewood usage, however, may be subject
to some habit formation, with older household heads actually having
moderately higher consumption. If that is the case, then we would ex-
pect to see larger changes over time, as later generations acquire greater
influence over household energy purchases.

Education increases demand for modern fuels (electricity and
LPG) tremendously, with the opposite effect on biofuels (charcoal
and firewood), and a negligible effect on kerosene. Because the elastic-
ities are calculated holding all other factors constant, they should be
interpreted as the effect of education independent of correlated factors
such as income, fertility, and urban residence. This suggests that, during
our study period, the transition to modern fuels was strongly driven
by knowledge about and/or preferences for health and/or ecological
impacts, which would tend to be more prevalent among the highly
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educated. As in other studies, we find that urbanization has a large
impact on demand (column 3), particularly for biofuels that are in
more abundant supply in rural areas (charcoal and firewood). This ef-
fect is less pronounced for the other fuels, but this is a case where the
elasticity has changed substantially over time. In the earlier portion of
our study period, when urban residence was much more closely linked
with access to modern fuels, urban residence also had a much larger im-
pact on the demand for electricity, LPG, and kerosene (see Table 6).
Nonetheless, a clear pattern emerges: households in urban areas have
substantially higher demand for modern fuels, particularly electricity
and LPG, and much lower demand for traditional bio-fuels, and con-
tinued urbanization should significantly accelerate the pace of the ener-
gy transition in Indonesia.

Finally, column (5) displays the composite demographic index, as
a percentage of the total change in demand over our study period
(1980-2002). Recall that our construction of the index involves equally
distributing interaction effects, as well as a residual term, across factors.
Using this approach, we estimate that demographic change accounts
for 0 to 26% of the change in fuel demand. While the magnitude of the
demographics index may appear modest in comparison to the other
columns, note that the elasticities discussed above characterize differ-
ences in energy demand across households within a year. Thus, the elas-
ticities should be interpreted relative to the demand of a representative
household. In contrast, the demographics index summarizes the overall
contribution of demographic factors on energy demand over time, and
should be interpreted relative to the total change in energy demand be-
tween 1980 and 2002. To illustrate this, consider the case of electricity.
In 2002, the average quantity purchased was 75.52 kwh; moving from
a rural to an urban area would have increased the consumption for a
representative household by 32.53%, or roughly 24.57 kwh. Between
1980 and 2002, the average quantity of electricity purchased increased
by 73.72 kwh; the demographics index explains 10.42% of this change,
or 7.68 kwh. However, this is roughly a 427% increase in electricity con-
sumption relative to 1980. Thus, for fuels that have exhibited large
changes in consumption over the study period (all except kerosene),
the demographics index somewhat understates the importance of de-
mographic factors.

Nonetheless, despite the significance of demographic factors in
explaining cross-sectional variance in energy demand, as well as
their import for changes over time, the longitudinal variation in energy
demand is best explained not by any single index in our decomposi-
tion, but by the triple interaction of demographic factors, income
growth, and parameter change. Thus, despite the co-incidence of
the demographic and energy transitions in Indonesia, our findings
suggest that policies aimed at accelerating demographic transition
(e.g., reduced birth rates) or altering other demographic characteristics
(e.g., urbanization) will do little to initiate energy transition - except
insofar as those policies prompt broader changes in economic activities
and market structure. However, once the energy transition has begun,
our elasticity measures suggest that these policies may be effective in
accelerating energy transition among marginal households, who al-
ready have access to modern fuels and the means to purchase them,
as well as underlying demand for cleaner energy sources.

5. Conclusion

The findings of this study reveal the importance of using time-series
data to assess the progress of the energy transition. We utilize seven
repeated cross-section surveys from Indonesia, spanning over two
decades (1980-2002) of strong economic growth and substantial
demographic change. The data provide clear evidence of an energy tran-
sition, with households shifting their energy expenditures away from
traditional fuels (charcoal, firewood) and towards modern fuels (elec-
tricity and LPG). This appears not only in the share of the budget devot-
ed to each fuel, but also in the quantity consumed. Kerosene appears to
occupy an intermediate position; demand declined only slightly over

our survey period, consistent with an energy ladder whereby house-
holds utilize kerosene as a stepping stone between traditional and mod-
ern fuels. However, the latter pattern may be unique to Indonesia, as a
result of its continual and heavy subsidization of kerosene throughout
our study period.

Our econometric estimates indicate a relatively modest role for
demographic factors in initiating or accelerating the energy transition.
Demographic change over our survey period reduced demand for tradi-
tional fuels and increased demand for modern fuels. All in all, demo-
graphic change explains 0-26% of the observed change in energy
demand in Indonesia between 1980 and 2002. However, the single
largest driver of changes in energy consumption, in terms of both levels
and fuel choice, is not any one of our composite indices but the triple
interaction of demographics, income growth, and parameter change.
This is, in part, by construction. We employ a complex empirical speci-
fication that allows specifically for interactions among these factors,
and thus the significance of the triple interaction supports this choice
over an alternate, more parsimonious specification. We also conduct
likelihood ratio tests comparing our model to specifications excluding
these interactions, and reject these alternate specifications at the 1%
level in all cases, for all five fuels.

This finding suggests that, although index decomposition analysis
can be an extremely useful for isolating the impact of various factors,
it can mask significant heterogeneity when utilized to analyze the de-
terminants of household-level energy demand. Variation across house-
holds, both in cross-sections and longitudinally, is, in effect, too nuanced
to be adequately represented by IDA, or at least IDA approaches utilizing
only a small number of indices. Rather, our results suggest that energy
transition is precipitated and facilitated primarily by underlying struc-
tural change in the economy as a whole, and it must be change that
is broad enough to effect demographic factors, income, and demand/
supply parameters. This does not rule out the possibility that demo-
graphic transition can begin this process but, rather, suggests that
demographic transition alone cannot complete this process. And,
while economic growth and demographic change do influence energy
consumption as expected, changes in the relationship between income,
demographics and demand/supply over time explain a much greater
portion of the energy transition than do the static relationships between
income/demographics and demand. In effect, our findings indicate that,
while broad-based economic development provides the impetus for
the energy transition, the relationships between factors become magni-
fied over time, creating a self-reinforcing cycle. Finally, we note that
Indonesia has a long history of subsidizing energy goods, particularly
modern fuels (IISD, 2011), and these price controls likely accelerated
the energy transition. As a result, our estimates may not be very useful
for forecasting, particularly given recent changes in Indonesia's energy
policy, and cannot necessarily be generalized to other contexts. Future
research should seek to incorporate richer data on prices and access to
fuels to disentangle these factors from underlying demand preferences.
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