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The natural environment is negatively impacted by the daily fuel use for domestic

purposes, particularly in developing nations with large populations, such as India,

where biomass is the primary source of fuel for household cooking. However, a

greater understanding is needed about the trends, patterns, and factors a�ecting

household energy consumption and choice in India over the past two decades.

The National Family Health Survey (NFHS) data from the years 2005–2006,

2015–2016, and themost recent year 2019–21 are used in this study to empirically

demonstrate that characteristics including gender, education, capital, social status,

and geography have significant influence on a household’s decision to use cleaner

energy. The results report that homes in rural regions, the poorest and most

impoverished households, those headed bywomen, andwithout formal education

have been unable to switch to cleaner fuels such as liquid petroleum gas (LPG)

over time. As the study suggests that increasing income levels and education can

lead to a shift toward cleaner household energy consumption, policies promoting

economic growth and education can reduce greenhouse gas emissions from

household energy consumption. Thus, policies like subsidies in LPG and electricity

shall explicitly aim to assist impoverished households and lower-income families

in enhancing their accessibility and a�ordability options for cleaner energy

sources. The research underscores the significance of directing e�orts towards

the economically disadvantaged segments of society, guaranteeing their access

to more environmentally friendly energy sources.
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1. Introduction

Anthropogenic climate change is driven by numerous human activities, such as

consuming dirty solid fuels such as firewood, dung, kerosene, and straw. Consumption of

these solid forms of energy are widely acknowledged as aggregating atmospheric carbon

emissions (Crutzen, 2016). Clean energy is important for human health, the environment,

and socioeconomic development (Duflo et al., 2008; Akpalu et al., 2011). Dirty energy

sources such as firewood and charcoal are used because they are easily accessible and

cheap (Leach, 1992), and shifting to cleaner energy sources such as gas and electricity can

be more expensive. The energy transition ladder assumes that wealthier households use

cleaner energy sources such as electricity and liquid petroleum gas (LPG), while poorer

households use firewood and dung (Rahut et al., 2017b). These transitions reflect the
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relationship between income and consumption of energy sources

(Hasan andMozumder, 2017; Aghaei and Lawell, 2020;Wang et al.,

2022). Thus, in response to increasing income levels, households in

lower- and middle-income countries might shift from traditional

dirty energy sources such as biomass to cleaner and more efficient

energy sources such as LPG and electricity (Daioglou et al., 2012;

Khandker et al., 2012; Mensah and Adu, 2015; Rahut et al., 2017b;

Sharma and Dash, 2022). Little is known about how such a change

in economic structure in middle- and lower-income countries in

the last two decades has led to the choice of clean energy sources.

Daily household energy consumption, which includes mostly

dirty energy sources, contributes to environmental degradation

and greenhouse gas emissions, especially in developing countries

with large populations heavily dependent on biomass for energy

(Rahut et al., 2017b). Therefore, this study examines the trends and

determinants of household energy choice in India over the last two

decades. This study utilizes data from the previous last 15 years

to check whether households have changed to consuming cleaner

energy. For this study, we used the latest National Family Health

Survey (NFHS) data from three periods, 2005–2006, 2015–2016,

and 2019–2021, and this study addresses the energy consumption

patterns by using large nationally representative household data

sets from India covering over 1.2 million data points. A novel

feature is that this study uses the latest data for 2019–2021 to

identify energy consumption patterns and the determinants at a

regional level in India. Next, we used a multinomial logit model

with odd ratios to analyze the determinants for household energy

choices. The National Family Health Survey (NFHS) has good-

quality data and large sets of variables that enabled us to examine

the significance and differential roles of education, wealth, and

other sociodemographic factors in the choice of clean energy

sources for household use.

The rest of this study is organized in the following ways.

The data and methodology are described in Section 3, “Data and

Methodology”, including the data sources and collection and the

specification of econometric models. Section 4 reports the “Results

and Discussion” along with trends and the transition of household

energy consumption in India from 2005 to 2021. Finally, we provide

“Conclusions” with implicit policy implications in Section 5.

2. Literature review

Recent studies have identified factors such as income,

household size, education, and gender of the household heads

as playing an important role in household energy consumption

(Heltberg, 2004; Rao and Reddy, 2007; Hasan and Mozumder,

2017; Mottaleb et al., 2017; Sharma and Dash, 2022). Leach (1992)

find that the energy transition process is heavily influenced by

access to modern fuels and the cost of transitioning and suggests

that the consumption of cleaner energy sources is positively

related to household income and wealth, creating an “energy

transition ladder”. Pachauri (2004) use Indian household survey

data from 1993 to 1994 and concludes that the socioeconomic

status of households, geography, family structure, and residence

characteristics influence the total household energy consumption.

Pachauri and Jiang (2008) find the determinants of modern

energy choice and trends in energy use that are similar in both

India and China, where households are highly dependent on

solid fuels in rural areas. In Brazil, Ghana, Guatemala, India,

Nepal, Nicaragua, South Africa, and Vietnam, Heltberg (2004) and

Heltberg (2005) find that modern cleaner fuel use is positively

(negatively) associated with per capita expenditure, household

wealth, and education, while solid fuel use is negatively associated

with these factors. Hasan and Mozumder (2017) use Bangladesh

Household Income and Expenditure Survey (BHIES) 2010 data

and identified that the demand for clean energy sources by poor

households is low, but when their income reaches a certain

threshold level, the energy demand for clean energy sources starts

increasing. Sharma and Dash (2022), using the primary data and

multinomial model, claim that households with a regular and

fixed income from salaried work or business are less likely to use

solid fuel. Studies have shown that wealth and income are the

important parameters influencing use and consumption of clean

and convenient energy sources.

Household energy preferences are affected by the education

level because education is directly related to improving income

level and provides knowledge and awareness about energy sources

and their positive and negative aspects (Rao and Reddy, 2007;

Pandey and Chaubal, 2011; Mottaleb and Rahut, 2021; Dongzagla

and Adams, 2022; Mottaleb et al., 2022; Waleed and Mirza,

2022). Rao and Reddy (2007) use the 1999–2000 National

Sample Survey (NSS) data covering over 118,000 households in

India and concluded that per capita income, household size,

educational level of household head, and occupation are the

strong determinants of clean fuel choice. Pandey and Chaubal

(2011) utilize the 61st round of the National Sample Survey and

reveal that the number of educated female individuals between 10

and 50 years of age, average household education index, regular

salary, and monthly per capita consumption expenditure have a

significant positive impact on the choice of clean cooking fuels

in rural India. Mottaleb and Rahut (2021) employ information

on urban households from three periods of the NSSO (46th,

1991–1992; 63rd, 2006–2007; and 68th, 2011–1212) and identify

that the educational level of the household head and spouse and

economic status are the major determinants in the choice of clean

fuels. Dongzagla and Adams (2022) adopt data from the 2014

Ghana Demographic and Health Survey and notice statistically

significant and positive associations between clean fuel use and

age, family size, educational level, and wealth. Waleed and Mirza

(2022) use Pakistan Household Integrated Expenditure Survey

(HIES) data from 2015 to 2016 to show that beside income,

other household-specific factors such as prices, size, education,

profession, and the residential area play an imperative role in

energy transition. Hence, education is one crucial factor influencing

a household’s clean energy choice decision and leads toward energy

transition.

Farhar (1998) analyzes gender roles for developing energy

policy and argued that gender and renewable energy should

be considered while formulating, such policy. He argues that

gender roles should be an inherent part of sustainable economic

development programs. Heltberg et al. (2000) exercise data from

180 households residing in four different villages in the Alwar

district in Rajasthan in the northwestern part of India in 1997
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and found that female family members proactively get involved in

collecting firewood from the forest more than the male ones, while

male family members play a conventional role in the family by

engaging in agriculture, earning wages, and engaging in other non-

farm employment activities. Israel (2002) analyzed the Bolivian

Integrated Household Survey 1989 and claimed that compared

to men, women have a stronger preference toward clean energy

sources. Another interesting finding was that per-capita fuelwood

consumption in female-headed households was less than that in

male-headed households.

Gould and Urpelainen (2020) used data from 8,563 Indian

households and demonstrated that women’s empowerment

increases the likelihood of using cleaner energy fuel, such as LPG,

and further emphasized that involving women in a participatory

decision-making process would empower them. Twumasi et al.

(2020) reported that, together with other household characteristics,

access to credit, opportunities for employment, and non-farm

income are positively correlated with the consumption of cleaner

energy fuel. Adusah-Poku et al. (2022) used the Exogenous

Switching Treatment Effect (ESTER) method and the 7th Ghana

Living Standards Survey 2016–2017 and found that female-headed

households with access to economic opportunities tend to have a

higher probability of choosing clean energy sources compared to

a male-headed household with similar conditions. Thus, the role

of female household members is vital for the household’s decisions

regarding the use of energy sources. Female household members,

as principal decision-making agents, place a higher priority on the

use of clean energy sources, which provides better health for their

families and more leisure time for themselves. Their inclusion in

policy development and empowerment by making them principal

decision-making agents is crucial toward energy transition.

Demographic characteristics, such as the household head’s

age and the number of adults, influence a household’s decision

to choose a cleaner energy source. However, some studies have

claimed that household size might negatively affect the probability

of selecting clean cooking fuel and that such a relationship could

be non-linear (Pandey and Chaubal, 2011; Rahut et al., 2017a). The

reason household size is positively related to the high consumption

of solid fuels, such as wood, is the increase in demand for energy

and excess labor supply for collecting wood for fuel in rural areas

(Heltberg et al., 2000). Rahut et al. (2017a) conduct a primary

survey of 500 farmers from the seven districts of the Himalayan

region of northern Pakistan and ascertain that young and educated

farmers with large land holdings use more than one energy source

for cooking purposes. Koirala and Acharya (2022) make study

of two periods data from the National Living Standard Surveys

(NLSS) and four Annual Household Surveys (AHS) and found that

household size and availability of clean energy sources (supply)

affects the use of traditional fuels, such as firewood and self-

collected fuels.

Our study has examined household energy choices in India over

the last two decades. Dirty energy sources that are used for daily

household consumption contribute to environmental degradation

and greenhouse gas emissions in developing countries heavily

dependent on biomass for energy. Clean energy is crucial for

human health, the environment, and socioeconomic development,

but switching to cleaner sources such as gas and electricity can be

expensive. The study has used the latest National Family Health

Survey data from three periods to analyze energy consumption

patterns through large household data sets covering over 1.2

million data points. The study has used a multinomial logit model

with odd ratios to analyze the determinants of household energy

choices, examining the significance and roles of education, wealth,

and sociodemographic factors.

3. Data and methodology

3.1. Data and sampling

This study used the data collected by the National Family

Health Survey (NFHS) of 2005–2006, 2015–2016, and 2019–2021

to analyze the trends in household energy choice in India and

the determinants of household energy use. The NFHS conducts

extensive surveys in several rounds by studying representative

samples of households in India and works in collaboration with

International Institute for Population Sciences (IIPS) and East-

West Center, Honolulu, Hawaii, USA. The Ministry of Health

and Family Welfare of India has appointed IIPS as the agency

responsible for the coordination and guidance of the NFHS,

whereas the United States Agency for International Development

(USAID) and the United Nations Children’s Fund (UNICEF)

fund the NFHS. IIPS, in collaboration with several organizations,

implements the survey for the NFHS. The sample selection is

based on two mutually exclusive sampling frames for rural and

urban areas. The sampling process is available on the DHS

website (https://dhsprogram.com/).

Table 1 summarizes the data used in this study. A total of

1,276,508 households were sampled in the studies, with 71%

representing the rural population and 29% the urban population.

The average number of household members is approximately five

in rural and urban areas, and household heads are 84% male with

an average age of 48 years. Among the polled households in rural

and urban areas of India, 35% and 18% had no education, and

39% and 47% had secondary education, respectively. Only 6% and

20% of the people in rural and urban areas had a higher level of

education. Urban areas comprised 29% and 43% of the richer and

richest households, respectively, while poorest, poorer, and middle-

income households comprised only 10%. In rural areas, 29% of the

population were in the poorest category, 27% were considered to

be in the poorer category, and 22% were in the middle-income

category. The total sample share by social status, such as scheduled

caste, scheduled tribes, other backward castes, and general caste,

was 19%, 20%, 39%, and 22%, respectively. The distribution of the

sample by social status (scheduled caste, scheduled tribes, backward

caste, and general caste) for rural areas were 20%, 23%, 38%, and

19%, respectively, and for urban areas were 17%, 11%, 40%, and

19%, respectively.

3.2. Methodology

This study used multinomial logit models to determine the

correlation and analyze the factors influencing a household’s energy

choice by combining the three periods of data from NFHS, 2005–

2006, 2015–2016, and 2019–2021. This study used energy source
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TABLE 1 Representation and summary of the data used in the study.

Overall Urban Rural

Age of household

head

48.79 48.82 48.78

Household size 4.64 4.48 4.71

Education level

No education 0.30 0.18 0.35

Primary 0.19 0.15 0.20

Secondary 0.41 0.47 0.39

Higher 0.10 0.20 0.06

Income level

Poorest 0.22 0.04 0.29

Poorer 0.21 0.08 0.27

Middle 0.20 0.16 0.22

Richer 0.19 0.29 0.15

Richest 0.18 0.43 0.08

Social status and castes

Scheduled caste 0.19 0.17 0.20

Scheduled tribe 0.20 0.11 0.23

Other backward

castes

0.39 0.40 0.38

General Caste 0.22 0.31 0.19

Household region

Rural 0.71 0.00 1.00

Urban 0.29 1.00 0.00

choices as dependent variables, which included electricity, LPG,

biogas, kerosene, coal lignite, charcoal, straw, and dung. We also

performed a graphical analysis to establish the linkages between

energy choice and wealth, education, and regional differences as

found in rural and urban areas. This study used a multinomial

logit model with exponentiated coefficients, commonly interpreted

as odds ratios, to predict the different energy source choices

jointly. Multinomial logistic regression predicts a categorical choice

of energy sources based on dependent variables over multiple

independent variables.

This multinomial logistic regression is a simple extension of

binary logistic regression that allows for more than two categories

as the outcome variables. Multinomial logistic regression uses

maximum likelihood estimation for categorical choices, such

as binary logistic regression. Therefore, our discrete selection

model implicitly assumes that the household choice of energy

source is mutually exclusive.1 Several existing studies of household

1 These methods are suitable when there are several categories of

dependent variables. Multinomial logistic regression takes the assumptions of

independence among the dependent variable choices, such that the choice

of one category is not related to the selection of another category.

energy choices have considered the demographic composition,

such as age, female-headed household, household size, education

level, wealth status, and a regional dummy of rural and urban

areas (Rahut et al., 2014, 2017b). Thus, this study examines

the importance of several sociodemographic factors in decision-

making for energy consumption.

The multinomial logit model can be expressed by the equation

(1) below:

Pr(Yi = m) =
exp(Zim)

∑M
j=1 exp(Zij)

(1)

The multinomial logit model presented in equation (1) is

indeterminate because it is a system of M equations in only M-1

independent unknowns.

Pr(Yi = 1) =
1

1+
∑M

j=2 exp(Zij)
(2)

Pr(Yi = m) =
exp(Zim)

1+
∑M

j=2 exp(Zij)
m = 2, ...m (3)

Because of normalization, the probabilities are uniquely

determined. Hence, equation (3) represents a system of M-

1 equations in the M-1 unknown probabilities, Pr(Yi = 1),

as defined by equation (2) through the normalization adopted.

Several past studies of household energy choices have considered

logistic regression models as suitable because of the use of

estimation of conditional probabilities (Yi) (Solaymani et al.,

2012; Rahut et al., 2014, 2017b). Therefore, the model that

was designed to investigate the household’s energy choice is

as follows:

Household′s energy choice = f (Age household head,

Age squared, Female headed household,

Household size, Household size squared,

Education level of the household head,

Wealth, Time
(

year
)

,

Social status, States) (4)

yi = α0 + β1(Age)i + β2(Agesq)i + β3(FHH)i + β4(HHS)i

+ β5(HHSSq)i +6
3
i=1ϕs(Edu_HH)s + 64

i=1θh(Wealth)h

+ 63
i=1ψi(Social_group)i + β6(Rural)i +6

3
i=1ψi (time)i

+ 6x
i=1γd(state)d + ζi (5)

In the above model, yi is the dependent variable (primary

cooking fuel), which consists of nine categorical and mutually

exclusive variables: electricity, LPG, biogas, kerosene, coal lignite,

charcoal, straw, dung, and wood. Because the dependent variables

are categorical and mutually exclusive, we estimated a multinomial

logit model, with wood as the base category. Agei and Agesqi are

the age of the household head and its square. FHSs is 1 if the

household head is a woman; otherwise, it is zero.HHSs and HHSSqs
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FIGURE 1

Percentage of households by cooking energy sources and year.

are household size and household size squared. EduHHSs is the

education level of the household head that includes a dummy

variable for primary school level education, a dummy variable

for secondary school level education, and a dummy variable

for higher education, where the base education category is no

formal schooling. The variable Wealthh includes five wealth

categories (poorest, poorer, middle, richer, and richest) with

dummy variables, in which the poorest group is the base category.

Social < uscore > groupi is the dummy variable for caste, which

has four categories, that is, if the household belongs to a scheduled

tribe, scheduled caste, backward caste, and general caste. Rural

is a dummy variable that takes the value 1 for rural households;

otherwise, it takes the value 0. To control for the time effect, we

used a time dummy Timeh for five two-time (NFHS 4 2015–2016,

NFHS 5 2019–2021) dummy variables, in which the NFHS3 2005–

2006 is the base category. Finally, to control for all other spatial

differences, we used state and union territories dummy variables,

which are specified as state in the equation. In Equation (5), α0 is a

scalar, λi,βi, γi, ϕs, θh,ψi and γ d are the parameters to be assessed,

and ζim is the random error term.

4. Results

4.1. Trends and correlation

To capture the temporal variation in the use of cleaner fuels,

we developed Figure 1, which displays the pattern of household

energy consumption. Figure 1 consists of the year as a period
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FIGURE 2

Percentage of households by cooking energy sources and level of education.

on the horizontal x-axis and energy use as a percentage on

the vertical y-axis. Figure 1 shows the patterns of overall energy

consumption for the last 1.5 decades at the national, urban,

and rural levels. First, the overall graph shows that ∼10% of

households use kerosene, straw, and dung as primary cooking

energy sources, which gradually decreases to <5% in 2019–2021.

However, the use of coal, coal lignite, and electricity has remained

constant over the last 15 years. Wood as a source of cooking fuel

declined from 44% in 2005–2006 to approximately 38% in the

period 2019–2021, while the percentage of families consuming gas

gradually increased from approximately 35.5% in 2005–2006 to

51.6% in 2019–2021, highlighting the significant progress achieved

by India in its transition toward cleaner energy cooking fuel at the

household level.

Similar patterns and trends are observed in rural and urban

areas, but the proportion of energy shares varies between these

regions. For instance, in rural areas, the percentage of households

using gas as a primary energy source increased from 11% to 39%

and in urban areas from 63% to 86% between 2005–2006 and 2019–

2021. These results show that, in both rural and urban areas, the

increase in the use of LPG as a source of cooking fuel is more than

20%. During the same period, the percentage of households using

wood as the source of cooking energy declined from 17% to 8%

in urban areas, while it declined from 68% to 48% in rural areas.

Overall, these results confirm that the use of clean cooking energy

increased in both rural and urban areas of India over 15 years.

The cooking energy choice and its correlation with education

by year are presented in Figure 2. Figure 2 shows that the

percentage of households using LPG increases with an increase in

the education levels of the household head for all periods under

study (i.e., 2005–2006, 2015–2016, and 2019–2021). For instance,

the percentage of households using LPG was 11%, 17%, and 36%

for households with no education in 2005–2006, 2015–2016, and

2019–2021, respectively, but it was 84%, 78%, and 83% for the

households with higher education, respectively. We also examined

the correlation between cooking energy sources and education

levels for rural and urban areas separately and found a similar trend,

i.e., with the increase in education, the percentage of households

using clean energy increases for all the years, and its percentage

increases both in the rural and urban area (Appendix Figures 1, 2).
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FIGURE 3

Percentage of households by cooking energy sources and wealth category.

In the period 2019–2021, in urban areas, the use of LPG gas and

wood by households with higher education or university is above

90% and<2%, respectively, while in rural areas, it is approximately

60% and 20%, respectively. Over the decades, from 2005–2006,

2015–2016, and 2019–2021, the percentage of households using

LPG increased by more than three times, even among households

in the no-education cohort.

Figure 2 confirms that there has been a shift toward cleaner

energy over the last 1.5 decades. Analysis shows that education

level has a positive relationship with clean energy sources. Another

notable factor is the wealth of the households. Figure 3 shows

the percentage of households using different energy sources by

wealth category. First, it examines the patterns of usage of different

sources of energy for the years 2005–2006, 2015–2016, and 2019–

2021. More than 80% of the wealthiest households (i.e., the richest

category) use LPG, while only about 10% of the poorest households

use it. Among the poorest households, more than 70% use firewood;

this has been relatively constant over the decades. However, the

use of other dirty energy sources, such as straw and dung, has

sharply declined over the decades. Supplementary Figures S3, S4

in Appendix represent the percentage of households by cooking

energy sources and economic status for urban and rural areas.

During the period 2019–2021, in urban areas, the use of LPG

gas and wood by the wealthy household cohort, i.e., the richest,

was above 95% and <1%, respectively, while in rural areas, it was

approximately 85% and 9%, respectively. In summary, Figure 3

visually shows that wealth is necessary to transition toward clean

energy consumption. Over the decades, poverty has decreased, and

households are shifting toward consuming clean energy sources.

4.2. Regression analysis

The results of the multinomial logit model estimation on the

determinants of the household choice of different energy sources

for cooking are reported in Table 2. Overall, the model estimation
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is highly significant with the likelihood-ratio chi-squared test as

goodness-of-fit, which is significant (χ²= 1,264,140.62, p< 0.000).

This indicates that the model predicts significantly better or more

accurately than the null model. If the odds ratio is greater than one,

it indicates the occurrence of the outcome is highly likely for that

category, and if it is<1, the outcome is less likely to occur compared

to the reference group.

The coefficients of independent variables, such as “age of the

household head”, are significant at the 1% level and positively

correlated with the use of dung as fuel, holding other factors

constant. These results show that the age of the household head

is positively correlated with the use of dung as fuel, while the

likelihood of consuming traditional energy sources decreases with

the age of the household head. Households with a female head

are more likely to consume a clean energy source, such as LPG.

The positive and significant relationship between female-headed

households and the choice of LPG for cooking indicates that female

members prefer gas because it is convenient for them, and they are

responsible for managing the energy source for cooking. We also

noted that female-headed households are less likely to use dung

as fuel.

Similarly, household size also plays a role in energy choices, as

the likelihood of use of straw and dung increases as the number

of household members increases, while the consumption of other

modern fuels decreases. The results also show that households with

more family members rely on traditional energy sources such as

straw and dungmore than those with small family sizes. Household

size with more family members means more labor available to

collect fuelwood. Overall, this finding is consistent with other

empirical studies that have observed that age and gender factors

are important in access to affordable and clean energy (Joon et al.,

2009; Rahut et al., 2016; Mottaleb and Rahut, 2021; Zi et al., 2021;

Mottaleb et al., 2022).

This study also found that the education level of the household

head plays a significant role in choosing clean energy sources.

The result shows that, compared to household heads with no

formal education, household heads with a primary education

level are more likely to consume LPG. The results show that,

with an increase in the level of education of the household

head to secondary and higher education groups, the likelihood of

households using electricity, LPG, and biogas increases, and these

results are significant at the 1% level. The results imply that the

household head’s education level positively influences clean energy

choice. These findings are also consistent with other studies in

developing countries (Pandey and Chaubal, 2011; Rahut et al.,

2016).

The wealth status of households also plays a significant role

in the energy source used for cooking. The wealth status of

households is divided into five categories: poorest, poorer, middle,

richer, and richest. The odds ratios for the use of electricity,

LPG, biogas, kerosene, coal lignite, charcoal, and dung for poorer

households compared to the poorest ones are 5.05, 6.08, 2.12, 1.90,

2.84, 1.55, and 1.39, respectively, and significant at the 1% level.

Poorer households are less likely to use clean energy sources than

wealthier households, and the results indicate the importance of

household wealth/income on energy choice. Similar results were

obtained for other wealth groups, such as middle-income and the

richest. Overall, the results imply that wealth/income level plays

a significant role in the transition toward clean energy usage.

These findings are also consistent with other studies in developing

countries (Rahut et al., 2016; Ravindra et al., 2019; Pallegedara et al.,

2021).

Rural households are less likely to use electricity, LPG, and

biogas as cooking energy sources than urban households because

they are isolated and have limited financial resources and access

to modern energy sources. Studies on energy choice in developing

countries have found similar results (Pachauri, 2004; Pachauri and

Jiang, 2008). These studies have claimed that variables such as

distance to market are negatively associated with using electricity,

LPG, and kerosene. Similarly, social status, such as caste, plays a

crucial role in cooking energy choice. The scheduled caste and

tribe are more likely to use charcoal, coal lignite, kerosene, and

dung and are less likely to use electricity, LPG, and biogas as

sources of energy for cooking. At the state level, 19 states are

more likely to consume biogas and coal lignite. It seems clear

from the results that electricity usage as the primary energy

source for cooking in several states is not significant, unlike straw

and dung.

Compared to the base year 2005–2006, in 2015–2016 the odds

ratios for electricity, LPG, biogas, and charcoal are 4.42, 1.19,

3.12, and 1.47, respectively. Similarly, compared to the base year

2005–2006, in 2019–2021, the odds ratios for electricity, LPG,

biogas, and charcoal consumption are 17.16, 19.00, 5.06, and 3.24,

respectively. These results are significant at the 1% level and

indicate that households are moving toward cleaner energy sources

over time. These results are consistent with the graphical trends

presented earlier.

5. Conclusion and discussion

The study explores various factors that influence the choice of

energy sources for cooking in households in India. It shows the

trends of household energy consumption by using a multinomial

logit model that employs the three periods of the National

Household Family Survey (NHFS3, NHFS4, and NHFS5) data. The

descriptive analyses of trends and household energy consumption

patterns show that, from 2005–2006 and 2015-2016 to 2019–

2021, a substantial number of households in India switched

toward cleaner energy sources, such as LPG and electricity. The

results of the multinomial logit model find that the gender

of the household head, education level of the household head,

location (rural or urban area), wealth, and state characteristics

are important determining factors that affect a household’s energy

choices. The results suggest that households with female heads

and higher education levels are more likely to use clean energy

sources such as LPG, while larger family households are more

likely to rely on traditional energy sources such as straw and

dung. The wealth/income of the households helps them choose

clean energy sources, indicating that, with an increase in income,

affordability of clean energy, and accessibility to clean energy,

thereby enabling households to switch to clean energy sources.

Additionally, rural households have limited access to modern

energy sources compared to urban households, and social status,

such as caste, also affects energy choice. Overall, the study

shows that, over time, households (urban and rural) in India are

Frontiers in Environmental Economics 08 frontiersin.org

https://doi.org/10.3389/frevc.2023.1137248
https://www.frontiersin.org/journals/environmental-economics
https://www.frontiersin.org


Timilsina et al. 10.3389/frevc.2023.1137248

TABLE 2 Empirical result using multinomial logit to examine the factors influencing the primary fuel choice (odds ratio).

Electricity LPG Biogas Kerosene Coal
lignite

Charcoal Straw Dung

Age household head 0.966∗∗∗ 0.976∗∗∗ 0.995 0.948∗∗∗ 0.993∗ 0.988∗∗∗ 0.988∗∗∗ 1.012∗∗∗

(0.004) (0.001) (0.006) (0.003) (0.004) (0.005) (0.002) (0.002)

Age head squared 1.000∗∗∗ 1.000∗∗∗ 1.000 1.000∗∗∗ 1.000 1.000 1.000∗∗∗ 1.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Female-headed

household

1.026 1.215∗∗∗ 0.950 0.986 0.967 1.028 1.114∗∗ 0.938∗∗∗

(0.032) (0.010) (0.041) (0.026) (0.028) (0.031) (0.017) (0.013)

Household size 0.791∗∗∗ 0.778∗∗∗ 0.895∗∗∗ 0.683∗∗∗ 0.952∗∗∗ 0.930∗∗∗ 1.029∗∗∗ 1.057∗∗∗

(0.010) (0.003) (0.015) (0.006) (0.011) (0.012) (0.007) (0.005)

Household size squared 1.007∗∗∗ 1.005∗∗∗ 1.002 1.013∗∗∗ 1.002∗∗ 1.003∗∗∗ 0.998∗∗∗ 0.997∗∗∗

(0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000)

Base: no education

Primary education 0.932∗∗ 1.074∗∗∗ 0.974 0.995 0.961 1.006 0.916∗∗∗ 0.957∗∗∗

(0.033) (0.010) (0.045) (0.026) (0.027) (0.031) (0.014) (0.013)

Secondary education 1.018 1.259∗∗∗ 1.239∗∗∗ 0.994 0.935∗∗∗ 0.944∗∗ 0.806∗∗∗ 1.048∗∗∗

(0.029) (0.010) (0.050) (0.025) (0.023) (0.027) (0.012) (0.012)

Higher education 1.619∗∗∗ 1.791∗∗∗ 1.943∗∗∗ 0.913∗ 0.746∗∗∗ 0.811∗∗∗ 0.767∗∗ 0.930∗∗∗

(0.065) (0.025) (0.107) (0.045) (0.040) (0.052) (0.028) (0.023)

Base: poorest

Poorer 5.056∗∗∗ 6.080∗∗∗ 2.127∗∗∗ 1.902∗∗∗ 2.841∗∗∗ 1.557∗∗∗ 0.819∗∗∗ 1.391∗∗∗

(0.282) (0.074) (0.138) (0.065) (0.079) (0.045) (0.011) (0.016)

Middle 15.938∗∗∗ 26.981∗∗∗ 6.040∗∗∗ 3.235∗∗∗ 4.437∗∗∗ 2.135∗∗∗ 0.683∗∗∗ 1.545∗∗∗

(0.874) (0.335) (0.377) (0.111) (0.138) (0.071) (0.013) (0.022)

Richer 52.513∗∗∗ 137.859∗∗∗ 24.879∗∗∗ 5.048∗∗∗ 5.438∗∗∗ 2.671∗∗∗ 0.742∗∗ 2.043∗∗∗

(2.973) (1.916) (1.593) (0.191) (0.210) (0.122) (0.019) (0.038)

Richest 164.657∗∗∗ 1,013.093∗∗∗ 127.484∗∗∗ 2.108∗∗∗ 3.326∗∗∗ 2.628∗∗∗ 1.026∗∗ 2.934∗∗∗

(10.415) (18.518) (9.175) (0.133) (0.232) (0.231) (0.039) (0.080)

Base: NFHS3 2005–2006

NFHS 4 2015–2016 4.427∗∗∗ 4.192∗∗∗ 3.121∗∗∗ 0.413∗∗∗ 0.785∗∗∗ 1.476∗∗∗ 0.513∗∗∗ 0.644∗∗∗

(0.225) (0.052) (0.167) (0.010) (0.025) (0.071) (0.009) (0.011)

NFHS 5 2019–2021 17.167∗∗∗ 19.005∗∗∗ 5.065∗∗∗ 0.385∗∗∗ 0.969 3.241∗∗∗ 0.368∗∗∗ 0.423∗∗∗

(0.876) (0.252) (0.288) (0.011) (0.033) (0.158) (0.007) (0.007)

Base: general caste

Caste: SC 0.831∗∗∗ 0.972∗∗∗ 0.753∗∗∗ 0.818∗∗∗ 1.137∗∗∗ 1.067∗ 0.818∗∗∗ 1.001∗∗∗

(0.027) (0.009) (0.035) (0.023) (0.036) (0.040) (0.014) (0.015)

Caste: ST 0.691∗∗∗ 0.784∗∗∗ 0.677∗∗∗ 0.595∗∗∗ 0.723∗∗∗ 0.836∗∗∗ 0.520∗∗∗ 0.343∗∗∗

(0.025) (0.009) (0.042) (0.021) (0.026) (0.033) (0.012) (0.010)

Caste: OBC 0.694∗∗∗ 0.842∗∗∗ 0.825∗∗∗ 0.651∗∗∗ 0.999 0.941∗ 0.799∗∗∗ 1.264∗∗

(0.021) (0.007) (0.031) (0.017) (0.029) (0.032) (0.013) (0.017)

Rural 0.187∗∗∗ 0.209∗∗∗ 0.539∗∗∗ 0.100∗∗∗ 0.150∗∗∗ 0.294∗∗∗ 1.975∗∗ 1.480∗∗

(0.004) (0.002) (0.018) (0.002) (0.003) (0.008) (0.047) (0.025)

(Continued)
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TABLE 2 (Continued)

Electricity LPG Biogas Kerosene Coal
lignite

Charcoal Straw Dung

States

Jammu and Kashmir 2.203∗∗∗ 0.133∗∗∗ 2.142 0.228∗∗∗ 1.864∗ 0.681 0.210∗ 0.185∗∗

(0.204) (0.008) (1.104) (0.023) (0.637) (0.197) (0.069) (0.023)

Himachal Pradesh 0.078∗∗∗ 0.055∗∗∗ 0.407∗ 0.145∗∗∗ 0.685 0.076∗∗∗ 0.057∗∗ 0.030∗∗∗

(0.009) (0.003) (0.217) (0.014) (0.249) (0.029) (0.022) (0.005)

Punjab 0.113∗∗∗ 0.112∗∗∗ 3.917∗∗∗ 0.156∗∗∗ 7.317∗∗∗ 1.655∗ 6.378 3.084

(0.012) (0.007) (1.986) (0.016) (2.387) (0.467) (1.965) (0.357)

Chandigarh 0.000 0.310∗∗∗ 0.000 0.422∗∗∗ 0.000 0.489 15.610 0.000∗∗∗

(0.000) (0.057) (0.000) (0.146) (0.000) (0.512) (6.833) (0.000)

Uttarakhand 0.049∗∗∗ 0.083∗∗∗ 1.893 0.067∗∗∗ 0.245∗∗∗ 0.097∗∗∗ 0.127∗∗ 0.069∗∗∗

(0.006) (0.005) (0.967) (0.008) (0.097) (0.033) (0.042) (0.009)

Haryana 0.032∗∗∗ 0.045∗∗∗ 1.780 0.017∗∗∗ 1.513 0.437∗∗∗ 9.549 1.273

(0.004) (0.003) (0.903) (0.003) (0.504) (0.127) (2.932) (0.147)

Rajasthan 0.031∗∗∗ 0.065∗∗∗ 0.972 0.037∗∗∗ 0.483∗∗ 0.189∗∗∗ 4.459 0.180∗∗

(0.004) (0.004) (0.496) (0.004) (0.164) (0.055) (1.368) (0.021)

Uttar Pradesh 0.149∗∗∗ 0.283∗∗∗ 2.172 0.093∗∗∗ 2.297∗∗∗ 0.958 2.272 3.095

(0.015) (0.016) (1.103) (0.008) (0.744) (0.264) (0.697) (0.354)

Bihar 0.121∗∗∗ 0.694∗∗∗ 10.399∗∗∗ 0.140∗∗∗ 10.892∗∗∗ 2.834∗∗∗ 25.905 8.381

(0.017) (0.040) (5.295) (0.016) (3.533) (0.784) (7.945) (0.961)

Sikkim 0.280∗∗∗ 0.267∗∗∗ 0.614 0.418∗∗∗ 2.635∗∗∗ 0.814 0.011∗∗∗ 0.000∗∗∗

(0.037) (0.017) (0.387) (0.044) (0.942) (0.257) (0.011) (0.000)

Arunachal 0.290∗∗∗ 0.322∗∗∗ 3.460∗∗ 0.052∗∗∗ 1.211 1.240 0.109∗∗ 0.003∗∗∗

Pradesh (0.032) (0.019) (1.792) (0.008) (0.424) (0.349) (0.038) (0.002)

Nagaland 0.254∗∗∗ 0.081∗∗∗ 2.163 0.037∗∗∗ 0.026∗∗∗ 0.074∗∗∗ 0.038∗∗ 0.001∗∗∗

(0.027) (0.005) (1.122) (0.004) (0.021) (0.027) (0.016) (0.001)

Manipur 0.385∗∗∗ 0.303∗∗∗ 2.632∗ 0.017∗∗∗ 0.343∗∗∗ 7.087∗∗∗ 0.069∗∗ 0.005∗∗∗

(0.042) (0.018) (1.378) (0.003) (0.138) (1.950) (0.027) (0.002)

Mizoram 0.204∗∗∗ 0.347∗∗∗ 4.697∗∗∗ 0.592∗∗∗ 0.333∗∗ 1.383 0.018∗∗∗ 0.000∗∗∗

(0.026) (0.021) (2.441) (0.055) (0.159) (0.402) (0.014) (0.000)

Tripura 0.055∗∗∗ 0.233∗∗∗ 0.688 0.465∗∗∗ 4.264∗∗∗ 0.691 0.812 0.000∗∗∗

(0.013) (0.015) (0.446) (0.043) (1.433) (0.208) (0.258) (0.000)

Meghalaya 0.751∗∗∗ 0.075∗∗∗ 11.037∗∗∗ 0.474∗∗∗ 0.714 3.012∗∗∗ 0.141∗∗ 0.000∗∗∗

(0.077) (0.005) (5.633) (0.043) (0.268) (0.837) (0.050) (0.000)

Assam 0.088∗∗∗ 0.241∗∗∗ 2.640∗ 0.217∗∗∗ 0.496∗∗ 0.332∗∗∗ 0.912 0.036∗∗∗

(0.011) (0.014) (1.357) (0.019) (0.178) (0.096) (0.281) (0.005)

West Bengal 0.039∗∗∗ 0.187∗∗∗ 7.996∗∗∗ 0.575∗∗∗ 26.792∗∗∗ 2.444∗∗∗ 15.592 0.772∗

(0.007) (0.011) (4.070) (0.045) (8.624) (0.678) (4.783) (0.091)

Jharkhand 0.258∗∗∗ 0.180∗∗∗ 3.347∗∗ 0.091∗∗∗ 92.774∗∗∗ 3.657∗∗∗ 1.002 0.561

(0.028) (0.011) (1.717) (0.010) (29.811) (1.006) (0.309) (0.066)

Odisha 0.322∗∗∗ 0.108∗∗∗ 5.654∗∗∗ 0.144∗∗∗ 7.463∗∗∗ 0.974 3.326 0.319∗∗

(0.031) (0.006) (2.864) (0.013) (2.408) (0.270) (1.021) (0.037)
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TABLE 2 (Continued)

Electricity LPG Biogas Kerosene Coal
lignite

Charcoal Straw Dung

Chhattisgarh 0.115∗∗∗ 0.072∗∗∗ 1.530 0.100∗∗∗ 6.894∗∗∗ 0.609∗ 0.043∗∗ 0.207∗∗

(0.012) (0.004) (0.786) (0.009) (2.226) (0.171) (0.015) (0.025)

Madhya Pradesh 0.085∗∗∗ 0.121∗∗∗ 3.261∗∗ 0.130∗∗∗ 1.974∗∗ 0.786 0.608 0.520∗

(0.009) (0.007) (1.651) (0.011) (0.640) (0.217) (0.187) (0.060)

Gujarat 0.079∗∗∗ 0.161∗∗∗ 2.700∗∗ 0.394∗∗∗ 3.107∗∗∗ 1.073 0.703 0.032∗∗∗

(0.009) (0.009) (1.374) (0.032) (1.015) (0.299) (0.219) (0.005)

Maharashtra 0.243∗∗∗ 0.378∗∗∗ 7.776∗∗∗ 0.651∗∗∗ 6.709∗∗∗ 2.400∗∗∗ 1.566 0.020∗∗∗

(0.025) (0.022) (3.936) (0.049) (2.169) (0.662) (0.483) (0.003)

Andhra Pradesh 0.221∗∗∗ 0.525∗∗∗ 5.895∗∗∗ 0.498∗∗∗ 1.782∗ 1.818∗∗ 1.215 0.024∗∗∗

(0.027) (0.031) (3.025) (0.041) (0.607) (0.513) (0.379) (0.005)

Karnataka 0.162∗∗∗ 0.360∗∗∗ 11.975∗∗∗ 0.439∗∗∗ 2.859∗∗∗ 0.898 0.803 0.002∗∗∗

(0.018) (0.021) (6.058) (0.035) (0.935) (0.252) (0.249) (0.001)

Goa 0.259∗∗∗ 0.254∗∗∗ 2.269 0.294∗∗∗ 0.714 0.698 0.087∗∗ 0.000∗∗∗

(0.047) (0.019) (1.288) (0.034) (0.355) (0.285) (0.047) (0.000)

Kerala 0.024∗∗∗ 0.043∗∗∗ 1.150 0.033∗∗∗ 0.159∗∗∗ 0.206∗∗∗ 2.669 0.000∗∗∗

(0.003) (0.003) (0.587) (0.004) (0.068) (0.065) (0.825) (0.000)

Tamil Nadu 0.241∗∗∗ 0.515∗∗∗ 27.625∗∗∗ 0.814∗∗∗ 0.819 1.203 2.671 0.005∗∗∗

(0.025) (0.030) (13.949) (0.062) (0.282) (0.337) (0.822) (0.001)

Telangana 0.471∗∗∗ 1.792∗∗∗ 6.606∗∗∗ 0.829∗ 11.439∗∗∗ 4.327∗∗∗ 1.312 0.019∗∗∗

(0.057) (0.106) (3.465) (0.085) (3.790) (1.212) (0.417) (0.006)

Pondicherry 0.446∗∗∗ 0.452∗∗∗ 21.114∗∗∗ 0.465∗∗∗ 0.525 0.768 3.171 0.008∗∗∗

(0.069) (0.035) (10.959) (0.072) (0.347) (0.314) (1.085) (0.008)

Other states 0.899 0.287∗∗∗ 1.790 2.560∗∗∗ 0.905 1.258∗∗ 1.053 0.059∗∗

(0.095) (0.018) (0.997) (0.218) (0.399) (0.380) (0.348) (0.015)

Constant 0.036∗∗∗ 0.409∗∗∗ 0.000∗∗∗ 11.720∗∗∗ 0.012∗∗∗ 0.024∗∗∗ 0.063∗∗ 0.085∗∗

(0.005) (0.027) (0.000) (1.321) (0.004) (0.007) (0.020) (0.011)

# observations 1,276,508

LR chi2(400) 1,264,140.62

Prob> chi2 0.00000

Pseudo R2 0.4155

Log-likelihood −889,195.06

∗ , ∗∗ , and ∗∗∗refer to the 10, 5, and 1% level of significance. Standard error is shown in parenthesis. If the odds ratio is greater than one, it indicates a positive association, and if the odds ratio is

<1, it indicates a negative association.

transitioning toward cleaner energy sources. The study results

have important implications for policymakers in India who seek

to promote the use of clean energy sources, particularly among

disadvantaged groups.

The study indicates that there has been a significant shift,

even in poor and rural households, toward cleaner energy

consumption in India over the last two decades. The study

highlights that households have moved away from traditional

dirty energy sources such as biomass and are using more efficient

energy sources such as LPG and electricity. However, these

results suggest that low-income families manage their energy

requirements by collecting firewood from forests and other

common energy resources in their localities. Thus, the study

indicates that increasing income levels drive this shift in clean

energy use. Beside wealth, this study also found that education

is a significant driver of using clean energy sources. Education
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of the household head emerges as a prominent determinant

for using cleaner energy sources. Households with female heads

tend to use clean energy because LPG and electricity are more

convenient to use, and thereby female heads of households help

households switch to clean energy. Overall, the findings highlight

the need for policies that address the diverse factors influencing

energy choice and promote the use of clean energy sources

in households.

5.1. Future recommendations, policy
implications, and limitations

By examining the data over 15 years from 2005–2006 to 2019–

2021, we concluded that India has made significant progress in

the transition to clean energy in both rural and urban areas,

and that factors such as wealth, education, and gender play an

important role in the transition to clean energy sources. To

realize the ambition and commitment toward zero emissions, a

country such as India has to emphasize the policy upfront to

encourage the adoption of promising low-emission or clean energy

sources for rural households and energy-poor states. National

commitments can be achievable if interventions consider social

and cultural factors that influence energy choices, along with

infrastructural, technical, and economic aspects. Thus, we suggest

designing policies for government interventions by focusing

on the areas highlighted in this article. In low-middle-income

countries, users are ready to shift, but more clean energy options

are required.

The policy implications from the study are that increasing

income levels and education can lead to a shift toward

cleaner energy consumption in households. Therefore, policies

that promote economic growth and education can lead to a

reduction in greenhouse gas emissions from household energy

consumption. Additionally, policies that subsidize cleaner energy

sources such as LPG and electricity can make them more

accessible and affordable for lower-income households. The study

highlights the importance of targeting policies toward the poorer

sections of society to ensure that they have access to cleaner

energy sources.

Finally, we have noted some limitations and future avenues

for research. The results of this research have been based

mainly on NFHS survey data and lack the observed behavioral

data. Therefore, future studies should be able to analyze

behavioral and qualitative data to detail how and why individuals

make decisions to use particular energy sources. By doing

so, we will be able to identify the precise mechanism of

interventions and identify effective policy along with economic

and psychological factors. These caveats notwithstanding, we

believe that this study is an important step in understanding

energy transition in the last 15 years, and we hope that

further studies will suggest something new to enhance energy

sustainability and cleaner use of energy sources in low- andmiddle-

income countries.
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