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ABSTRACT

ARTICLE INFO

Introduction/Main Objectives: The objective of this study is to assess
how the utilization of solid cooking fuels influences out-of-pocket
medical expenses incurred by households in Indonesia. Background
Problems: Solid cooking fuel use remains prevalent in Indonesia,
negatively impacting the health of household members, and consequently
affecting associated medical expenses as well. Novelty: To the best of the
authors’ understanding, this study is the first to explore how the use of
solid cooking fuels affects the out-of-pocket medical expenses of
households in Indonesia. Research Methods: This study employs
instrumental variables to address existing endogeneity issues. Finding/
Results: On average, households using solid cooking fuels show a 0.0041
increased proportion of out-of-pocket medical expenses to total
household expenditure compared to households using non-solid cooking
fuels. Conclusion: The Indonesian government can reduce household
medical expenses by improving the use of cleaner cooking fuels.
Implementable policies include providing assistance with clean energy
cooking equipment and ensuring the availability of clean energy in areas
in need.
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INTRODUCTION

The overall growth of the world economy has
been accompanied by a gradual improvement in
individual health from year to year. However, in
developing countries like Indonesia, there are
still many individuals with low health status.
Individual health problems impact social and
economic well-being (Hultin et al., 2021; Kang
et al., 2021), as well as increasing the financial
burden of healthcare services. The more severe
the health issues, the greater the expenditure on
health services. Health expenditures can be
measured at both the macro and micro levels. At
the macro level, various factors influence health
spending, including an aging population, morta-
lity rates, life expectancy, the cost of health
services, unemployment rates, calorie consump-
tion, and gross domestic product, among others
(Nghiem et al., 2017; Raeissi et al., 2019;
Samadi et al., 2013). At the micro level, house-
hold health expenditure is influenced by several
factors, including the type of disease, climatic
conditions, sanitation, housing conditions, and
more (Olasehinde et al., 2017; Su et al., 2006).

A livable environment that meets appropriate
and health-promoting standards benefits resi-
dents' health (Gascon et al., 2016). The health of
every household member, including infants,
depends on their living environment (Wahyuni,
2015). The emergence of environmental pro-
blems that have an impact on health has become
a global concern. The decline in environmental
quality is caused by a number of factors,
including globalization, growth in direct
investment from foreign parties, and energy use
(Li et al., 2023). Energy use at both the
household and non-household level greatly
affects the environmentin turn affecting
individual health. The cleaner the energy used,
the more the environmental impact of pollution
is reduced.

The choice of energy or fuel type plays a
crucial role in improving environmental quality,
particularly in developing countries like
Indonesia. This includes the choice of cooking
fuels by households. In rural areas, dirty cooking
fuels dominate household energy consumption,
negatively impacting environmental quality and
the health of household members. In 2010,
almost 3 billion people around the world, equi-
valent to 40 percent of the world's population,
cooked using traditional biomass as their main
fuel (IEA, 2010). This is of particular concern
given the negative health impacts of using
unclean fuels. WHO projections indicate that by
2030, more than 1.5 million deaths per year will
be due to air pollution from cooking fuels,
surpassing the number of deaths caused by
malaria and tuberculosis combined (IEA, 2011).

Most people in developing countries still rely
on unclean fuels for lighting and cooking
(Pallegedara, 2020). More than half the world's
population cooks using firewood, particularly in
India, China, and Indonesia. Using solid fuels is
inexpensive but causes harm by damaging
forests, reducing air quality, and negatively
affecting people's health (Jeuland, 2015).
Moreover, the indoor air pollution resulting from
the use of solid fuels has a more significantly
harmful impact on individual health compared to
outdoor air pollution (Nahar et al., 2016).

The impact of indoor air pollution from solid
fuels aligns with previous research findings
indicating that nearly 90 percent of daily
activities take place indoors, with 70 percent of
that time spent within residential houses
(Klepeis et al., 2001). Reducing the use of solid
cooking fuels can therefore reduce the risk of
household members contracting various diseases
(Oluwole, 2012). Solid fuels release numerous
pollutants, including carbon monoxide (CO),
carbon dioxide (CO2), sulfur dioxide (SO2),
nitrogen dioxide (NO2), wvolatile organic
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compounds (VOCs), and hydrocarbons (HC)
(Koppmann et al., 2005). Indoor air quality is
crucial for individuals’ health, especially within
their own houses. One of the primary sources of
indoor air pollutants is cooking activities that
predominantly rely on solid fuel (IEA, 2019).

The use of clean fuels provides many
advantages over the use of solid fuels, such as
saving time, better health, and less expenditure
on health services, which leaves more money for
food and education, for example. The use of
solid cooking fuels has economic impacts on
households, as members exposed to air pollution
may face health issues and incur expenses for
consultations or treatments. The medical
expenses of households using solid fuels are
almost 25 percent higher than households using
LPG for cooking (Imran et al., 2020). Higher
expenditure on health services will certainly
interfere with other spending in the household,
so households must make choices regarding
what needs to be reduced or added (Pal, 2013).

As indicated above, the negative impacts of
solid cooking fuels on human health contribute
to medical expenses making up a higher
proportion of total household expenditure (Lin et
al., 2022). It follows that reducing the use of
household solid cooking fuels through govern-
ment programs helps reduce household medical
expenses (Azorliade et al., 2022). Indeed, Imelda
(2020) reports that policies that combine
subsidies on the use of clean fuels with
restrictions on the use of solid fuels can provide
health benefits. In Indonesia, numerous studies
have focused solely on analyzing the impact of
choice of cooking fuel on health, including
A'yun and Umaroh’s (2022) research on the
indoor air pollution created by cooking with
solid fuels. In another example, Silwal et al.
(2015) found that the use of firewood for
cooking impacts respiratory health, especially in
women and children. To the best of the authors'

Siagian and Hartono

knowledge, no studies have been conducted in
Indonesia to investigate the specific impact of
using solid cooking fuels on household medical
expenses. The aim of this study is to empirically
investigate the effect of using solid cooking fuels
on household medical expenses in Indonesia.

LITERATURE REVIEW

Household cooking fuels are divided into two
types based on how efficiently they burn and the
pollutants they generate. The first type is solid
fuel, which includes firewood, briquettes, and
coal. The second type is non-solid fuels like
electricity, gas, and kerosene (IEA, 2010;
Malakar et al., 2018). While all cooking fuels
negatively affect air quality, solid fuels have a
significantly more adverse impact on individual
health compared to cleaner alternatives
(Edwards & Langpap, 2012). The combustion of
solid fuels is usually imperfect and produces
various pollutants, such as particulate matter
(PM), carbon monoxide (CO), carbon dioxide
(C0O2), sulfur dioxide (SO2), nitrogen dioxide
(NO2), easily evaporated (volatile) organic
compounds (VOCs), and hydrocarbons (HC). As
a result, solid fuel is categorized as non-clean
energy (Edwards & Langpap, 2012; Koppmann
et al., 2005). However, solid cooking fuel is
cheaper and easier to obtain than cleaner
alternatives, especially in rural areas where
household incomes are relatively low. This
relationship is captured in the household energy
concept, whereby household income determines
the type of cooking fuel used. Thus the higher
the household income, the cleaner the cooking
fuel used (IEA, 2019; Van Der Kroon et al.,
2013).

Household medical expenses are a proxy for
household health status. Intuitively, the health
status of household members will affect
expenditure on household medical services.
Household members who are experiencing
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illness or health problems require treatment or
care to meet their health needs. However,
regaining health requires the household to bear
the financial burden of medical services.

In line with human capital theory and
Grossman's health theory, health is described as
a form of consumption. This is because good
health brings satisfaction through improved
physical well-being. Additionally, just like any
other capital good, health is viewed as an
investment since increasing the number of
healthy days contributes to better overall
physical health, potentially leading to increased
income and productivity in the future.
(Grossman, 1972). Good health as a prerequisite
for work and earning. Increasing the number of
healthy days as a form of good individual health
requires expenditure on health services that in
turn  directly influences total household
expenditure.

This research uses the concept of out-of-
pocket medical expenses. Out-of-pocket medical
expenses is household expenditure for medical
purposes and paid in cash with money owned by
the household. Household out-of-pocket medical
expenses are influenced by various factors such
as socioeconomic status, clinical disease, and
type of payment (Alemayehu et al., 2023).
Sanjaya (2007) found that households in
Indonesia predominantly use their income to
cover health expenditures rather than using
insurance or health cards.

Several previous studies have explored how
the type of cooking fuel used can affect health in
Indonesia. Using 2014 IFLS data, A'yun and
Umaroh (2022) investigated how air pollution
from using unclean fuel indoors can impact the
health of household members. Additionally,
Imelda (2020) observed that the subsidy
conversion program, which encourages the shift
from kerosene to LPG gas and limits the use of
unclean fuel for cooking, has a positive effect on

household health. This program has notably
reduced infant mortality during the perinatal
period, and lowered the prevalence of low birth
weight.

METHOD, DATA, AND ANALYSIS
1. Data

This study wuses data from the National
Socioeconomic Survey (Susenas) sourced from
Statistics Indonesia. This survey is conducted
twice a year, in March and September. The
survey provides social and economic infor-
mation down to the household and individual
levels covering 514 districts/cities in 34
provinces in Indonesia. Susenas data are
analyzed for the period March 2018 to March
2019, to avoid the impact of the COVID-19
pandemic on household health service spending.
The unit of analysis is household medical
expenses, with a total sample of 323,724
households. Other data used in this study include
environmental characteristics in the form of the
number of health facilities, as obtained from
2018 Village Potential (Podes).

2. Method of Analysis

An empirical test is conducted to estimate the
impact of the use of solid cooking fuels on
household medical expenses in Indonesia. The
baseline model uses Ordinary Least Squares
(OLS) regression with the following equation:

health_exp;; = By + Bysolidfuel;; +
B2 X + 7\j +8 te&: (1)

The subscripts i, j, and t in model (1) denote the
household, province, and year, respectively.
health_exp;; is the proportion of out-of-pocket
household medical expenses to total household
expenditure. is the wusing solid
cooking fuels status of households. X is the
control variable. B, is an intercept. 3; and (3, are

solidfuel;;
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the parameters to be estimated. A; is the province

dummy, §; is the year dummy, and & is the
error term.

There is a possibility of potential endo-
geneity in the solid cooking fuels use variable in
equation (1), which would result in biased
estimates (Silwal et al., 2015; Li et al., 2023).
There is a potential reciprocal relationship
between the use of fuel types for cooking and
health service spending as a proxy for the health
of household members, and also self-selection of
fuel use variables (Li et al., 2023). In other
words, use of solid fuels can increase spending
on household health services and conversely
spending on health services will affect the
decision on choice of cooking fuel. The
decisions of households using solid fuels are also
not determined randomly,but rather are exoge-
nous,meaning influenced by other factors.
Endogeneity thus leads to biased and inconsis-
tent parameter estimation results (Wooldridge,
2016). To overcome this endogeneity problem,
this study wuses instrumental variables in
estimating the effect of using solid fuels on
household spending on health services. The
model used consists of two equations using the
two-stage least squares method, as follows:

First stage:
solidfuelit = vo + v1Z + v2Xje + Aj + 8¢ +
Hit (2)
Second stage:

health_exp;; = B¢ + Bysoldfuel;; +
B2Xit + Ay + 6¢ + &j¢ (3)

X is a set of control variables consisting of
information on the head of the household (age,
gender, education, working status), health
insurance status, status in terms of receiving
social assistance, number of elderly household
members, number of household members aged
under five, and number of health facilities. Z is
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the instrumental variable in the form of the
proportion of households using clean cooking
fuels to the total number of households in a
district (population census data for 2010). The
instrumental variable has no direct effect on
household expenditure for health services,
except indirectly through the use of cooking fuel
types.

There are three assumptions applied to the
instrumental variable model. First, it is an
Exogenous instrument, where the instrumental
variables used must be truly exogenous or
random. Second, is the Exclusion restriction,
where the instrument variables used do not affect
the dependent variable directly, only affecting it
indirectly through endogenous or first-stage
variables. Third is Relevance, where the selected
instrument variable must significantly affect the
endogenous variable. While the gas base/agent
variable may not be optimal as an instrument
variable to overcome any endogeneity effect that
occurs, due to the limited data available, the
authors believe this instrumental variable is the
best option.

The heterogeneity analysis in this study is
carried out using sub-samples of Java Island and
areas outside Java Island, then sub-samples of
urban and rural areas. This enables a comparison
of the size of the impact of solid fuel use on out-
of-pocket health service spending between
households in Java Island and those outside Java
Island, and between urban households and
households in rural areas. Robustness checks are
also carried out in this study to test the
consistency of the effect of using solid fuels on
increasing spending on household health
services. This testing is done by replacing the
selected instrumental variables with different
instrumental variables. This approach follows
Freempong (2021), whose study uses the number
of gas outlets in a district as an instrumental
variable. The more gas outlets in a district, the
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greater the chance for households in that district
to switch from solid fuels to cleaner cooking
fuels. Due to the limited data available, this
study uses the proportion of villages with gas
bases/agents/sellers relative to the total number
of villages in a district using the 2014 Village
Potential data.

RESULTS

Based on our analysis of the 2018-2019 Susenas
data, among the sample of households, 22.60
percent were using solid fuels for cooking, with
the balance(77.40 percent) using alternatives to
solid fuels.

Table 1 shows the household sample
characteristics. As can be seen, the average
proportion of medical expenses relative to total
household expenditure is 0.0026, or around 0.26
percent, and the use of non-solid fuels domi-
nates. It is clear that most heads of household are

male. On average, the heads of household have
an education level below senior high school, and
their typical employment status is employed.
The average sample household tends to have
health insurance, either the BPJS Contribution
Assistance Program or other insurance. On
average, the majority of sample households are
not recipients of social assistance.

The thematic map in Figure 1 shows the
distribution of households using solid cooking
fuels across provinces in Indonesia. Dark blue
represents provinces with the highest proportion
of such households, while bright blue indicates
those with the lowest proportion. The map
shows that the eastern region of Indonesia has a
higher proportion of households using solid
cooking fuels compared to the western region.
This may be due to the greater issues with
distribution channels in the eastern region of
Indonesia compared to the western region.

Table 1. Summary of All Variables

Variable Observation Mean Standard Deviation
1) ) ®) (4)
Out-of-Pocket Medical Expenses 323,724 0.0026 0.0103
Solid Fuel 323,724 0.2260 0.4182
(1= Solid fuel)
HH Gender 323,724 0.8498 0.3572
(1= male)
HH Age 323,724 49.044 13.482
HH Education 323,724 0.3509 0.4772
(1= High school and above)
HH Working Status 323,724 0.8445 0.3623
(1= Working)
Health Insurance 323,724 0.7217 0.4482
(1= Have health insurance)
Social Assistance 323,724 0.2284 0.4198
(1=Get Social assistance)
Elderly household members 323,724 0.2378 0.5140
Under five household members 323,724 0.3945 0.6022
Health facilities 323,724 472.98 382.65

Source: Susenas 2018-2019, processed
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Figurel. Thematic Map of the Proportion of Households Using Solid Cooking Fuels by Province in
Indonesia
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Source: Susenas 2019, processed

Table 2, column (2) shows that the esti-
mation results using OLS with no control, no
provincial dummy, and no year dummy produce
biased estimates. Likewise, the OLS estimation
in column (3) with no control and column (4)
with full control still produces biased parameter
estimates because the endogeneity effect on the
model has not been resolved. However, applying
the instrumental variables 2-SLS method as in

column (5) produces unbiased and consistent
parameter estimates. Model 1V shows a change
in magnitude in the solid fuel usage variable,
previously 0.0005 to 0.0041. It can thus be
interpreted that the OLS model has a downward
bias or negative bias that can be overcome with
the instrumental variables 2-SLS model.

Table 2. Baseline Model Estimation Results

Dependent: Out-of-pocket medical expenses

Variable
OLS OLS OLS v
1) () (4) (5)
Solid Fuel 0.0002 0.0006™" 0.0005™" 0.0041™"
(1= Solid Fuel) (0.0001) (0.0001) (0.0001) (0.0005)
Constant 0.0026™" 0.0050™" 0.0061"" 0.0061™"
(0.0001) (0.0002) (0.0003) (0.0003)
Control Variable No Yes Yes
Province Dummy No Yes Yes
Year Dummy No Yes Yes
K-P Wald F Stat - - 340.08
R-squared 0.0001 0.0666 0.0727 -
Observation 323,724 323,724 323,724 323,724

Note: clustered standard error in parentheses.

**x ** * ndicate statistical significance at 1%, 5%, and 10%.

Source: Susenas 2018-2019, processed
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Before using the instrumental variable
model, it is necessary to determine that the
independent variables suspected to be endoge-
nous are truly endogenous by conducting an
endogeneity test. Based on the results of the
endogeneity test, a p-value <0.05 is obtained,
confirming that the variable—use of solid fuel—
is an endogenous variable in this study. The
variable—proportion of households using clean
fuel to total households in one district/city—is
an instrumental variable. The tendency of an
area to use clean fuels will have an impact on
household decisions about using clean cooking
fuels as well.

The results of the Kleibergen-Paap rank
Wald F statistic at the first stage show a value
that is greater than the Stock-Yogo weak ID test
critical values. This confirms that the instru-
mental variable used is strong and valid for solid
fuel variables.

The monotonicity graph (Figure 2) shows a
strong relationship between the instrumental
variable, the proportion of households using
clean cooking fuel, and the variable—use of
solid fuels, where the higher the proportion of
households using clean cooking fuel, the lower
the chance of households choosing solid fuels as
the main cooking fuel.

Table 3, column (3) shows the IV 2-SLS
model without a control variable, and in column
(4) using a control variable. On average,
households using solid cooking fuels show a
0.0041 increased proportion of out-of-pocket
medical expenses to total household expenditure
compared to households using non-solid cooking
fuels.

A heterogeneity analysis is conducted to
examine the impact of using solid cooking fuel
on regions within Java Island and outside Java
Island, as well as urban and rural areas. The
results in Table 4 show the impact of using solid
cooking fuels on out-of-pocket medical expenses
is higher on Java Island than in regions outside
Java Island.

To test the consistency of the model, a
robustness check is carried out by changing the
instrumental variable to the proportion of
villages that have gas bases, agents, or sellers in
the district (Freempong et al., 2021). Table 5
shows that Model IV remains strong and valid.
The impact estimation results for the use of solid
fuel follow the same direction, albeit with a
smaller magnitude. We can conclude that the use
of wvariable solid fuel consistently raises
household medical expenses, confirming the
consistency and validity of this research model.

Figure 2. Monotonicity

T T
0 2

4 6
Ipoly smoothing grid

T T
8 1

| 95% Cl

Ipoly smooth: use of solid cooking fuel

Source: Susenas 2018-2019, processed
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Table 3. Estimation Results Using Instrumental Variables

. First Stage Second Stage
Variable - :
Solid Fuel Out-of-pocket medical expenses
1) 2 ®) (4) ©)
Solid Fuel 0.0038™" 0.0041™"
(1= Solid Fuel) (0.0005) (0.0005)
Clean Cooking Energy -0.5321™ -0.4625™"
Network (0.0280) (0.0251)
HH Gender -0.0290 -0.0002™"
(1= male) (0.0028) (0.0001)
HH Age 0.0023™ 0.0000™"
(0.0001) (0.0000)
HH Education -0.0672™" 0.0002™
(1= High school and above) (0.0045) (0.0001)
HH Working Status 0.0399™ -0.0012"™"
(1= Working) (0.0033) (0.0001)
Health insurance -0.0223™ -0.0009™"
(1= having health insurance) (0.0040) (0.0001)
Social Assistance 0.1221™ -0.0008™"
(1=having Social assistance) (0.0057) (0.0001)
Elderly household members 0.0405™" 0.0003™
(0.0023) (0.0001)
Under five household members -0.0068™" 0.0003™
(0.0018) (0.0000)
Health facilities -0.00002 0.0000™"
(0.00001) (0.0000)
Constant 0.2087"" 0.0870™" 0.0047" 0.0061™"
(0.0132) (0.0178) (0.0002) (0.0003)
Province Dummy Yes Yes Yes Yes
Year Dummy Yes Yes Yes Yes
K-P Wald F Stat 360.77 340.08 - -
Observation 323,724 323,724 323,724 323,724

Note: clustered standard error in parentheses.
**x ** * indicate statistical significance at 1%, 5%, and 10%.
Source: Susenas 2018-2019, processed

Table 4. Estimation Results of the Effect of the Use of Solid Fuel on Medical Expenses by Java
Island, Outside Java Island, Urban and Rural
Dependent: Out-of-pocket medical expenses

Variable

Java Outside Java Urban Rural
@) &) ®) (4) ®)
Solid Fuel 0.0048™" 0.0034™" 0.0061™" 0.0019™
1= Solid Fuel (0.0008) (0.0007) (0.0012) (0.0007)
Constant 0.0053" 0.0059™" 0.0058™" 0.0064™"
(0.0005) (0.0003) (0.0003) (0.0003)
Control Variable Yes Yes Yes Yes
Province Dummy Yes Yes Yes Yes
Year Dummy Yes Yes Yes Yes
K-P Wald F Stat 278.05 113.87 150.33 223.05
Observation 110,338 213,386 128,391 195,333

Note: clustered standard error in parentheses.
**x ** * indicate statistical significance at 1%, 5%, and 10%.
Source: Susenas 2018-2019, processed
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Table 5. Estimation Results by Using Different Instrumental Variables

Dependent: Out-of-pocket medical expenses

Variable IV = Clean Cooking Energy IV = proportion of villages having
Network bases/agents/gas sellers in the district
@) 2 ©)

Solid Fuel 0.0041™ 0.0021™

1= Solid Fuel (0.0005) (0.0006)

Constant 0.0061™" 0.0061™"
(0.0003) (0.0003)

Control Variable Yes Yes

Province Dummy Yes Yes

Year Dummy Yes Yes

K-P Wald F Stat 340.08 127.50

Observation 323,724 323,724

Note: clustered standard error in parentheses.

**x ** * indicate statistical significance at 1%, 5%, and 10%.

Source: Susenas 2018-2019, processed

DISCUSSION AND CONCLUSION

1. Discussion

This study has analyzed March 2018-March
2019 Susenas data and 2018 Village Potential
data to investigate the effect of using solid
cooking fuels on out-of-pocket household
medical expenses using the econometric
instrumental variables model with the two-stage
least squares (2-SLS) method. This study
focuses on household expenditure on health
services in Indonesia based on a total sample of
323,724 households. Sumatera Island and Java
Island show the highest average proportion of
medical expenses compared to total household
expenditure. As shown in the thematic map
(Figure 1), the eastern region of Indonesia has a
higher proportion of households using solid
cooking fuels compared to the western region,
possibly due to variation in reliability of their
distribution channels.

The empirical findings indicate that on
average, in households using solid cooking fuels
the proportion of out-of-pocket medical
expenses to total household expenditure is
0.0041 greater compared to households using
non-solid cooking fuels. This suggests that the

use of solid cooking fuels negatively impacts
household members' health, leading to increased
medical expenses to restore health. The result is
in line with several previous studies showing
that the use of solid cooking fuels can increase
household medical expenses in developing
countries (Azorliade et al., 2022; Lin et al.,
2022; Rahut et al., 2017).

Additionally, the results also reveal that the
use of solid cooking fuels has a higher impact on
out-of-pocket medical expenses in the Java
Island region compared to regions outside Java
Island. This is possibly due to higher health costs
on Java Island, where health services are more
comprehensive than those in regions outside
Java Island (Igbal et al., 2017). Similar results
are also observed in urban areas, where the
magnitude of out-of-pocket medical expenses is
higher than in rural areas. Again, compared to
rural areas, urban areas offer more
comprehensive health facilities and services.

2. Conclusion

The research results suggest several relevant
policy implications. First, the equipment
assistance program for clean cooking energy,
such as gas stoves and LPG gas cylinders,
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should target areas with a low proportion of
clean cooking energy users, specifically the
eastern region of Indonesia. In addition, the
government needs to make sure that LPG gas
bases, agents, and sellers are made available on a
permanent basis rather than only temporarily in
order to support sustained use of clean cooking
energy. Furthermore, village officials should
provide extensive education and promotion on
the use of clean energy, including electricity and
LPG gas, particularly in rural areas. This will
help household members become more self-
assured in the use of clean energy sources and
equipment, and appreciate the health benefits of
using clean energi compared to the risks
associated with using solid cooking fuels.
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