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Abstract: Interventions in the clean cooking sector have focused on improved biomass stoves in a bid
to address household air pollution (HAP) in low- and middle-income countries. These initiatives have
not delivered adequate health and environmental benefits owing to the less than optimal performance
of improved biomass stoves. There is an urgency to transition communities to cleaner cooking systems
such as liquefied petroleum gas (LPG) to reduce the prevalence of HAP. Adoption of LPG also has
challenges. This case-control cross-sectional study with 510 households examines how affordability,
accessibility, and awareness (3As) are associated with LPG adoption in rural poor households of
Andhra Pradesh, a state of India. Using binomial logistic regression analyses, the study examines
the association of 3As with LPG adoption, adjusting for demographic predictors. Results show
disparities in LPG adoption owing to affordability, accessibility, and awareness. Household income
is positively associated with LPG adoption. Easy availability of biomass deters households from
adopting LPG. Concerns for LPG safety reduces likelihood of LPG adoption. On the other hand,
attending awareness campaigns on clean cooking benefits is strongly associated with LPG adoption.
Awareness drives, primarily targeted marketing campaigns, could help expand LPG coverage among
poorer households. This paper offers insights into the determinants of clean fuel adoption with
implications for resource-poor settings across the world to advance energy justice and address
energy poverty.
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1. Introduction

Energy poverty is a crucial problem especially in low- and middle-income countries (LMICs) such
as India, with rural poor households particularly impacted by this challenge [1]. Household air pollution
(HAP) is a direct consequence of energy poverty in these communities. Adoption and sustained use of
liquefied petroleum gas (LPG) are central to addressing HAP in rural poor communities of India and
key to achieving energy justice and advancing the Sustainable Development Goals [2—4].

In the context of this study, adoption is defined as the presence of an LPG stove in a household
(not necessarily its use or disuse) [5-8]. Evidence shows that high cost of LPG connection and refills,
sometimes beyond communities” affordability, prevents adoption and sustained use. Adoption and
sustained use of LPG are crucial for securing health and environmental benefits of cleaner cooking
especially in resource-poor settings [9-11]. Considerable evidence exists on the relationship between
affordability and adoption of LPG by households. Sustained use indicates the degree to which LPG is
used and integrated into the daily behavior of users [5-7]. Sustained users of LPG are those who make
a complete switch to LPG with no intention of reverting to traditional stoves or fuels [5]. Stackers,
on the other hand, routinely use both LPG and traditional stoves [6].

A review of existing literature shows that research on adoption of LPG has a key deficit.
While a growing number of studies examine LPG adoption and the role that factors of affordability,
accessibility, and awareness (3As) play, there are few that examine all three factors concurrently in
a single model [7,12]. It is critical to study how these known barriers to adoption and sustained use of
cleaner fuels simultaneously impact outcomes so as to identify potential leverage points for policy
interventions. Variables pertaining to affordability, accessibility, and awareness [12], therefore, need to
be analyzed concurrently to examine the key covariates of LPG adoption. The current manuscript fills
this gap in the clean cooking literature.

For this study, the terms affordability, accessibility, and awareness are defined as follows.
Affordability of LPG refers to the capacity of households to pay for LPG services [13]. It is a factor
of household level variables: (1) income; (2) financial autonomy among women to access clean
cooking technologies; (3) membership with self-help groups (SHGs); and (4) government policies
on LPG subsidies [14,15]. Accessibility of LPG indicates factors impacting a household’s ability to
procure LPG cylinders (tanks) and stoves when needed. Accessibility includes the following variables:
(1) distance to rural LPG distribution center; (2) road connectivity from habitations to local distribution
centers; and (3) accessibility to sources of free biomass. Awareness refers to the degree of knowledge
and perception of LPG adoption and use [16]. Scattered evidence suggests that low information
and rumors on LPG safety issues may act as a deterrent to uptake and use of LPG by these rural
households. Awareness could also be determined by households attending awareness campaigns on
clean cooking [12,17].

Research Questions and Hypothesis

The research presented here is part of a larger case-control study on adoption and sustained
use of LPG in resource-poor settings of rural India. For a detailed protocol of the larger study,
see Kumar et al. [18]. The overall goal of the larger case-control study is to derive new insights on the
reach of LPG among the poor in rural India, factors that influence adoption (initial uptake) and sustained
use of LPG in below poverty line (BPL) households in rural India. The results reported in the current
manuscript focus only on determinants of adoption of LPG (aim 1 of the larger study) [18]. Aim 2 of
the study examines the question of stacking, and its results will be disseminated in subsequent work.

Specifically, the study seeks to understand how rural LPG adopters vary from other rural
households on factors of affordability, accessibility, and awareness (3As) of LPG. To examine the
concurrent association of the 3As on LPG adoption, multiple variables across the 3As are examined.
The following hypotheses based on these variables (Table 1) across the 3As are tested to examine
adoption of LPG.
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Table 1. List of variables and corresponding codes.

Outcome Variable Codes
LPG Adoption 1 =Yes/0 = No
Demographic predictors Codes
Age Years
Marital status 1 =Married/2 = Unmarried (ref)/3 = Divorced/4 = Widow
0 = None (ref)/1 = Below or up to class 4/
Literacy: Highest level of education completed 2 = Class 5 to class 8/3 = Class 9 to class 10/

4 = Class 11 to class 12/5 = College
0 = General (Ref)/1 = Other backward castes (OBC)/
Caste 2 = Scheduled castes/scheduled tribes (SC/ST)/
3 = Other religious minorities

Key predictors
Affordability Codes
Membership of self-help groups (SHGs) 1 =Yes/0 = No

Indian national rupee (INR), squared root transformed

Monthly income of the household .
for normality

Accessibility Codes
Nearest paved road from the household Kilometers (km), square root transformed for normality
Availability of free biomass near the household 1 = Yes/0 = No
Distance of the biomass source Kilometers (km), square root transformed for normality
Preference for smaller LPG cylinders 1 = Yes/2 = No (ref)/3 = Can’t say

1 = Respondent (ref)/2 = Spouse of respondent/

3 = Respondent and spouse of the respondent/
Decision making capacity to purchase new stove 4 = Respondent, spouse of the respondent, and others/
5 = Respondent and other but not the spouse/6 = Others
but not the respondent or the spouse of the respondent

Awareness Codes
Perception of LPG explosion (LPG safety) 1 =Yes/0 = No
Campaigns attended 1 =Yes/0 = No

Note: Ref indicates the reference category for categorical variables with more than two responses. LPG—liquified
petroleum gas.

(1)  Affordability

Hypothesis 1 (H1). Households whose respondents are members of self-help groups (SHG) are more likely to
adopt LPG.

Hypothesis 2 (H2). Households with higher gross income are more likely to adopt LPG.
(2)  Accessibility

Hypothesis 3 (H3). Increased distance to paved roads from a household reduces the likelihood of household
adoption of LPG.

Hypothesis 4 (H4). There is a lower likelihood of LPG adoption when the respondents feel that biomass is easily
available near their households.

Hypothesis 5 (H5). Increase in the distance to the source of biomass from the households increases their
likelihood to adopt LPG.

Hypothesis 6 (H6). There is a lower likelihood to adopt LPG in households when the respondents prefer smaller
LPG cylinders over the larger cylinders in circulation.
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Hypothesis 7 (H7). When women in the households are involved in decision-making around purchasing a new
stove, there is a higher likelihood for that household to adopt LPG.

(3) Awareness

Hypothesis 8 (H8). There is a lower likelihood that households adopt LPG when respondents feel that LPG
cylinders are unsafe.

Hypothesis 9 (H9). Households that attended at least one LPG awareness campaign in person are more likely
to adopt LPG than other households.

2. Materials and Methods

This case-control study was conducted in the rural habitations of Thambalapalle and
Peddamandyam mandals (blocks) in the Chittoor district of Andhra Pradesh state in Southern
India. Using a multistage random sampling, 35 habitations from these two blocks were selected,
and then a total sample of 510 households from these 35 habitations were included. A sample size of
255 households each for case (LPG adopter households) and control (LPG non-adopter households)
was selected. A sample size of 510 households at a 95% confidence level (alpha = 0.05) provided
a statistical power of >80% to examine this aim of the study [18]. Kumar et al., 2017 [18], have published
a protocol paper detailing the approach and sampling for this study.

The inclusion criteria for the study participants were: rural household with an adult female
member (>18 years), woman respondent who was able to provide consent for the study, was the
primary cook of the house, residing in the household for the last 12 months, and planned to reside
in the household for at least 12 months from the date of enrollment for the study. An additional
inclusion criterion for the case group (LPG adopter households) was: household received the first LPG
connection ever in the last 12 months from the date of enrollment in the study.

2.1. Operationalization of Variables

The operationalization of the variables for affordability, accessibility, and awareness is
discussed below.

The construct affordability includes the following two variables: (1) square root of household
monthly income; (2) membership of the respondents in self-help groups (SHGs).

The construct accessibility includes the following five variables: (1) Nearest paved road from the
household: The distance of the nearest paved road from the household is measured in kilometers
(km). The data were provided by the household and triangulated with routine observation by the
enumerators; (2) Preference of the household for smaller LPG cylinders: Tare weight of one LPG
cylinder (tank) used in households is 15.3 kg (kg). When filled with LPG fuel to its capacity, the gross
weight of the LPG cylinder is 29.5 kg. Heavy cylinders are cumbersome to carry from local distribution
agencies to respective rural households. This exacerbates when the households are located in the
interiors of the habitations. Thus, the preference of the household for smaller LPG cylinders is assessed;
(3) Availability of biomass near the household: This variable gauges the perception or mental models of
the respondents on whether the biomass is easily available in proximity to their respective households.
Anecdotal evidence has shown that perception on easy availability of biomass reduces likelihood to
adopt cleaner cooking technologies; (4) Distance to the biomass source from the household: All the
sample households are traditional stove users. Respondents (women) collect biomass from proximal
forests. This variable explores the distance (in km) to the closest biomass source from the respondent’s
household; (5) Autonomy of the respondent (women) on purchasing cooking systems: measured by
administering a standard question on who makes the decision to procure/purchase clean cooking
systems for the households.
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The construct awareness includes two variables: (1) LPG safety: This variable examined the
perception of safety when using LPG. Anecdotal evidence suggests that households that perceive that
LPG cylinders are unsafe have a lower likelihood to adopt LPG; (2) Awareness campaigns: assessed by
respondents having attended at least one in person awareness campaign on clean cooking benefits.

The variables and their corresponding codes (shown in Table 1) across the 3As to assess the
covariates of LPG adoption were adapted from three standard instruments: (1) Demographic Health
Survey (DHS) questionnaires; (2) National Sample Survey Organization (NSSO) of India; and (3) Census
of India 2011 questionnaires.

Data collection for this cross-sectional research was through a structured household adoption
questionnaire. Data were collected for this aim of the larger study during July through November
2016. The questionnaire collected data on social, economic, and demographic characteristics of the
household in addition to eliciting information on affordability, accessibility, and awareness (3As) of LPG.
The binary outcome variable was adoption of LPG at the time of data collection. The outcome variable
was self-reported. The response to the outcome variable was verified by checking the participants’ LPG
log-book received by the LPG distribution agencies. The adoption questionnaire was administered to
all 510 households in the study.

2.2. Data Analysis

Multiple hypotheses were tested to determine the association of affordability, accessibility,
and awareness with adoption of LPG. First, univariate analysis was undertaken to describe the
data and sample as shown in Table 2. Second, two multivariate logistic regression models were
constructed, controlling for the clustering of the data at the habitation level. This was important
so as to cluster standard errors to account for possible community level correlations in explanatory
variables and outcomes. Two regression models were developed (see Table 3). Model 1 included only
demographic predictors. Model 2 included all the predictors of 3As to examine the research hypotheses.
Corresponding Akaike’s Information Criteria (AIC), Bayesian Information Criteria (BIC), and pseudo
R? were calculated to assess relative fit and model comparison among the two regression models.
The alpha value or the significance level for this study is fixed at 0.05. Predictors with p-values below
0.05 were considered statistically significant for this study. Stata SE 15.1 was used for all statistical
analyses. Sensitivity analysis indicated that multilevel modeling was not adequate. The proportion
of variability explained at the second level indicated a poor fit of the model [Intraclass Correlation
Coefficient (ICC) for the conditional and full model was 0.17] [19].

A forward selection stepwise regression approach was utilized. This approach involves sequential
addition of variables based on pre-defined criteria (i.e., the set of hypotheses for this manuscript) until
a final model is built. For this analysis, stepwise regression was useful in two ways: (1) to explore the
association of affordability, accessibility, and awareness (3As), while adjusting for the demographic
variables; and (2) to examine the relative contribution of 3As when all the measures of 3As were
included in the model, while adjusting for the demographic variables compared to a model with
only demographics.
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Table 2. Univariate analysis of outcome and predictor variables (N = 510).

Variables Mean (Standard Deviation)  Percent of Response (Frequency)

Outcome variable

LPG Adoption

Yes 50% (255)
No 50% (255)
Independent variables Mean (Standard Deviation)  Percent of Response (Frequency)
Demographic
Age 40.34 (13.32)
Marital Status
Married 87.25% (445)
Unmarried 0.58% (3)
Widow 12.16% (62)
Literacy: Highest level of education completed
None 65.88% (336)
Below or up to class 4 6.67% (34)
Class 5 to class 8 13.53% (69)
Class 9 to class 10 10.39% (53)
Class 11 to class 12 1.96% (10)
College 1.57% (8)
Caste
General 14.51% (74)
OBC 48.63% (248)
SC/ST 35.88% (183)
Other Religious Minorities 0.98% (5)
Affordability
Membership of SHG
Yes 66.86% (341)
No 33.14% (169)
Monthly income of the household (INR) 2912.69 (2270.64)
Accessibility
Nearest paved road from the household (km) 0.67 (0.98)
Awailability of free biomass near the household
Yes 12.75% (65)
No 87.25% (445)
Distance of biomass source (Km) 2.36 (1.37)
Preference for smaller LPG cylinders
Yes 1.37% (7)
No 92.16% (470)
Can’t say 6.47% (33)
Decision making capacity to purchase new stove
Respondent 28.82% (147)
Spouse of respondent 46.27% (236)
Respondent and spouse of the respondent 20.20% (103)
Respondent, spouse of the respondent, and others 0.98% (5)
Respondent and others but not the spouse 1.96% (10)
Others but not the respondent or the spouse of 1.76% (9)
the respondent
Awareness
Perception of LPG explosion (LPG safety)
Yes 8.82% (45)
No 91.18% (465)
Campaigns Attended
Yes 7.84% (40)
No 92.16% (470)

Note: Response rate of households was 100%. This means that all the households who were approached to
participate in this study consented to be a part of the study.
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Table 3. Binomial logistic regression analyses with outcome variable: LPG adoption (controlled by

clustering of the data at the habitation level).

Model 1

Model 2

OR (95% CI)

OR (95% CI)

Demographic predictors
Age (years)
Marital status (Reference: unmarried)
Married
Widow
Literacy: Highest education of the respondent
(Reference: No education)
Below or up to class 4:
Class 5 to class 8:
Class 9 to class10:
Class 11 to class 12:
College:
Caste (Reference: General)
OBC
SC/ST
Other religious minorities
Affordability
Membership with SHG (Reference: No)
Yes
Square root of Income of the household
INR
Accessibility
Nearest paved from the household (square root)
km
Preference for Smaller LPG cylinders (Reference: Yes)
No
Can’t say

Availability of free biomass near the household (Reference: No)

Yes
Distance of the biomass source (square root)
km
Decision making capacity to purchase new stove
(Reference: Respondent)
Spouse of respondent
Respondent and spouse of the respondent
Respondent, spouse of the respondent, and others
Respondent and others but not the spouse
Others but not the respondent or the spouse of
the respondent
Awareness
Perception of LPG explosion (LPG safety) (Reference: No)
Yes
Campaigns attended (Reference: No)
Yes
Goodness of fit
AIC
BIC
Pseudo R?

0.98 (0.96-0.99) **

1.96 (0.40-10.70)
1.91 (0.28-12.78)

0.60 (0.25-1.42)
0.84 (0.55-1.27)
1.43 (0.71-2.88)
2.10 (0.79-5.57)
1.01 (0.21-4.92)

0.64 (0.28-1.47)
0.11 (0.04-0.29) ***
0.34 (0.04-3.13)

630.31
681.12
0.14

0.99 (0.97-1.01)

10.97 (1.81-66.65) **

10.01(1.37-74.08) **

0.54 (0.17-1.67)
0.79 (0.51-1.26)
1.08 (0.53-2.23)
3.67 (0.34-40.09)
0.74 (0.04-14.93)

0.60 (0.27-1.31)

0.08 (0.28-0.30) ***
0.16 (0.02-1.22) *

1.37 (0.76-2.47)

0.76 (0.52-1.11)

2.00 (0.06-65.94)
0.49 (0.02-15.08)

0.01 (0.001-0.13) ***
1.16 (0.89-1.54)
0.59 (0.39-0.92) *
0.79 (0.43-1.45)

1.27 (0.08-20.52)
1.68 (0.45-6.25)

1.05 (0.25-4.38)

0.125(0.06-0.39) ***

11.68 (2.27-59.84) **

404.35
500.51
0.37

1.0003 (1.00008-1.0005) *

***p <0.001; ** p < 0.01; * p < 0.05; Ref: Non-adoption of LPG.
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3. Results

3.1. Model Comparison

Table 3 provides the results for the logistic regression models. AIC and BIC values help in the
selection of the most fitted model. Model 2 (3As) with lowest AIC (404.35) and BIC values (500.51) is
the best and most fitted model, as supported by the reduction of error of the model. Model 2 tests
the contribution of the affordability, accessibility, and awareness to the variation in LPG adoption,
after adjusting for the demographic predictors and clustering at the habitation level. The discussion
and implications of the study are drawn from model 2.

3.2. Demographic Predictors and LPG Adoption

Caste is significant in model 2 (3As). General caste mainly comprises three classes in the Hindu
Varna system: Brahmins, Kshatriyas, and Vaishyas, considered the least disadvantaged groups.
Scheduled tribes (STs) are traditionally marginalized and are called scheduled tribes as they have been
added under a “schedule” of the constitution of India. Scheduled Castes (SCs) are economically and
socially backward communities. They have also been traditionally marginalized. Other backward
castes or OBCs form a large group that is heterogeneous and is considered by the constitution of
India as being “economically and socially backward”. Adjusting for all other variables in the model,
the predicted odds of SC/ST caste groups to adopt LPG is 92% lower than the General caste groups
(OR = 0.08, 95% CI 0.28-0.30). The predicted odds of other religious minorities to adopt LPG is 84%
lower than the General caste groups (OR = 0.16%, 95% CI 0.02-1.22). OBC groups have no significant
association with LPG adoption. Marital status also has a significant association with LPG adoption.
Married women respondents (OR = 10.97, 95% CI 1.81-66.65) and widowed women respondents
(OR =10.01, 95% CI 1.37-74.08) are more likely to adopt LPG than unmarried women respondents.
Age and literacy status are not significantly associated with LPG adoption in model 2.

3.3. Affordability and LPG Adoption

Membership in SHGs (H1) has no significant association with adoption of LPG. Household Income
(square root transformed) (H2), is significantly associated with LPG adoption; however, the magnitude
of odds ratio is not substantial (OR = 1.0003 95% CI 1.00008-1.00054).

3.4. Accessibility and LPG Adoption

Respondents who perceive that biomass is easily available to them (H4) have a lower likelihood
to adopt LPG by predicted odds of 0.99 compared to those households who perceive that biomass
is not available easily (OR = 0.01, 95% CI 0.001-0.13). Model 2 also shows that if the decision of
purchasing new stove rests with the spouse of the women respondents (H7), then the likelihood to
adopt LPG reduces by 41% (OR: 0.59, 95% CI 0.39-0.92). However, distance to paved roads (H3),
distance to biomass source (H5), and preference for smaller LPG cylinders (H6) are not associated with
LPG adoption.

3.5. Awareness and LPG Adoption

Adjusting for affordability, accessibility, and demographic predictors, association of awareness on
LPG adoption was assessed by two variables: (1) LPG safety: Perception that LPG cylinders explode
and hence are unsafe; and (2) Awareness campaigns attended in-person. Adjusting for other predictors
in the model, respondents who perceived LPG as unsafe (H8) have 88% lower odds of taking up LPG,
compared to those respondents who did not perceive LPG as unsafe (OR = 0.125, 95% CI 0.06-0.39).
Therefore, households that were concerned about LPG cylinder explosions had lower propensity to
adopt LPG. Attending awareness campaigns (H9), on the other hand, is strongly associated with LPG
adoption. Adjusting for other predictors in the model, respondents who attended at least one in-person
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awareness campaign on clean cooking are 11.68 times more likely to adopt LPG than those respondents
who did not attend any awareness campaign on clean cooking (OR = 11.68, 95% CI 2.27-59.84).

4. Discussion

The findings are consistent with previous studies on clean cooking adoption and present further
nuance as the 3As are considered concurrently. As shown in Table 3, LPG adoption is associated
with the 3As, affordability, accessibility, and awareness. Affordability: income of respondents and
income of the households are positively associated with LPG adoption. Likelihood to adopt LPG
decreases if the decision to purchase new stoves rests with the spouse (husbands) of the respondents.
Accessibility: Easy availability of free biomass proximal to households is negatively associated with LPG
adoption. Awareness: Concerns for LPG safety are negatively associated with LPG adoption. However,
participation in awareness campaigns is positively associated with LPG adoption. Our findings
extend the current understanding of the determinants of evidence based cleaner cooking systems by
energy-poor communities.

4.1. Caste and LPG Adoption

Findings show that there are disparities in adoption of LPG between SC/ST households and
the General caste households. This is consistent with findings from earlier clean cooking adoption
studies [13,20-22]. The study sample households were new beneficiaries of national or state level LPG
welfare schemes (Prime Minister’s Ujjwala scheme or Andhra Pradesh state government’s Deepam
scheme). These government-led LPG programs base their implementation criteria on household
income with no explicit motive to benefit a particular caste group. However, the findings suggest
that LPG adoption status, in part, could be explained by the caste of the respective households
even after adjusting for affordability, accessibility, and awareness-related factors. Social inequalities
in rural poor communities exist sometimes despite a lack of inequality in economic status [23].
General caste households leverage their social status, take relatively higher risks, and show a higher
propensity to adopt innovations such as cleaner cooking systems. Adoption of LPG could be seen as
a “class differentiator” [20]. OBC households have a dominant presence among the communities in
the study sites. OBC households in these mandals (blocks) have a relatively stronger representation
in gram panchayats (local self-governments) than SC/ST households and other religious minorities.
Representation of OBCs in local self-governments has reduced social inequality, at least between
the OBCs and the General caste groups, in these communities. However, the inequality persists
between the OBCs and the SC/ST and other religious minorities. This could explain the non-significant
difference in LPG adoption status between General caste households and OBC caste households in
these communities, but a significant difference of SC/ST and other religious minorities from General
caste households in terms of LPG adoption.

4.2. Affordability and LPG Adoption

The findings from the association between income and LPG adoption are consistent with
existing studies on clean cooking adoption [7,20,24-27]. The energy-poor households in these rural
communities experience sporadic livelihood shocks, which impact their income and its regularity [22].
Livelihood risks constrain households from substituting traditional cooking with modern cooking
practices especially when there is limited economic incentive. Adoption of relatively expensive cooking
systems, such as LPG, requires households to have a relatively higher income. [24,28]. The findings
show that higher gross income of households increases the propensity of the households to shift
to LPG. The rate of change in the likelihood of LPG adoption with changes in household income,
however, is low. This shows that: (1) income is a significant but inadequate predictor of LPG adoption;
and (2) likelihood of adoption of LPG is significantly explained by other predictors unrelated to
income. It is, thus, conceivable that while affordability-related measures determine LPG adoption,



Sustainability 2020, 12, 4790 10 of 14

the likelihood of LPG adoption is also significantly explained by other predictors pertaining accessibility
and awareness.

4.3. Accessibility and LPG Adoption

Findings demonstrate that perception regarding easy availability of biomass for cooking impacts
the adoption behavior of respondents. If the respondents feel that the biomass is easily available
proximal to their households, this mental models deter such households from adopting cleaner cooking
systems, such as LPG stoves. Forests are proximal to the study habitations. Hence, there is no variation
in the adoption behavior due to the distance to the biomass source. While the distance to the biomass
source that triggers adoption of LPG might not be relevant, it can still be clearly conceived that
easy accessibility to biomass from proximal forests deters rural households from adopting LPG [29].
The local LPG distribution centers deliver the LPG cylinders to corresponding households. Thus,
distance to proximal paved road from the households was not relevant for the households.

The model also shows that there is a lower likelihood of purchasing new stoves if the decision
rests with the spouse (husband) of the respondents. The responsibility of collecting biomass in rural
households falls primarily on women. Time used in collecting biomass could be utilized in alternative
economic activities, which could lead to overall improved well-being of the household [28]. Even in
cases where opportunities are available, rural households tend to undervalue the loss of opportunity
cost of women’s labor when there is easy and free access to biomass [30]. In addition, discontinuing
biomass positively impacts women’s health and safety. However, women in rural households tend
to prioritize collection of biomass over their health or economic alternatives for a variety of reasons:
(1) lack of adequate awareness of health implications of biomass use; (2) traditional practices dictating
women to shoulder the drudgery of collecting biomass; (3) to save money on cleaner fuels; and (4) lack
of economic opportunities for women in these communities.

4.4. Awareness and LPG Adoption

Anecdotal evidence shows that in rural India, irrespective of affordable and accessible LPG,
adoption is low due to inadequate awareness of cleaner cooking [11,16,31]. Some surmise that gas leaks,
while extremely infrequent, could be fatal due to an LPG cylinder explosion [13]. Suspicion around safety
issues of LPG could contribute to limited adoption among poor households [20,32]. The non-adopters
are concerned about LPG safety and consequences of an LPG explosion. Findings show that this is
indeed a contributing factor in dissuading them from adopting LPG. Awareness generation is a gradual
process but requires targeted efforts. Rural households have an inadequate understanding of LPG safety
protocols that could allay their concerns about its safety. Even though media exposure is pervasive
among rural communities, the findings show that respondents who attended in-person awareness
campaigns are more likely to adopt LPG than the respondents that did not attend such campaigns.
In addition to media as an effective means of communication, in-person awareness campaigns are
crucial [10,13,21,33]. Such campaigns provide personalized demonstrations of effective LPG handling.
They are central in expediting LPG adoption. Targeted campaigns on awareness help communities
gain confidence in LPG, address contextual social barriers, and inform communities on detrimental
effects of HAP [34-37].

4.5. Marginal Effects on LPG Adoption

Our findings demonstrate that the effect of income on LPG adoption is shaped by awareness.
This is clearly illustrated in Figure 1.
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Figure 1. Association of income of households with LPG adoption shaped by awareness.

Figure 1 shows the average (untransformed) monthly income of the household on the X-axis and
the predicted probability of LPG adoption on the Y-axis. There is an overall increased probability of
LPG adoption with increase in household income, but there are some differences owing to different
levels of awareness. Probability of LPG adoption increases with increase in affordability but is shaped
by their level of awareness on LPG. Those respondents who feel that LPG is unsafe and have also not
attended any in-person awareness campaigns are least likely to adopt LPG at all income levels for both
the income variables.

5. Limitations of the Manuscript

There are a few limitations to our study. Each limitation is considered below:

1. Analyses for this study were based on a retrospective design. The retrospective nature of the
study for LPG adopters might have led to decreased response validity due to issues of memory
retention. Recall bias may further limit the accuracy of participants’ responses.

2. The findings are from a case-control study and based on cross-sectional data. Thus, this one single
study has limited implications on generalizability. Typical of a case-control study, findings also
do not establish a causal relationship between independent and dependent variables. However,
this study could be foundational for undertaking a larger longitudinal study on LPG adoption in
energy-poor communities.

3. Both adoption and sustained use of LPG could be a function of affordability, accessibility,
and awareness of BPL rural communities, and are necessary to address challenges of HAP.
The present study focused on the adoption component and analyzed only one of the aims of the
larger study. Results for sustained use and its determinants will be published separately.

4. Implementation studies on adoption and sustained use of evidence based interventions merit
analyses at multiple levels [38,39]. Both individual and community level determinants could be
associated with LPG adoption. This study accounted for individual level factors and explored
35 habitations. Statistical power was low for a multilevel examination.
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6. Conclusions

HAP is a crucial environmental health problem and includes socio-economic and gender
dimensions especially in low- and middle-income countries [12]. This study distills insights into
the reach of LPG among the rural poor communities in India focusing on affordability, accessibility,
and awareness as determinants of LPG adoption to present implications for ensuring energy equity
and justice. While the study focuses on rural India, the findings also have purchase for energy-poor
communities in other countries of the Global South [27,32,40]. This study presents potential intervention
points for practitioners working on energy policy and delivery to address the needs of communities
affected by energy poverty, particularly in LMICs [1]. Further, our findings suggest that such measures
need to be adopted in tandem with interventions that ameliorate long standing socioeconomic
inequalities, as embodied by the UN Sustainable Development Goals framework [4]. Particularly SDG
7, "Ensure access to affordable, reliable, sustainable and modern energy for all” posits that a transition
to clean fuels is critical to tackle energy poverty, with immediate gains in health benefits for women and
children [4,41,42]. Increasing the adoption of clean fuels among the poorest households can therefore
have far-reaching positive returns. Robust policy mechanisms that incentivize the otherwise price
prohibitive switch to LPG, coupled with increased awareness around the need for cleaner cooking,
are pivotal to LPG adoption among the energy-poor in the Global South and to advance energy
justice, an integral component of equitable, sustainable development, and provision of opportunity to
all communities.
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