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Abstract
Air pollution in households is a prime contributor to health issues in developing countries, as in the case of
India. According to the latest National Family Health Survey Report 2022, more than half of India’s rural
population and 41 per cent overall still depend on solid or unclean fuel combustions, which may reflect in
future health hazards. Thus, it is crucial to understand the issue empirically. To that end, the study traces
the transitional pattern of unclean cooking fuel users towards clean fuel over the last 30 years using
responses from all five National Family Health Survey rounds. Further, the study uses an adjusted probit
model to analyse the determinants that lead to the choice of cooking fuel in a household and a logistic
model to examine the association between the choice made and the respiratory health of children under
five. The empirical results show that the number of households using unclean fuel has declined over the
years, with a slightly higher decline in the last five years. Moreover, it also shows that poverty status and
place of residence significantly influence cooking fuel choice. Additionally, children residing in households
that use clean fuels are less likely to suffer respiratory infections. In conclusion, the present study provides
strong evidence to ameliorate the existing policies in a way that exhorts clean energy use. The authors
propose pro-poor, pro-rural policies to expedite the clean energy transition, benefitting the most
vulnerable households.
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Introduction
Air pollution significantly jeopardises human health, and when concentrated within residential
settings, it becomes even more deleterious. The World Health Organization (WHO) defines it as
the ‘contamination of the indoor or outdoor environment by any chemical, physical or biological
agent that modifies the natural characteristics of the atmosphere’ (WHO, 2017). The primary
sources of outdoor pollution include transportation and industries, among others. In contrast,
indoor pollution often arises from using unclean fuel for cooking and lighting, manure used in
household activities, and lack of ventilation, among others (Balakrishnan et al., 2014).

Air pollution has become a leading environmental health issue today, responsible for seven million
fatalities yearly at the global level. Asthma, cancer, lung conditions, and cardiovascular disease are just
a few ailments that it causes and worsens (WHO, 2018b). It affects people’s health and costs the global
economy $8 billion (USD) daily, that is, almost 3–4 per cent (%) of the gross world product (Farrow
et al., 2020). Compared to a world that complies with WHO recommendations, global air pollution
shortens life expectancy by 2.2 years. The repercussions of air pollution on life expectancy are
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tantamount to smoking. In addition, air pollution reduces lifespan by more than three times as much
as drinking alcohol or using unclean water, six times as much as HIV/AIDS, and 89 times as much as
war and terrorism (Greenstone et al., 2022). Even in India, air pollution is the biggest danger to
people’s health. Furthermore, inaction on WHO recommendations by India may reduce citizens’
average life expectancy by five years (Greenstone et al., 2022).

While the effects of ambient air pollution are well known, household air pollution (HAP) can
be termed an invisible adversary. Routine household activities like cooking, cleaning, and others
generate a significant level of volatile particulate molecules within an average dwelling, resulting in
indoor air quality levels comparable with any severely polluted big city (Twilley, 2019). An
estimated 846 million people in India (i.e., 60 per cent of the country’s population) were exposed
to HAP in 2017 (Health Effects Institute, 2019). Unclean cooking and lighting fuels have both
environmental as well as severe health concerns. The use of such fuels has harmful impacts not
only on the individuals who use them but also on the people around them to such an extent that it
can lead to mortality. Illnesses linked to indoor particle exposure take longer to manifest, such as
lung cancer and cardiovascular disease, as well as acute lower respiratory (ALR) infections,
chronic obstructive pulmonary disease (COPD), and asthma, among others (Lewtas, 2007). Not
only illnesses but unclean cooking fuel also accounts for approximately 1.6 million deaths
worldwide (Health Effects Institute, 2019).

Many of the Sustainable Development Goals (SDGs) are associated directly or indirectly with
indoor/household air pollution; therefore, it is the need of the hour to take the issue of HAP
seriously (Amegah & Jaakkola, 2016). SDG’s Goal 3 (good health and well-being) is related to
reducing under-five (U5) deaths, early deaths of adults, and illnesses due to air pollution. Goals 4
and 5, that is, quality education and gender equality, respectively, are related to providing
improved access to facilitating knowledge technologies to children and women who are common
victims of air pollution concentrated within a household (WHO, 2018a). Similarly, Goal 7
(affordable and clean energy) talks about providing access to affordable, reliable, efficient modern
power. In addition, Goal 13 (climate action) as well as Goal 15 (life on land) are also affected by
indoor air pollution as the former aims at combating climate change, and the latter targets
sustainably managing forests and halting land degradation (Rosenthal et al., 2018).

Technological evolution supplementing rapid economic progress over the last few decades has
further advanced the factors that lead to higher and more sustainable living standards. Moreover, this
development has even extended to the markets of cooking fuel, where now various alternatives are
accessible and affordable, such as liquified petroleum gas (LPG) and electric fuel, among others (Yu
et al., 2020). Governments usually offer schemes that provide celerity to environmentally sustainable
economies. Even in India, the main motive behind launching schemes like Pradhan Mantri Ujjwala
Yojana (PMUY) is to achieve SDGs by shifting towards clean fuel. PMUY aims to give LPG access to
those who cannot afford it and progressively decrease their dependence on readily available, accessible,
and affordable but harmful substitutes like coal, wood, biomass, and kerosene.

However, it is seen that most developing (including India) and developed countries do not
adhere to the energy ladder hypothesis entirely; rather, they adopt fuel stacking. The energy ladder
hypothesis explains the situation succinctly. According to it, developing economies tend to move
up the energy ladder as their affluence increases, but they rarely transition completely from one
fuel to another. Instead, households engage in the practice of ‘stacking’ or cooking with numerous
stoves and fuels, all within the same dwelling (Energy Sector Management Assistance Program
(ESMAP), 2020). So, despite multiple studies analysing the factors influencing household
behaviour through cross-sectional and panel analysis, there remains a need for further research
both globally (Paudel et al., 2018; Pundo & Fraser, 2006; Schunder & Bagchi-Sen, 2019) and in
India (Cheng & Urpelainen, 2014; Mani et al., 2020; Ravindra et al., 2019; Talevi et al., 2022).

Considering the problems of unclean cooking fuel, the study’s objectives are as follows: first, to
interpret the distributional trend of unclean cooking fuel across various socio-economic determinants
and subsequently explore the vital household-level determinants leading to the choice of cooking fuel.
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Second, to analyse how unclean cooking fuel affects the health of under-five children. The authors
have taken rapid and short breathing issues from the past two weeks as a proxy of acute respiratory
infection (ARI) in this research based on the definition of ARI in the NFHS survey. As per the authors’
knowledge, there is limited research that analyses both causes (determinants of unclean cooking fuel)
and effects (health effects) in a single study in the context of developing or undeveloped countries
(Owusu Boadi & Kuitunen, 2006). Hence, the research contributes to the literature by integrating these
objectives into a cohesive paper. Additionally, this paper adapts a novel approach by analysing the
distributional changes in the use of unclean cooking fuel over the last three decades, an area that the
existing literature has not previously investigated.

Rationale for choosing children’s health
Children, women, and the elderly are the most sensitive groups to air pollution (Mahalanabis
et al., 2002; Sehgal et al., 2014). Children, being more susceptible to the impact of air pollution, are
particularly vulnerable to its effects as they inhale more rapidly than adults and draw in a higher
amount of pollutants. They also reside near the surface, where some pollutants are most
concentrated. Hence, children exposed to excessive levels of air pollution may be more susceptible
to chronic ailments in later life. Around 40,000 children under five were estimated to have died in
2021 due to PM2.51 air pollution (IQAir, 2021).

Moreover, COVID-192 significantly worsened the situation, as exposure to PM2.5 elevates the
risk of contracting and developing more severe illnesses, including fatalities, after infection (IQAir,
2021). PM2.5 levels that exceed the air quality limits set by the WHO expose 98 per cent of
children under five in lower- and middle-income countries globally. Further, levels exceeding
WHO air quality standards expose 52 per cent of children under five within high-income
economies. One billion children under 15 and more than 40 per cent of the world are exposed to
high HAP levels when households use polluting appliances and fuels (WHO, 2018a).

Additionally, a report released on the eve of the first WHOGlobal Conference on ‘Air Pollution
and Health’ highlights that 1.8 billion children under 15 are at significant risk of compromised
well-being and growth due to daily exposure to polluted air (WHO, 2018c). Tragically, many of
them pass away; according to WHO estimates, six lakh children died in 2016 from ALR infections
spurred on by contaminated air (WHO, 2018c). The research claimed that air pollution also
influences cognitive capacity and neurodevelopment, and it can lead to asthma attacks and
paediatric cancer (WHO, 2018c). So, comprehending the effect of unclean cooking fuel on
children’s health is crucial in light of the aforementioned facts. The obtained results from the
analysis would enable authors to draw informed conclusions from the research and advocate
essential policy changes.

Data source and methods

This study uses the National Family Health Survey (NFHS) database for analysis. NFHS is a large-
scale, national representative dataset with unit-level data resulting from a field survey
incorporating a big budget and well-planned research covering pan India, with the International
Institute for Population Sciences (IIPS) as the coordinator. Since its inception in 1992 and continuing
until 2021, the NFHS series has conducted five survey rounds, providing data on India’s population,
health, and nutrition. Moreover, it is the only Indian database that has covered approximately 30 years,

1‘It is a microscopic particle – 2.5 microns in width and almost 30 times smaller than the diameter of a human hair. When
levels are high, PM2.5 particles form a haze in the sky, making their way into people’s respiratory tracts and reaching the lungs’
(The World Bank, 2015).

2As per WHO, ‘COVID-19 is an infectious disease caused by a corona virus known as SARS-CoV-2’. It can affect
respiratory illness among individuals of all ages, potentially leading from mild to severe illness or death.
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from 1992 to 2021. So, the study utilises all rounds of the NFHS dataset for descriptive analysis and
specifically employs the fifth round to achieve the remaining objectives. NHFS-5 covers information
on 636,699 household sample units consisting of 825,954 individuals.

The study includes two different samples for objectives. The first objective is to study the clean
fuel transition that occurred over the period using distributional analysis and simultaneously analysing
the factors determining the choice of fuel for cooking among households. The household sample of
NFHS-5 (including both rural and urban) is selected to analyse the determinants of cooking fuel. This
is because cooking fuel is a household-level activity that depends on various household-level socio-
demographic factors. To achieve the first objective, the study uses the variables (see Table 1 for details):
type of cooking fuel as the regressand, which has two categories, that is, clean and unclean. The
modified definition ofWHO’s air quality guidelines is the basis for the division of clean and unclean in
this study (WHO, 2021). The study considers electricity, LPG, and biogas as clean cooking fuels, while
the unclean category comprises solid waste biomass such as wood, coal, lignite, animal dung, shrubs/
grass, agricultural crops, and kerosene, which was once considered clean in the existing literature
(Agrawal, 2012; Mishra & Retherford, 1997). Recent pieces of literature and WHO guidelines have
considered kerosene to be unclean (Arku et al., 2020). The selection of independent variables for the
study was based on several literature reviews related to the issue (Kroon et al., 2013; Lenz et al., 2023;
Mishra & Retherford, 1997) and the variable constraints of NFHS-5.

The primary predictor variable is whether BPL card holder, which is a categorical variable; here,
BPL refers to people below the poverty line. The variable BPL card holders show two different
classes of households based on income and living standards (i.e., poor and non-poor), which is
taken as a proxy for income or consumption expenditure, as data on income and consumption
expenditure is unavailable in NFHS. Zonal regions are the second independent variable, further
classified into six zonal regions. Table 2 comprehensively summarises states grouped into six zonal
regions across different NFHS rounds. Additionally, Table 1 presents a detailed description of
variables encompassing the determining factors related to household cooking fuel choice. Further,
the table includes the studies that have used these variables.

The variable wealth index is made from a distinct set of variables.3 The study drops the wealth
index from the set of explanatory variables in Equation 1 to avoid correlation, as many of these
variables are already present in the study.

Furthermore, cooking fuel choices pertaining to house type and their ventilation facilities
separately for rural and urban areas were analysed. As rural households are often assumed to have
kachha houses, and urban houses are likely to have structured ventilation, such analysis would
highlight the presence of urban–rural divide. This is explained using cross-tabulation of the
variables in Table 3.

The distribution of rural households as per their house type shows that only 6 per cent of
people live in kaccha houses (the rest of them live in either semi-pucca or pucca houses). On the
other hand, in the urban scenario, around 86 per cent of houses are pucca, 14 per cent are semi-
pucca, and only about 1 per cent are kaccha. Overall, the share of kaccha house type is quite low,
irrespective of the location. Next, when the authors verified the ventilation facilities within these
household types (separately for rural and urban areas), the results show that on an aggregate basis,
around 91 per cent of the urban and 84 per cent of the rural houses responded to having
ventilation facilities. Therefore, households have a higher share of ventilation facilities irrespective
of location and house type. The data refuted the preconceived assumptions.

To achieve the second objective, that is, examining the effect of cooking fuel on child health, an
individual-level file of children (0–4 years old) is used for the sample.4 Acute respiratory infection

3Scores are assigned to households by the quantity and variety of consumer goods it owns, including things from a bicycle to
a television or an automobile, as well as dwelling features like the availability of toilets, the type of flooring, and the drinking
water source (International Institute for Population Sciences (IIPS) and ICF, 2021).

4It is important to mention NFHS survey includes only those under-five children in the survey whose mother is alive and not all.
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Table 1. Variable description examining cooking fuel choice

Type Variable Definition and the measurement of variable Proxy and studies using the variable

Regressand

Outcome variable Cooking fuel type
(Equation 1)

Type of cooking fuel the household uses: 0 = unclean,
1 = clean

Proxy for energy source for cooking (Mperejekumana et al.,
2021; Paudel et al., 2018; Adeyemi et al., 2016)

Regressor variables

Primary exposure
variable (an
economic variable)

BPL card Whether household owns BPL card or not: 0 = no, 1 = yes Proxy for income/ consumption or wealth status

Other control and
explanatory
variables (include
socio-demographic
variables, regional
variable)

Religion of household
head

Religion of the household head: 1 = Hindu, 2 = Muslim,
3 = Christian and 4 = All-Others

Proxy for examining social exclusion (Islam, 2022)

Caste of household
head

Household heads’ caste: 1 = SC, 2 = ST, 3 = OBC and
4 = Other

Proxy for examining social exclusion (Islam, 2022)

Place of residence Respondents’ place of residence: 1 = rural and 2 = urban Proxy for geographical variation (Islam, 2022; Mperejekumana
et al., 2021; Paudel et al., 2018)

No. of household
members

Total number of members in the household Proxy for household burden allowing comparison (Islam, 2022;
Mperejekumana et al., 2021; Paudel et al., 2018; Adeyemi et al.,
2016)

Age of household
head

Square of age of head of the household in years Proxy for demographic variation (Islam, 2022; Paudel et al.,
2018; Adeyemi et al., 2016)

Zonal region Category of the state according to zones: 41 = north, 42 =
central, 43 = east, 44 = west, 45 = south, 46 = north-east

Proxy for geographical variation (Mishra & Retherford, 1997)

Household type Type of residential house belonging to the household:
1 = kachha, 2 = semi-pucca, 3 = pucca

Proxy for economic variation and pollution accumulation
(Islam, 2022; Adeyemi et al., 2016)

Separate kitchen Whether the household has a separate kitchen or not:
0 = no, 1 = yes

Proxy for pollution accumulation (Islam, 2022; Mperejekumana
et al., 2021; Paudel et al., 2018; Adeyemi et al., 2016)

Gender of house
owner

Who is the owner of the house: 1 = male, 2 = female, Both Proxy for socio-demographic variation (Islam, 2022;
Mperejekumana et al., 2021; Paudel et al., 2018)

Ventilation Is ventilation available in the place of cooking: 0 = no,
1 = yes

Proxy for pollution accumulation (Lenz et al., 2023)

Source Author’s computation based on NFHS 5 information and review of literature.
Acronyms NFHS (National Family Health Survey); BPL (Below Poverty Line); SC (Schedule Caste).
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Table 2. List of states and union territories included in NFHS5 and previous rounds

Zones NFHS1 NFHS2 NFHS3 NFHS4 NFHS5

North Delhi Delhi Delhi Delhi Delhi

Himanchal Pradesh Himanchal Pradesh Himanchal Pradesh Himanchal Pradesh Himanchal Pradesh

Jammu Jammu Jammu and Kashmir Jammu and Kashmir Jammu and Kashmir

Rajasthan Rajasthan Rajasthan Rajasthan Rajasthan

Punjab Punjab Punjab Punjab Punjab

Haryana Haryana Haryana Haryana Haryana

Uttaranchal Uttarakhand Uttarakhand

Chandigarh Chandigarh

Ladakh

Central Madhya Pradesh Madhya Pradesh Madhya Pradesh Madhya Pradesh Madhya Pradesh

Uttar Pradesh Uttar Pradesh Uttar Pradesh Uttar Pradesh Uttar Pradesh

Chhattisgarh Chhattisgarh Chhattisgarh

East Bihar Bihar Bihar Bihar Bihar

Odisha Odisha Odisha Odisha Odisha

West Bengal West Bengal West Bengal West Bengal West Bengal

Jharkhand Jharkhand Jharkhand

West Goa Goa Goa Goa Goa

Gujrat Gujrat Gujrat Gujrat Gujrat

Maharashtra Maharashtra Maharashtra Maharashtra Maharashtra

Dadra and Nagar Haveli Dadra and Nagar Haveli and Daman and Diu

Daman and Diu

South Karnataka Karnataka Karnataka Karnataka Karnataka

Andhra Pradesh Andhra Pradesh Andhra Pradesh Andhra Pradesh Andhra Pradesh

(Continued)
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Table 2. (Continued )

Zones NFHS1 NFHS2 NFHS3 NFHS4 NFHS5

Kerala Kerala Kerala Kerala Kerala

Tamil Nadu Tamil Nadu Tamil Nadu Tamil Nadu Tamil Nadu

Andaman and Nicobar Islands Andaman and Nicobar Islands

Lakshadweep Lakshadweep

Puducherry Puducherry

Telangana Telangana

North-east Arunachal Pradesh Arunachal Pradesh Arunachal Pradesh Arunachal Pradesh Arunachal Pradesh

Assam Assam Assam Assam Assam

Manipur Manipur Manipur Manipur Manipur

Meghalaya Meghalaya Meghalaya Meghalaya Meghalaya

Mizoram Mizoram Mizoram Mizoram Mizoram

Nagaland Nagaland Nagaland Nagaland Nagaland

Tripura Tripura Tripura Tripura Tripura

Sikkim Sikkim Sikkim Sikkim

Source Authors construction using NFHS reports of all rounds.
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(ARI) is the dependent variable,5 and the primary predictor variable is the type of cooking fuel,
categorised into clean and unclean. The details of these variables, along with other variables, are
presented in Table 4. Table 4 also includes studies that have used these variables. The variable
information index in this study is a comparatively new variable based on past literature,6 which is
added to know the effect of acquiring day-to-day information on cooking fuel preferences.

Further, the analysis process began with descriptive statistics and cross-tabulation techniques
to capture changes in cooking fuel choices across India over the period by using data from all
NFHS rounds at the household level. ‘N/A (non-available)’ is used to represent variables that are
absent from earlier rounds. Because the regressand is a binomial variable and the distribution of
error term follows a uniform distribution (see Figure 1), the study employs a probit regression
model with conditional reference to investigate the variables that affect households’ decisions to
use specific cooking fuel types.

Next, using the logistic regression model, the probability of ARI occurrence among under-five
children due to the choice of cooking fuel and other confounding variables was analysed in the
later part of the study. The explanation acquired from the error term’s Kernel density (K(x) =
Φ x� �) function (see Figure 2) is the basis for performing logit regression.

Below are the two models, that is, Equation 1 for the first part based on the probit model and
Equation 2 for the second part based on the logistic model.

Equation 1 The following model is the probit regression equation:

CookingFueli � Φ�α� β1BPLi � β2HhldHeadCastei � β3HhldHeadReligioni

� β4Residencei � β5NumOfHhldMemi � β6HhldHeadAgeSqi

� β7ZonalRegioni � β8SeparateKitcheni � β9HouseTypei � β10HouseOwneri

� β11Ventilationni � εi�
(1)

Here, α is a constant, β’s are coefficients of regressors, and is the residual term. Equation 1’s
regressand variable (cooking fuel type) shows the likelihood of adopting clean cooking fuel
(1 = clean and 0 otherwise). Φ :� � is the cumulative standard normal distribution function.

Table 3. Rural–urban divide in terms of house-type and ventilation facilities

Rural–urban distribution

Place of residence

Urban Rural

House type

Kachha 0.88 6.48

Semi-pucca 13.32 44.80

Pucca 85.80 48.71

Kitchen ventilation

No 9.02 15.59

Yes 90.98 84.41

5The variable ARI here is per National Family Health Survey which considers mother/family reported ‘rapid, short breath’
issue among under-five from past two weeks as acute respiratory infection.

6Information index is a weighted statistic based on how often a person listens to the radio, watches TV, and reads the
newspaper (Yadav & Mohanty, 2021).
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Table 4. Variable description examining the effects of cooking fuel on children under five

Type Variable Definition and the measurement of variable Proxy and studies using the variable

Regressand

Outcome variable Acute respiratory
infection (ARI)
(Equation 2)

Whether the child is suffering from rapid and
short breathing issues or not: 0 = no,
1 = yes

Proxy for health effect (Rayhan et al., 2020; Hasan et al., 2019; Chen &
Modrek, 2018; Acharya et al., 2015; Mahalanabis et al., 2002; Mishra &
Retherford, 1997)

Regressor variables

Primary exposure variable Cooking fuel type Type of cooking fuel the household uses:
0= unclean, 1= clean

Proxy for indoor air pollution (Acharya et al., 2015; Mishra & Retherford,
1997)

Mother’s
education

Mother’s level of education: 0 = No formal
education, 1 = primary, 2 = secondary,
3 = higher

Proxy for mother-specific and socio-economic characteristics (Basu et al.,
2020; Rayhan et al., 2020; Hasan et al., 2019; Chen & Modrek, 2018;
Acharya et al., 2015; Mahalanabis et al., 2002; Mishra & Retherford, 1997)

Other explanatory variables
(including other controlled
exposure variables)

Number of
household
members

Number of total members in a household Proxy for household characteristics (Basu et al., 2020; Rayhan et al., 2020;
Acharya et al., 2015; Mahalanabis et al., 2002)

Mother’s
frequency of
smoking

Frequency of smoking in days: 0 = no
smoking, 1 = every day, 2 = some days

Other exposure variable (controlled). Proxy for mother-specific
characteristics (Rayhan et al., 2020; Hasan et al., 2019; Chen & Modrek,
2018; Acharya et al., 2015; Mahalanabis et al., 2002)

Child’s age Square of age of the child (below five years) Proxy for child specific and socio-demographic characteristics (Rayhan
et al., 2020; Chen & Modrek, 2018; Acharya et al., 2015; Mahalanabis et al.,
2002)

Child’s gender Gender of the child: 1 = male, 2 = female Proxy for child specific and socio-demographic characteristics (Basu et al.,
2020; Chen & Modrek, 2018; Acharya et al., 2015) Mahalanabis et al., 2002;
Mishra & Retherford, 1997)

Mother’s chronic
respiratory
disease

Whether the mother is also suffering from
any chronic respiratory disease, including
asthma: 0 = no, 1 = yes

Another exposure variable (controlled). Proxy for mother-specific
characteristics (Hasan et al., 2019; Mahalanabis et al., 2002)

Mother’s age Mothers age (squared) in years Proxy for mother-specific characteristics (Hasan et al., 2019; Basu et al.,
2020)

Caste Caste to which mother belongs: 1 = SC,
2 = ST, 3 = OBC, 4 = Others

Proxy for examining social burden (Islam, 2022; Mishra & Retherford,
1997)

(Continued)
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Table 4. (Continued )

Type Variable Definition and the measurement of variable Proxy and studies using the variable

Religion Religion to which mother belongs:
1 = Hindu, 2 = Muslims, 3 = Christian,
96 = All-Others

Proxy for examining social burden (Islam, 2022; Mishra & Retherford,
1997)

Child lives with Child lives with whom: 0 = mother,
4 = elsewhere

Proxy for geographic variation

Gender of
household head

Gender of the head of the household:
1 = male, 2 = female

Proxy for social burden (Islam, 2022)

Information index Frequency of receiving information:
1 = everyday, 2 = less than a week, and
3 = not at all

Proxy of socio-economic characteristic (Yadav & Mohanty, 2021)

Place of residence Residence where child resides: 1 = urban,
2 = rural

Proxy for geographic variation (Basu et al., 2020; Rayhan et al., 2020;
Acharya et al., 2015; Mishra & Retherford, 1997)

Source Author’s computation based on NFHS 5 information and review of literature.
Acronyms NFHS (National Family Health Survey); SC (Schedule Caste).
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Equation 2 The following model is the logistic regression equation:

ARI � α� β1CookigFueli � β2MotherEdui � β3NoOfHhldMemi � β4SmokingFrequencyi

� β5ChildAge Sqi � β6ChildSexi � β7MotherRespHealthi � β8MothersAge Sqi

� β9Castei � β10Religioni � β11ChildLivesWithi � β12HhldHeadSexi � β13InfoIndexi

� β14Residenti � εi

(2)

Equation 2’s regressand variable ARI depicts disease occurrence (1 = yes and 0 otherwise).
STATA 16 statistical package was used to analyse the data.

Figure 1. Kernel density of Error Distribution of Equation 1.
Source Author’s calculation using NFHS 5 data.

Figure 2. Kernel density of Error Distribution for Equation 2.
Source Author’s calculation using NFHS 5 data.
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Results
Distribution of cooking fuel use over time

This section analyses the changes in the distribution of families using unclean fuel for various
demographic and socio-economic factors across all NFHS rounds or a period of about 30 years
(1991–2021) using appropriate weights suggested by NFHS to ensure data reliability (refer to
Table 5). The data analysis demonstrates a decline in the proportion of households using unclean
fuel over time, regardless of the household head’s gender, from around 88 and 90 per cent to about
41 and 41 per cent among male and female household heads, respectively. Similarly, the
percentage share of unclean fuel users based on place of residence also decreased from
approximately 65 and 97 per cent in NFHS 1 to about 10 and 57 per cent in NFHS 5 in urban and
rural areas, respectively. However, this decline is steeper in urban households than in rural ones.
One probable reason is that rural households have easy and cheap access to unclean cooking fuel.

In the case of religion, the initial data on households was missing during the first round of
NFHS; the data from other rounds suggests that households of all the categories showed a decrease
in unclean fuel users. Among religions, Hindus and Muslims showed the highest decline (82.76
per cent and 86.06 per cent to 41.70 per cent and 42.66 per cent) in the use of unclean cooking fuel
compared to Christians and All-Others. Further, within religion, the results of the caste category
showed that the transition towards clean energy took place in all the caste categories. However, in
all rounds, households in the Others category face the least exposure to polluted cooking fuel and
smoke compared to households in the ST category, which face the highest exposure.

The data defining the BPL category shows that households with BPL cards are the ones who
choose to use unclean fuel more, with a slow decline rate over time as compared to households
with no BPL cards. Among the six zonal regions (namely north, central, east, west, south, and
north-east7), there is a decline in households using unclean fuel from NFHS-5 compared to
NFHS-1. The transition is highest among the southern regions and slowest among the north-east
regions. Further, most unclean fuel users belong to the eastern region in all the NFHS rounds.
Finally, the wealth index category demonstrates that there is not much improvement in the
poorest section of the households that use unclean fuels to cook as they have the slowest declining
trend over the period. Only about 8 per cent of households in the poorest category transitioned
towards clean fuel in the NFHS-5 survey compared to the previous round. In contrast, the
transition from unclean to clean fuel is highest among richer and middle-class households.
Therefore, the standard of living of the households has a strong bearing on the preference for
fuel use.

Result determining factors influencing the choice of fuel for cooking

Understanding the factors that influence the choice of cooking fuel in India is crucial. So, using the
probit regression model, authors evaluate the coefficients and the marginal effects of various
factors responsible for cooking fuel choice (Adeyemi & Adereleye, 2016; Mperejekumana et al.,
2021; Muller & Yan, 2018; Paudel et al., 2018). The study tries to identify the demographic, socio-
economic, informational, and region-specific factors influencing people’s decisions about cooking
fuel in India. Table 6 displays the regressor coefficient along with its marginal effects using probit
regression analysis on the Indian household’s choice between clean and unclean cooking fuel.

The results presented in Table 6 reveal that households with BPL cards negatively and
significantly affect the choice of clean cooking fuel at a 1 per cent significance level. This means
that poor households are marginally 7 per cent less likely to use clean fuel as a means of cooking
than non-poor households. Results (based on the probit regression) conveyed along with the

7All the Indian states and union territories have been divided into six zonal regions by NFHS which made the comparison
of regions over time possible because even if the states got divided into more parts over the years (e.g., Bihar got divided into
Bihar and Jharkhand), the regions more or less remained the same.
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Table 5. Descriptive statistics of unclean fuel usage across different socio-economic factors (figures in per cent)

Socio-demographic indicators

Use of unclean cooking fuel in percentage

1992–93 1998–99 2005–06 2015–16 2019–21

Gender of household head

Male 88.17 82.24 73.63 55.48 41.24

Female 90.36 84.05 78.69 59.78 40.84

Place of residence

Urban 64.70 51.56 39.40 19.00 09.97

Rural 97.39 94.22 91.2 75.93 56.65

Religion

Hindu N/A 82.76 74.41 56.92 41.70

Muslims N/A 86.06 79.65 55.97 42.66

Christian N/A 75.92 63.89 45.02 30.98

All-Others N/A 67.09 61.06 45.83 29.53

Caste

SC 96.99 92.91 85.48 66.36 47.16

ST 97.32 95.58 91.63 82.35 67.34

OBC 85.95a 85.9 77.38 54.85 39.02

Others 69.67 57.60 39.45 26.56

Has a BPL card

Yes N/A N/A 89.99 69.7 48.55

No N/A N/A 68.46 47.57 35.09

Zonal regions

North 83.42 70.67 66.19 48.18 39.83

Central 90.53 86.92 82.86 69.13 54.60

East 93.76 92.34 87.38 78.14 62.39

West 78.91 70.43 57.02 41.82 23.61

South 88.73 82.08 69.61 35.62 17.59

North-east 92.33 86.64 75.82 71.33 54.78

Wealth index

Poorest 99.99 99.99 99.95 99.23 91.10

Poorer 99.95 99.92 99.69 92.22 63.44

Middle 99.65 99.29 95.88 61.14 32.21

Richer 97.45 88.82 64.21 23.11 13.12

Richest 45.51 23.6 11.72 05.50 03.07

Source Author’s computation using NFHS data of all rounds.
Acronyms NFHS (National Family Health Survey); BPL (Below Poverty Line); SC (Schedule Caste); ST (Schedule Tribe); OBC (Other Backward
Class).
aUnlike other rounds, the first round of NFHS provides combined data for ‘Others’ and ‘Other Backward Class’ (OBC).
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research outcome of literature that took income status or wealth status as a proxy economic
determinant (Islam, 2022; Lewis & Pattanayak, 2012; Muller & Yan, 2018). Household heads from
the ST category have fewer chances of choosing clean fuel than the SCs, with results indicating a
negative and significant relationship with a marginal probability of 16 per cent. Meanwhile,
household heads in the ‘Others’ category show a positive and significant relationship with the
choice of clean cooking fuel and are 9 per cent more likely to use clean fuel when compared with
the SCs (Islam, 2022). Further, the likelihood of using clean cooking fuel is higher in other
religions, such as Muslims, Christians, and All-Others, compared to Hindus (Islam, 2022). This is

Table 6. Probit regression estimates of the choice of cooking fuel

Variables Model coefficients Marginal effect

BPL card (yes, no®) –0.180*** (0.005) –0.070

Caste (SC®)

Schedule Tribe (ST) –0.400*** (0.009) –0.160

Other Backward Class (OBC) 0.000 (0.006) 0.000

Others 0.250*** (0.009) 0.090

Household head_religion (Hindu®)

Muslim 0.037*** (0.009) 0.014

Christian 0.072*** (0.012) 0.027

All-Others 0.386*** (0.012) 0.134

Place of residence (rural, urban®) –1.090*** (0.007) –0.350

No. of household members –0.042*** (0.001) –0.016

Household head age (squared) –0.00002*** (0.000) –0.000

Zonal region (north®)

Central –0.120*** (0.008) –0.050

East –0.240*** (0.009) –0.096

West 0.390*** (0.010) 0.145

South 0.820*** (0.009) 0.270

North-east 0.256*** (0.011) 0.098

Have separate kitchen (yes, no®) 0.252*** (0.006) 0.097

Household _Type(kachha®)

Semi-pucca 0.322*** (0.012) 0.126

Pucca 1.015*** (0.012) 0.390

House_Owner (male®)

Female –0.075*** (0.007) –0.029

Both –0.097*** (0.018) –0.037

Ventilation (no®)

Yes 0.148*** (0.008) 0.057

Note ® is Category of Reference; figures in parentheses illustrate standard errors (SE).
Source Author’s computation based on NFHS 5 information.
Acronyms NFHS (National Family Health Survey); BPL (Below Poverty Line); SC (Schedule Caste).
*p< 0.10; **p< 0.05; ***p< 0.01, Pseudo R2 = 0.2931.

14 Priyandu M. Bajpayee et al.

https://doi.org/10.1017/S002193202400035X Published online by Cambridge University Press

https://doi.org/10.1017/S002193202400035X


probably due to the positive effects of the complementary socio-economic schemes like Nai
Manzil, USTTAD,8 and PMJVK,9 among others, that the government has launched over the years
for the minority section of India to uplift their social and economic standards.

Since the sources of unclean fuel are readily available to rural households, their chances of using
it are higher, and the results also support the argument (Islam, 2022; Rahut et al., 2016). As the
number of household members rises, the likelihood of choosing unclean cooking fuel increases as
clean fuel sources are costly and not readily available to everyone (Islam, 2022; Waleed & Mirza,
2022). The age (squared) of the household head showed a negative and significant effect on the
choice of clean fuel for cooking, but the values of standard error (0.000) and the marginal effect
(–0.000) are negligible. Based on the zonal region, the west (14 per cent), south (27 per cent), and
north-east (10 per cent) are more likely to opt for cooking fuel that is clean compared to the
northern region. Meanwhile, households in the central (5 per cent) and eastern regions (10 per
cent) are less likely to use clean cooking fuel than those in the northern region.

Apart from this, households with separate kitchens are more probable to choose clean cooking
fuel in comparison to those that do not have a separate kitchen (Owusu Boadi & Kuitunen, 2006;
Rayhan et al., 2020). In the case of house type, compared to the unfinished kachha houses, the
semi-kachha/semi-finished and pucca/households with complete finishing are more inclined
towards choosing clean cooking fuel. The probit estimates in the case of the gender of house owner
show that if the females are house owners or if both the male and female are house owners instead
of male alone, then the chances of choosing clean fuel over unclean fuel are less likely. These
results align with the other literature the authors studied during the research (Adusah-Poku et al.,
2022). In addition, a household with ventilation facilities is more likely to choose clean cooking
fuel over unclean cooking fuel than when a ventilation facility is unavailable.

Effect of unclean fuel on the health of under-five children

In general, the factors that influence fuel choice for cooking are insufficient to comprehend the
real-world context of why fuel choice matters. It is because the choice of cooking fuel has severe
health impacts on the lives of individuals, especially children, the elderly, and women who live
most of the day at home (Arku et al., 2020; James et al., 2020; Khan et al., 2017; Liao et al., 2016;
Liu et al., 2018; Liu et al., 2021; Mahalanabis et al., 2002; Mishra & Retherford, 1997; Sinha & Ray,
2015). Henceforth, understanding the effects of cooking fuel selection on the health of children
younger than five is another goal of this study. Given the covariates, the logit model calculates the
probabilities of under-five-year children developing an acute respiratory illness. Table 7 presents
the odds ratio resulting from the logistic model.

The logistic estimates indicate that using clean cooking fuels reduces the odds of under-five
children suffering from ARI. The results show odds of less than 1 for clean fuel, with unclean fuel
users as the base category (OR: 0.930 with 5% SE = 0.020). The result based on logistic regression
conveys the research outcome in the literature (Acharya et al., 2015; Hasan et al., 2019; Imo &
Wet-Billings, 2021; Rayhan et al., 2020). Other estimates, for example, mother’s education,
showed that the children of women with a higher education degree are less likely to suffer from
ARI, having odds less than 1 (OR: 0.790 with 5% SE = 0.029) compared to the children whose
mothers had a little or lower level of education (Basu et al., 2020; Mishra & Retherford, 1997; Owili
et al., 2017; Rayhan et al., 2020). Further, the variable ‘number of household members’ showed
surprising results. The children belonging to households with a higher number of members
or individuals had lower chances of suffering from ARI (OR: 0.990 with 5% SE = 0.003).

8Upgrading the skills and training in traditional arts/crafts for development.
9Pradhan Mantri Jan Vikas Karyakram.
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These findings were in line with those of Yahan et al. (2020) and Acharya et al. (2015); however,
they were against the findings of AnnMuthoni (2017) and Von Linstow et al. (2008). One possible
reason for the low odds of ARI could be that among larger families, there are more individuals to
take care of the children; hence, they get proper attention. Children whose mothers had a history

Table 7. Logistic regression estimates on the effect of cooking fuel choice on the health of under-five children

Variables Odds ratio

Cooking fuel (clean, unclean®) 0.930*** (0.020)

Mother’s education (no formal education®)

Primary 1.075** (0.034)

Secondary 0.950** (0.025)

Higher 0.790*** (0.029)

No. of household members 0.990*** (0.003)

Mother’s frequency of smoking (never®)

Everyday 1.448 (0.507)

Someday 2.191*** (0.482)

Current age of child (squared) 0.970*** (0.002)

Child gender (male®, female) 0.890*** (0.016)

Chronic respiratory disease (mother)

(no®, yes) 2.754*** (0.193)

Mother’s age (squared) 0.999*** (0.000)

Caste (SC®)

Schedule Tribe (ST) 0.780*** (0.024)

Other Backward Class (OBC) 0.970 (0.023)

Other 1.020 (0.031)

Religion (Hindu®)

Muslim 0.872*** (0.027)

Christian 0.733*** (0.032)

Other 0.870*** (0.043)

Child lives with (mother®, elsewhere) 0.470*** (0.077)

Household head_gender

(Male®, Female) 1.158*** (0.028)

Information index (every day®)

At least once a week 1.024 (0.024)

Less than a week 1.350*** (0.055)

Not at all 1.176*** (0.034)

Place of residence (urban®, rural) 1.099*** (0.028)

Note ® is Category of Reference; figures in parentheses are standard errors (SE).
Source Author’s computation based on NFHS 5 information.
Acronyms NFHS (National Family Health Survey); SC (Schedule Caste).
*p< 0.10; **p< 0.05; ***p< 0.01, Pseudo R2 = 0.0114.
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of smoking on some days have higher chances of suffering from ARI (OR: 2.191 with 5%
SE = 0.482) (Cheraghi & Salvi, 2009), while results for women who smoke every day are
insignificant.

The variables square of child age (OR: 0.970 with 5% SE= 0.002) and child gender (OR: 0.890
with 5% SE= 0.016) are also negatively and significantly associated with the likelihood of a child
suffering from ARI (Basu et al., 2020; Mishra & Retherford, 1997). However, these findings were
against a few pieces of literature reviewed (Chen & Modrek, 2018; Hasan et al., 2019). Further,
results showed that children whose mothers had chronic respiratory issues, including asthma, are
more prone to suffering from ARI (OR: 2.754 with 5% SE = 0.193) (Mahalanabis et al., 2002).
Apart from this, the square of mother’s age is significant but less likely factor that affects the
likeliness of a child suffering from ARI (OR: 0.999 with 5% SE = 0.000) (Basu et al., 2020; Owili
et al., 2017). In the caste-wise category, children in the scheduled tribe category have a lower
likelihood of experiencing ARI compared to those in the scheduled caste category (OR: 0.780 with
5% SE = 0.024) (Agrawal, 2012; Mishra & Retherford, 1997). At the same time, the results of
other castes were found to be insignificant.

In the religion category, children of other religions showed a less likelihood of suffering from
ARI when using unclean cooking fuel compared to Hindus. These findings are consistent with
Mishra and Retherford’s findings (Mishra & Retherford, 1997) but contradict Agrawal’s findings
(Agrawal, 2012). Another interesting estimate is that children living elsewhere are less likely to
suffer from ARI than those living with their mother (OR: 0.470 with 5% SE = 0.077). Apart from
all this, female-headed households are found to increase the likelihood of children suffering from
ARI, indicating that children in households with female heads are more susceptible to ARI.

Those who received more information from newspapers, television, or radio are less likely to
have children suffering from ARI than those who received less information, as revealed by the
statistics on the variable – the information index. While the place of residence is concerned, those
children living in rural regions are more likely to have ARI compared to the urban ones (OR: 1.099
with 5% SE = 0.028).

Robustness check

The current work has also examined the robustness of the probit and logistic models using sub-
samples of 80, 50, and 20 per cent to assess the robustness.10 In Tables 8 and 9, the results of the
sub-samples used to demonstrate robustness are presented.

When using probit estimates, the variables in the sub-sample match the complete sample’s
coefficient. Only the model with the 20 per cent sub-sample has some exceptions with a few
variables. Within the category of the religion of household head, Muslims are found insignificant.
And in the household ownership category, households that claimed to have both male and female
as the head are found insignificant.

However, the logistic model’s coefficients are consistent throughout the entire sample. All are
significant except for a few variables (primary and secondary education in the mother’s
education category, mother’s age, child living with mother or elsewhere, and Muslims in
religions category) that are insignificant in the 20 per cent sub-sample model. In other words,
the result approaches the initial results as the sample grows. As a result, the variables found in
the models are reliable when considering the fuel choice and how that choice affects the ARI of
children under five.

10The analysis at 80, 50, and 20 per cent sub-sample is to examine whether the coefficients are robust and plausible. Sub-
sample analysis is simple yet very informative check of robustness. The major rationale behind using sub-sample method is
that unlike other structure-specific robustness checks the data is never restricted on structural basis (Nawaz, 2020).
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Discussion and conclusion
Developing countries usually follow the fuel stacking theory since they adopt not one but various
sources of cooking fuel, and India is no different. The trend analysis of all NFHS rounds showcases
that mixed fuel has been part of the Indian kitchen for every economic section of society.
Moreover, previous works of literature also indicate the same, especially in rural areas (Sehjpal
et al., 2014; Waleed & Mirza, 2022). On the one hand, if it is easily accessible and affordable, then

Table 8. Probit estimates of 20 per cent, 50 per cent, and 80 per cent sample

Variables

Coefficient at
20 per cent
sample

Coefficient at
50 per cent
sample

Coefficient at
80 per cent
sample

BPL card (yes, no®) –0.180*** (0.011) –0.175*** (0.007) –0.180*** (0.005)

Caste (SC®)

Schedule Tribe (ST) –0.434*** (0.020) –0.395*** (0.012) –0.405*** (0.010)

Other backward class (OBC) 0.010 (0.016) –0.001 (0.010) 0.000 (0.008)

Others 0.245*** (0.018) 0.240*** (0.011) 0.250*** (0.009)

Household head_religion (Hindu®)

Muslim 0.018 (0.020) 0.045*** (0.012) 0.038*** (0.010)

Christian 0.091*** (0.028) 0.088*** (0.018) 0.076*** (0.015)

All-Others 0.380*** (0.027) 0.362*** (0.017) 0.380*** (0.014)

Place of residence (rural urban®) –1.090*** (0.016) –1.085*** (0.010) –1.09*** (0.008)

No. of household members –0.039*** (0.002) –0.042*** (0.002) –0.042*** (0.002)

Household head age (squared) –0.00002*** (0.000) –0.00002*** (0.000) –0.00002*** (0.000)

Zonal region (north®)

Central –0.089*** (0.018) –0.120*** (0.011) –0.122*** (0.009)

East –0.253*** (0.020) –0.233*** (0.012) –0.228*** (0.010)

West 0.401*** (0.021) 0.390*** (0.013) 0.392*** (0.011)

South 0.833*** (0.021) 0.820*** (0.013) 0.808*** (0.010)

North-east 0.252*** (0.026) 0.245*** (0.016) 0.264*** (0.013)

Have separate kitchen (yes, no®) 0.258*** (0.013) 0.255*** (0.008) 0.248*** (0.006)

Household_type (kachha®)

Semi-pucca 0.350*** (0.026) 0.325*** (0.020) 0.317*** (0.013)

Pucca 1.040*** (0.027) 1.02*** (0.020) 1.014*** (0.013)

Household_owner (male®)

Female –0.072*** (0.016) –0.075*** (0.010) –0.078*** (0.008)

Both –0.036 (0.039) –0.091*** (0.024) –0.085*** (0.020)

Ventilation (no®)

Yes 0.121*** (0.0165) 0.147*** (0.010) 0.149*** (0.008)

Note: ® is Category of Reference; figures in parentheses are standard errors (SE).
Source Author’s computation based on NFHS 5 information.
Acronyms NFHS (National Family Health Survey).
*p< 0.10; **p< 0.05; ***p< 0.01.
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on the other side, it brings immense hidden health hazards. However, these health hazards appear
unharmful at first but are significant contributors to pollution-related diseases and even deaths in
the long run (Basu et al., 2020; Lewtas, 2007). Indoor pollution from unclean cooking fuel is found

Table 9. Logistic estimates of the 20 per cent, 50 per cent, and 80 per cent sample

Variables

Odds ratio at a
sub-sample of
20 per cent

Odds ratio at
sub-sample of
50 per cent

Odds ratio at
sub-sample of
80 per cent

Cooking fuel (clean, unclean®) 0.914* (0.043) 0.942** (0.028) 0.920*** (0.022)

Mother’s education (no formal education®)

Primary 1.099 (0.078) 1.103** (0.050) 1.072** (0.039)

Secondary 0.990 (0.058) 0.926** (0.034) 0.947* (0.028)

Higher 0.800*** (0.066) 0.802*** (0.042) 0.799*** (0.033)

No. of household members 0.983** (0.008) 0.985*** (0.005) 0.987*** (0.004)

Mother’s frequency of smoking (never®)

Everyday 2.240 (1.420) 1.007 (0.602) 0.938 (0.433)

Someday 3.370*** (1.430) 1.890** (0.610) 2.250*** (0.530)

Current age of child (squared) 0.965*** (0.003) 0.967*** (0.002) 0.970*** (0.001)

Child gender (male®, female) 0.922** (0.037) 0.919*** (0.023) 0.897*** (0.018)

Chronic respiratory disease (mother)

(no®, yes) 3.280*** (0.461) 3.005*** (0.289) 2.640*** (0.211)

Mother’s age (squared) 0.999 (0.000) 0.999*** (0.000) 0.999*** (0.000)

Caste (SC®)

Schedule Tribe 0.808*** (0.056) 0.775*** (0.034) 0.755*** (0.027)

Other Backward Class 0.970 (0.052) 0.970 (0.033) 0.960 (0.026)

Others 1.040 (0.070) 1.024 (0.044) 1.008 (0.034)

Religion (Hindu®)

Muslim 0.917 (0.060) 0.829*** (0.036) 0.875*** (0.030)

Christian 0.656*** (0.064) 0.754*** (0.045) 0.754*** (0.037)

All-Others 0.800** (0.090) 0.871** (0.060) 0.850*** (0.047)

Child lives with (mother®, elsewhere) 0.719 (0.234) 0.492*** (0.112) 0.463*** (0.086)

Household head_gender

(male®, female) 1.244*** (0.066) 1.150*** (0.040) 1.180*** (0.032)

Information index (every day®)

At least once a week 1.060 (0.056) 1.061* (0.036) 1.040 (0.028)

Less than a week 1.460*** (0.130) 1.380*** (0.080) 1.380*** (0.063)

Not at all 1.210*** (0.078) 1.235*** (0.051) 1.181*** (0.038)

Place of residence (urban®, rural) 1.120** (0.063) 1.150*** (0.042) 1.087*** (0.031)

Note: ® is Category of Reference; figures in parentheses are standard errors (SE).
Source Author’s computation based on NFHS 5 information.
Acronyms NFHS (National Family Health Survey).
*p< 0.10; **p< 0.05; ***p< 0.01.

Journal of Biosocial Science 19

https://doi.org/10.1017/S002193202400035X Published online by Cambridge University Press

https://doi.org/10.1017/S002193202400035X


mainly in underdeveloped and developing countries. In middle- and low-income countries,
individuals have no choice but to use substitute fuels, as they cannot afford clean fuel energy like
people in developed countries. The findings from the descriptive analysis at the household level
indicate that the availability of clean cooking fuel has increased over time from 1991 to 1992. The
use of unclean fuel declined at a steeper rate between the fourth (2015–16) and fifth NFHS rounds
(2019–21). The Ujjwala scheme, launched in 2016 to provide LPG connections to poor BPL
households and women, could be a plausible reason for the declining use of unclean cooking fuel
in Indian households. It aims to reduce dependency on unclean fuel and pave the way for
achieving related SDGs. However, transitions across rural–urban households, zonal regions,
wealth quintiles, and castes differ significantly. These differences can be due to relative economic,
social, and environmental differences.

The results of the probit regression model (Equation 1) confirm the descriptive trend analysis.
They indicate that various factors, such as poverty status, caste, religion, place of residence,
number of family members, type of house, ventilation, region, and house ownership, influence the
choice of clean cooking fuel. Apart from these variables, the interaction of the type of house with both
the place of residence and ventilation could also influence choices of cooking fuel, which is not
considered in the final model as no significant association is observed between these variables in the
survey data. In further analysis, the logistic estimates of Equation 2 reveal that if a household uses
unclean cooking fuel, it can increase the likelihood of a child suffering fromARI. The simple reasoning
can be that young children may be unable to leave their small and enclosed homes or their mother’s
side, who typically cooks food in Indian households. This effect is significant even in the presence of
other confounding factors like age and gender of the child, number of household members, mother’s
respiratory health, location of residence, smoking frequency of the mother, caste, religion, and others.
These are also significant and affect the chances of a child suffering from ARI in one way or another.

So, the analysis indicates that the child’s health is highly prone to the choice of cooking fuel.
Furthermore, after adjusting for the impact of many potentially confounding variables, children
residing in families using solid and biomass fuels have a considerably greater risk of ARI than
children residing in dwellings using cleaner fuels. So, eliminating or minimising unclean fuel use
can help the individual’s health and ease the way to achieving environmental goals.

Extant literature shows that only a limited number of studies have adopted an integrated
approach to determining both factors and outcomes of choosing and using unclean cooking fuel. For
developing countries, the findings have significant programme and policy implications and can
contribute to further research, which seeks some basis for suggesting policy orientation. Especially for
India, where, according to NFHS-5 reports, 41 per cent of individuals still utilise polluting fuels for
heating and cooking, which is unequivocally a remarkable segment of the Indian population.

In conclusion, the study provides strong evidence to ameliorate the existing policies in a way
that exhorts clean energy use. This paper shows that energy transition is very sluggish for socio-
economically vulnerable households. Suggesting that the success of welfare policies is primarily
confined to urban areas or households with higher socio-economic status. To facilitate a faster and
more inclusive clean energy transition, the authors propose that it is imperative for the
government to implement pro-poor and pro-rural policies (e.g., increasing the number of LPG
service providers in rural areas) that ensure the availability and affordability of clean energy
resources across the most vulnerable regions, households, and communities.

Limitations of the study

Nevertheless, the paper has certain limitations, implying it also has a further scope of research.
The study’s first shortcoming is that the study applies only a quantitative research approach,
which might not give us a complete picture of the factors or causes of the phenomenon
determining the cooking fuel choice. And so, along with the quantitative approach, the
simultaneous use of more individual and context-based qualitative analysis will provide reasons
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not captured in the quantitative analysis alone. Second, since the data on ARI is self-reported, the
results need to be validated by more epidemiological studies using more accurate smoke exposure
measurements and clinical assessments of ARI. Third, this study did not include the technology
part (i.e., type of cook stove) of WHO’s definition of ‘clean fuel and technologies’ due to the
unclear definition of the type of cook stove in the NFHS database. Lastly, due to data limitation
and the absence of an appropriate instrument variable, the study did not address the endogeneity
issue. Although, it is recognised that handling endogeneity among variables is virtually impossible
in cross-sectional studies because all variables are measured simultaneously (Lynch & Brown,
2011). Further, finding appropriate variables (Instrumental Variables) is also difficult. Hence,
cross-sectional studies usually draw their conclusions based on the temporal importance and
theoretical validity of the factors under consideration. However, all these limitations pave the way
for further research, where these shortcomings could be incorporated.
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