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Executive summary

In India, many people still rely on fuels such as
charcoal, coal, kerosene, firewood, and agricultural
waste. Using these fuels for cooking causes household
air pollution (HAP), releasing pollutants like carbon
monoxide, nitrogen oxides, and fine particulate

matter (PM) (UNEP 2021). PM2.5 in such a setting
can exceed WHO recommended levels by 100 times
(WHO 2025). Additionally, about 30 per cent of
ambient PM2.5 is attributable to HAP that reaches
outdoor air and contributes significantly to ambient
pollution (Chowdhury et al. 2023; McDuffie et al.
2021). In India, HAP is a leading risk factor for death;
in 2023, it accounted for over 9 lakh deaths, one of the
highest attributable to a single source (SOGA 2025).

Issue Brief

Using these fuels for cooking leads to other negative
externalities on health and the environment (Kar et al.
2019); and it also affects economic growth by reducing
productivity, decreasing labour supply, and increasing
health-care expenditure.

To ease access to clean cooking fuels, the Government
of India (Gol) launched the Pradhan Mantri Ujjwala
Yojana (PMUY) in 2016. Aimed at providing poor
women subsidised liquefied petroleum gas (LPG)
connections, the PMUY has benefited over 105 million
women from economically deprived households
(PPAC 2026).
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Several reports by CEEW and the Press Information
Bureau indicate that sustained usage has been low, due to
the high cost of refills, delays in home delivery, and cultural
preferences (MoPNG 2024; Mani et al. 2021 ; Kar et al.
2024). And 37 per cent of households still rely primarily on
polluting solid fuels—reflecting persistent challenges with
affordability, access, and sustained usage of clean fuels
(NSS 79th Round 2023).

Several studies discuss the need to make LPG affordable,
but little research has been conducted to determine what
price point or price range is acceptable for the primary or
exclusive use of alternative clean cooking fuels such as
LPG, PNG, or electricity, particularly in informal settlement
households,* which represent a particularly underserved
and understudied population in the clean cooking
transition. In 2022, 41 per cent of the urban population
(203 million) lived in informal settlements

(UN-Habitat 2024). However, despite their scale and
distinct socioeconomic and household characteristics,
urban informal settlement households have received
limited attention in the energy access literature (Jha et al.
2021): most studies focus on rural populations or broader
urban samples that fail to capture the specific constraints
faced by the population in informal settlements.

Therefore, this study attempts to address the gap by
examining the fuel use patterns, affordability and

related constraints, perspective on cooking fuels, and
the willingness to pay (WTP) for clean cooking fuels?
among urban informal settlement households across 10
Indian cities. The COVID-19 pandemic also triggered a
significant decline in the use of clean cooking fuels, with
a disproportionate impact on vulnerable populations
(Das et al. 2023). The findings are drawn from a larger
survey of more than 4,000 respondents across urban
informal settlements, migrants and rural households.
The three respondent groups were selected as they
represented the vulnerable population who had higher
likelihood of reverting to solid fuel usage after the
pandemic in 2020. This issue brief presents findings from
1,116 households living in urban informal settlements
across 10 cities in 10 states. Here, we aim to answer
three questions.

-

UN-Habitat defines “informal settlements” as households that lack
secure tenure; neighbourhoods that are cut off from formal basic
services and do not comply with housing/planning standards;

and settlements that are often located in hazardous areas without
municipal permits. It is broadly synonymous with slums, where
households face one or more deprivations, according to UN-
Habitat’s operational definition: inadequate water, sanitation,
living space, housing durability, or tenure security.

N

For the purpose of this brief, “clean cooking fuels” refers to LPG,
PNG or electric cooking. The broader literature has a wider
classification—BLEENS (Biogas, Liquefied Petroleum Gas (LPG),
Electricity, Ethanol, Natural Gas, and Solar). But the additional fuels
fall outside the scope of the present study.
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1. What fuel (or fuel combinations) do households in
informal settlements use for cooking?

2. How much are households in informal settlements
willing to pay to use LPG as an exclusive fuel®?

3. What challenges and enablers influence the choice
of cooking fuel use for urban informal settlement
households?

Findings

1. High penetration of LPG masks stacking behaviour
and informal usage of domestic cylinders

Our study reveals that 70 per cent of urban informal
settlement households use LPG exclusively for

their cooking purposes; 2 per cent use electricity
(exclusively or as a part of their fuel mix); around 12
per cent rely on solid fuel exclusively for cooking;
and the remaining households (16 per cent) display
stacking behaviour with several combinations of
clean and solid fuels (Figure ES1).

While LPG access is widespread among urban
informal settlement households, two important
challenges persist:

a. 16 percent of the total 1,116 respondents stack
LPG with other solid fuels and, as a result, do not
realise the full health benefits of adopting LPG
exclusively (Gould and Urpelainen 2018);

b. Nearly 11 per cent of respondents purchase
cylinders through informal channels such as
kirana stores (small neighbourhood grocery
store) or unauthorised distributors at the price*
of INR 1,040 for each 14.2 kg cylinder. This price
is much higher than the retail price of INR 803
prevailing during the survey (Figure ES2) (based
on retail price in Delhi). By availing LPG through
these unauthorised channels, users also forgo
access to subsidies, doorstep delivery, and safety
guarantees.

5 As per our analysis, exclusive usage is defined as twice the
household size (two cylinders per person per year), which is based
on a baseline cooking energy requirement of 3,500 M)/HH/year
delivered for a 5-person household (Kar et al. 2019), which is
approximately ~700 M]J/ year for an individual.

~

Price is calculated as the median effective price paid for a 14.2 kg
cylinder.
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Figure ES1. About 16% of urban informal settlement households use a mix of clean and solid
cooking fuels (fuel-stack)
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Source: Authors’ analysis.
Note: Primary cooking fuel refers to the cooking fuel used most of the time (in the last 90 days).

Affordability and documentation constrain the
adoption of/exclusive usage of clean cooking
fuels

Cost remains the most consistently cited barrier to
adopting clean cooking fuels, and its burden falls
disproportionately on the low-income households.

Documentation requirements present another
barrier: 31 per cent of informally connected

users reported that they were denied a formal

LPG connection because they did not have the
documents required such as proof of identity, proof
of address (present address in the city), ration
card and bank account details. Another 50 per
cent who use informal LPG connections say they
cannot afford the installation costs of a formal
connection.

The eligibility criteria of the PMUY are women (1)
aged 18 years or older, (2) possessing a ration
card, (3) holding an Aadhaar card, and (4) not
already being a PMUY beneficiary or having a

formal connection from an oil marketing company
(OMC). Around 13 per cent of respondents

are eligible for PMUY but remain unenrolled,
representing a significant and addressable policy
gap. Notably, 40 per cent of respondents (445
respondents) reported receiving subsidy against
their refill and showed markedly higher rates of
exclusive use of clean fuels; 83 per cent of subsidy
recipients were exclusive users of clean fuels,
demonstrating that affordability is a crucial barrier
to the sustained usage of LPG. Additionally, income
irregularity can be a relevant factor in the pattern
of cooking fuel use as 47 per cent of the total
households are engaged in the informal sector and
exclusive use of solid fuels for cooking is highest
among this population (20 per cent of the informal
workers). Households engaged in the informal
sector also show comparatively more fuel stacking
behaviour (21 per cent), a higher share than other
income groups such as formally employed, self-
employed households or households running on
passive income.
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Figure ES2. The price paid by respondents using an informal LPG connection is the highest at
INR 1,040, paying a premium of INR 190 per cylinder
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Note: (a) Although 976 respondents are using LPG, the sample size in the above graph is only 883, as 93
respondents chose ‘Don’t know/Don’'t know how to check’ to the ‘price paid for last 14.2 kg cylinder’ question.
(b) During the survey, the retail price of an LPG cylinder (14.2 kg) was ~INR 803 (considering the retail price for
Delhi). If we consider a PMUY subsidy of INR 300, the effective subsidised price of LPG was INR 503. Presently
(July 2026), the average retail price has increased to INR 942, following 3 price increments: INR 50 price hike
in April 2025, INR 60 price hike in March 2026, and INR 29 price hike in June 2026. As a result, the current
subsidised price for PMUY users is~ INR 642.

Urban informal settlement dwellers’ willingness
to pay reveals their affordability issue

The WTP indicates stated preferences for
domestic cylinder refill prices. To analyse WTP,
households were asked the price they would

be willing to pay for a 14.2 kgs LPG cylinder to
transition to exclusive LPG use. Our study makes
use of the ‘affordability limit’—a price point that
would be affordable for 80 per cent of households
to use LPG exclusively—calculated as the 20th
percentile of the stated WTP for exclusive LPG
use. In other words, if the price of LPG is at the
given price point or lower, 80 per cent of surveyed
respondents self-report that they will move to
exclusive LPG use. Setting the inclusion threshold

any higher would decrease feasibility from a fiscal
standpoint (Figure ES3). Anchoring the analysis to
a 80 per cent threshold instead centres the policy
question on inclusion—at what price point does
moving to exclusive LPG usage become viable for
the vast majority of the urban informal settlement
population.

We observe that the affordability limit varies by
LPG connection types and non-users of LPG—INR
450 for general connection users, INR 400 for
PMUY and users with no formal connection, and at
INR 300 for non-LPG users.
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Figure ES3. The affordability limit varies across different LPG user groups but 80% of the
respondents are willing to use LPG exclusively at INR 400
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Source: Authors’ analysis.

Note: (a) n=1,086; 30 respondents did not respond to the WTP question and were removed from the analysis. (b)
The highlighted value represents the price point affordable to 80 per cent of respondents within each connection
type (General, PMUY, informal, non-user), derived from the 20th percentile of reported willingness to pay for

exclusive use of a 14.2 kg LPG cylinder.

Recommendations

1. Ease documentation requirements.

Documentation requirements remain a primary
structural barrier: 31 per cent of households
without a formal LPG connection were denied

LPG due to insufficient paperwork. To obtain a
formal connection from an OMC, customers are
typically required to present proof of identity, proof
of address, ration card and bank account details
(as per PMUY eligibility criteria). As many informal
settlement dwellers live in non-notified slums, they
may lack legal recognition of their residence. This
can pose a challenge when providing the required
proof of address when applying for a formal LPG
connection.

The OMCs and distributors could provide additional
assistance to households from informal settlements
with the documentation process to obtain a formal
LPG connection. Periodic enrollment drives could
be introduced to reach the remaining households in
urban informal settlements that do not use LPG or
use LPG without a formal connection.

2. Strengthen last-mile delivery infrastructure.

Along with documentation, it would be equally
important to bridge the delivery gap, as informal
users are far less likely to receive doorstep delivery
(21 per cent) than general connection holders

(78 per cent). Strengthening the accountability

of last-mile distributors would directly improve

the reliability of supply for newly formalised
households.

Stronger last-mile delivery infrastructure

as a supply-side intervention by exploring a
differentiated distributors’ commission model for
home delivery (Kar et al. 2024) could meaningfully
extend reach to hard-to-access households that
currently rely on informal channels by necessity.

Design subsidies to reflect actual affordability
thresholds.

The upfront refill cost still remains a barrier,
especially for low-income households. \When
asked to choose between interventions, more
respondents preferred a reduction in upfront cost
compared to buy now pay later option (56 per
cent versus 41 per cent), suggesting subsidies at
the point of purchase could address the irregular



income cycles, liquidity constraints, and present
bias among the households. Deferred payment
alternatives can still play a complementary role,
particularly for households that prefer to smooth
costs over time or face liquidity constraints that
make lump-sum payments at the point of purchase
difficult.

To ease liquidity constraints and break down
payment cycles, households can leverage

India’s digital public infrastructure (DPI) to use
mobile phone-based microsavings and make
micropayments towards LPG distribution systems.
In addition, smaller cylinder sizes—5 kg and 2 kg,
used by 11 per cent of respondents—should be
incentivised as an affordable and flexible entry
point for the sustained adoption of clean fuels.

Build pathways beyond LPG.

Currently, adoption of PNG and electric cooking
is negligible in the sample: no one reported using
PNG, and only 2 per cent of respondents use
electric cooking. The WTP for the two alternative
fuels ranges between INR 250—500 per month
for PNG and INR 100—300 per month for electric
cooking, reflecting that a latent demand exists.

City-level pilots covering urban informal settlement
areas should be prioritised in areas with a stable
electricity supply and an existing LPG user base.
For alternatives like biogas, a lack of space and

Induction cooking presents a viable alternative fuel option, beyond LPG.
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lack of access to feedstock can impede uptake of
such a technology in urban informal settlements.
Additionally, there is also a lack of proper
infrastructure to support piped gas connections

in informal settlements (Mathur 2026). Electric
cooking remains one of the viable options in such
a setting and the households can be provided
with a choice of e-cooking capital subsidy to
PMUY customers to add electric cooking as

part of their clean cooking stack, rather than
substituting LPG completely with electric cooking.
A significant share of respondents report safety
concerns around electric appliances and perceive
electricity as too expensive. City-level pilots that
combine subsidised induction cookstoves with
targeted behaviour change communication (BCC)
interventions would help address both financial
and informational barriers simultaneously. Initial
deployment should target existing clean fuel users
who demonstrate the highest WTP and require the
smallest behavioural shift, followed by scaling the
intervention to households currently dependent on
solid fuels.

Fostering an environment in which households
can realistically transition to clean cooking

fuels requires addressing challenges to access,
adoption, and usage. The government needs to
move beyond only supplying connections for clean
fuels to solutions that incentivise consumers and
account for behavioural changes for sustained
and exclusive use of clean fuels.

x
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1. Why focus on urban informal
settlements?

Globally, access to clean cooking fuels has improved—
from about 64 per cent of the population in 2015 to 74
per centin 2023. Yet, nearly 2.1 billion people rely on
polluting solid fuels—such as charcoal, coal, kerosene,
firewood, and agricultural waste—for cooking (IEA,
IRENA, UNSD, World Bank, WHO 2025).

Using these fuels for cooking causes household air
pollution (HAP) and other negative externalities on
health and the environment (Kar et al. 2019). Burning
solid fuels releases pollutants like carbon monoxide,
nitrogen oxides, and fine particulate matter (PM)
(UNEP 2021).

PM2.5 in such a setting can exceed WHO
recommended levels by 100 times (WHO 2025).
Additionally, approximately 50 per cent of ambient
PM2.5 is attributable to HAP that reaches outdoor air,
making HAP a major contributor to ambient pollution
(Chowdhury et al. 2023; McDuffie et al. 2021). In
2023, HAP accounted for over 9 lakh deaths, one of the
highest attributable to a single source (S0GA 2025).
Diseases attributable to air pollution also affect the
country’s economic growth by reducing productivity,
decreasing labour supply, and increasing health-care

expenditure. As the consequences extend well beyond
the household, to improve household health and
national ambient air quality reduction efforts in India,
households must transition from solid fuels to cleaner
alternatives, like electricity, piped natural gas (PNG),
and liquified petroleum gas (LPG).

India has made significant strides in expanding
access to clean cooking—especially over the past
decade—through the PMUY, which extended LPG
connections to over 105 million women (PPAC 2026)
from economically deprived households, which face
the double burden of higher adult mortality rates and
lower household income and consumption, finds a
study (Dhakad et al. 2023) that uses data from the
India Human Development Survey (IHDS). However, 37
per cent of households still rely primarily on polluting
solid fuels—reflecting persistent challenges with
affordability, access, and sustained usage (NSS 79th
Round 2023).

In 2022, 41 per cent of the country’s urban population
(203 million) lived in informal settlements (UN-
Habitat 2024). In the clean cooking transition in India,
urban informal settlement households represent

a particularly underserved and understudied
population. However, despite their scale and distinct
socioeconomic and household characteristics,

urban informal settlement households have received

Enumerators collected data from households across 10 cities, and the survey covered over 100 questions.
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limited attention in the energy access literature (Jha
etal. 2021): most studies focus on rural populations
or broader urban samples that fail to capture the
specific constraints faced by households in informal
settlements.

Across urban informal settlements in six major

Indian states—Bihar, Uttar Pradesh, Rajasthan,
Madhya Pradesh, Jharkhand, and Chhattisgarh—
approximately 86 per cent of households possessed
an LPG connection in 2021; despite high connectivity,
however, only 55 per cent of these households use LPG
exclusively for cooking, found a CEEW study (Jha et al.
2021). Sustained usage is low—due to the high cost
of refills, delays in home delivery of refills, and cultural
preferences—indicate several reports by CEEW and
the Press Information Bureau (MoPNG 2024; Mani et
al. 2021; Kar et al. 2024).

Several studies discuss the need to make LPG
affordable. However, in recent years, little research has
been conducted on the ground on what price point or
price range is acceptable for the primary or exclusive
use of gas, especially for alternative clean cooking
fuels such as PNG or electricity. The increase in the
push for PNG (Kalyanaraman 2026) has also created
the need to assess the current levels of awareness and
affordability—capital costs and recurring fuel costs—
for PNG in urban areas.

Information needs to be gathered on current access
and affordability parameters and on informal
settlement household expectations regarding the
transition to gas (LPG or PNG) and electricity for
cooking. However, no recent study provides insight into
these aspects. Therefore, this study aims to answer
three questions:

1. What fuel (or fuel combinations) do households in
informal settlements use for cooking?

2. How much are households in informal settlements
willing to pay to use LPG as an exclusive fuel®?

3. What challenges and enablers influence the
choice of cooking fuel use for urban informal
settlement households?

This study investigates the patterns that
shape fuel choices among households in
informal settlements across 10 Indian cities.
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2. Methodology

In India, households in informal settlements choose
clean cooking fuels based on affordability, willingness
to pay, demographics, income, education, and cooking
preferences. We designed this study to investigate
these factors, which influence the uptake and
sustained use of cleaner cooking fuels among Indian
households in informal settlements.

2.1 Sampling

\We conducted the survey across 10 cities. For the
methodology, we deployed convenience sampling.

We selected six state capitals: Guwahati (Assam),
Ranchi (Jharkhand), Mumbai (Maharashtra),
Hyderabad (Telangana), Lucknow (Uttar Pradesh),
and Dehradun (Uttarakhand). To identify the six
states, we borrowed the sampling methodology from

a similar CEEW study (Kar et al. 2024), and we used
each state’s stage of transition to LPG (as a clean
cooking fuel), which is reflected in the composite index
that is derived from

1. alternative fuel availability (share of area with
above-ground biomass);

2. affordability (per capita net state domestic
product);

3. awareness (share of households using clean
fuels); and the

4. bandwagon effect (average LPG consumption per
person).

The composite index captures the state’s propensity
to adopt clean cooking fuels. We divided the states
into six groups ranked in order of the index. To select
one state from each of the six index-ranked groups, we
used purposive sampling.

We selected four other large metropolitan cities
with high population density: Delhi, Bengaluru,
Ahmedabad, and Kolkata.

Households in urban informal settlements are
clustered in small areas, and there is no inventory;
therefore, in each city, we selected four wards from
the north, south, east, and west, and we selected 25
households from each ward to interview. Additionally,
to ensure representativeness among respondents
facing increased exposure risks such as pregnant
women and children, we instructed the survey team
in each city to prioritise households with pregnant
women or children under five. Exposure to indoor air

5 As per our analysis, exclusive usage is defined as twice the household size (two cylinders per person per year), which is based
on a baseline cooking energy requirement of 3,500 MJ/HH/year delivered for a 5-person household (Kar et al. 2019), which is

approximately ~700 M]J/ year for an individual.
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pollution affects the health of pregnancies and PM2.5
exposure from solid fuel burning has the strongest
consequence for poor health among infants/young
children (UNICEF 2025). Also, our inclusion criteria for
the survey are respondents who are:

1. notliving in temporary accommodation;

2. living in their accommodation for the past six
months;

3. planning to live in their accommodation for the
successive 12 months; and

4. the primary cook, responsible for preparing all
meals.

Across the 10 cities, we interviewed 1,116° urban
informal settlement households in total (Figure 1). The
respondent profile comprises primary cooks only.

The coverage in this study of the country’s largest
cities, at varying stages of transition to clean

cooking fuels—together with capitals drawn from
geographically diverse states—provides an indicative
picture of urban informal settlement households
across India.

Figure 1. We surveyed 1,116 urban informal settlement households
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Source: Authors’ compilation.

2.2 Questionnaire design and data collection

The questionnaire has sections on

1. household demographics, including the details of
household head and the primary cook;

2. anassessment of household assets and income
sources; and

3. anextensive evaluation of cooking fuel practices.

We explored usage patterns, costs, and preferences for
various fuels—LPG, PNG, electricity, firewood, coal, and
cow dung cake—and also logistical details such as
cylinder refill history, government subsidy awareness,
preference for financial schemes, etc.

After we developed the questionnaire, we handed over
the data collection to Sigma Research and Consulting,

¢ The survey targeted 25 households across 4 wards in 10 cities (n=1,000); overall respondents exceeded 1,000 by 116 households
since additional surveys were conducted as a buffer against non-responses for survey questions. This yielded a final sample of

1,116 households.



the survey agency, which secured approval for
compliance with ethics from the Institutional Review
Board (IRB) (IRB Number 10021/IRB/24-25). Through
SurveyCTO, we deployed collaborative development
of the Computer-Assisted Personal Interviewing (CAPI)
system, integrated with the survey logic and the final
survey tool.
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A team of more than 60 trained enumerators
conducted in-person interviews in seven languages
—Hindi (in Delhi, Uttar Pradesh, Uttarakhand, and
Jharkhand); Telugu (in Telangana); Assamese (in
Assam); Marathi (in Maharashtra); Kannada (in
Bengaluru); Gujarati (in Ahmedabad) and Bengali
(in Kolkata). The data collection commenced in
September 2024 and ended in January 2025.

The survey collected data on historical costs borne by a respondent for a cylinder, willingness to pay for a cylinder and perspective on
clean fuel costs.

2.3 Data quality and limitations

During data collection, multiple biases—recall bias,
social desirability bias, enumerator bias—can occur in
a self-reported survey. The limitations of this survey are
self-reported data and associated biases, geographic
generalisability, and price sensitivity. To minimise

such errors and ensure that the standards of analysis
and data are high, we conducted numerous rounds of
quality checks at various stages of the survey.

Self-reported data and associated biases

As with all survey-based studies, the findings are
subject to biases inherent in self-reported data.

Recall bias may affect the accuracy of reported fuel
expenditure and usage frequency, particularly among

households that use multiple fuels intermittently. To
minimise this, expenditure questions were framed
around a short, fixed reference period—the preceding
90 days or the most recent purchase—which has been
shown to improve accuracy compared to longer recall
windows.

Social desirability bias may have led some
respondents to over-report clean fuel use or understate
reliance on solid fuels, given that clean cooking is
perceived to be socially acceptable.

Additionally, hypothetical bias—respondents tend
to report a different WTP amount than they would
demonstrate in practice—is a limitation of stated
preference WTP studies that is well documented
(Ebert et al. 2025).
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Geographic generalisability

The study covers 10 cities in India. We selected the
cities to represent the regional diversity in the country.
Our selection ensures breadth of coverage. However,
given that each city contributes approximately

100 households to the sample—insufficient to
recognise broad patterns among households in
informal settlements—rather than being nationally
representative city-level findings are indicative, in
nature.

Price sensitivity can vary

Our WTP estimates are sensitive to the economic and
market conditions prevailing at the time of the survey
—LPG prices, subsidy levels, and household income.
As these conditions change—agiven, particularly, the

volatility of LPG prices—the affordability thresholds
reported may not hold over time. Further, WTP can
vary significantly by season, income shock, and local
availability of fuels.

Additionally, and since median values are less affected
by extreme outliers and therefore provide a better
sense of central tendency, we make use of median
values for most of the critical variables in the study.

While analysing WTP data points, we use
winsorisation” to handle extreme outliers and cap
values at INR 800 for PMUY customers and at INR
1,500 for respondents using general, informal, or non-
LPG users.
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Women cooking a meal in a chulha (traditional stove using firewood). Firewood is the most common fuel among the solid fuel users in

informal settlements.
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Winsorisation, a technique useful in analysing skewed data—particularly in finance, economic, or survey research—is used to

handle extreme values in the dataset that could skew the results of our statistical analysis. This method preserves the original
number of observations while capping extreme values at a defined threshold. In this study, we winsorise WTP for exclusive LPG use
values for PMUY users at INR 800 and for all other user groups at INR 1,500.



3. What cooking fuel are
households in informal
settlements using?

We look at the fuel usage pattern of households living
in urban informal settlement areas across the 10 cities.
Along with fuel usage patterns we try to understand
the demographic characteristics distinct to urban
informal settlement households, their historical prices
paid for LPG refills, and preferences for various fuels
—LPG, PNG, electricity, firewood, coal, and cow dung
cake; along with factors that drive these choices.
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3.1 Demographic characteristics

The respondents to this survey were primary cooks
only. About 91 per cent of respondents are women,
showing that the labour of domestic cooking

is gendered. Further underscoring household
vulnerability is the presence of at-risk members:

one in three households (33 per cent) had at least
one child aged 0-5 years and 5 per cent reported a
pregnant woman in the household. Both groups are
disproportionately affected by indoor air pollution, from
the use of solid cooking fuels, due to higher exposure
from being indoors most of the time (Ali et al. 2021).

Table 1. 43% of the respondents belonged to ST/SC category and 52% belonged to BPL

households
Categories Count (n) %
Social category General 314 28
ST/SC 477 43
OBC 308 28
Don’t know 17 2
Ration card type BPL (Below Poverty Line) 575 52
APL (Above Poverty Line) 146 13
PHH (Priority Households) 51 )
AAY (Antyodaya Anna Yojana) 67 6
Don’t know/NA 274 25
Others 3 0

Source: Authors’ analysis.

In terms of housing features, 61 per cent of respondents
owned their place of residence, 33 per cent were
renters, and 4 per cent lived in highly precarious
conditions such as footpaths or open spaces. The
median monthly rent among renting households was
INR 2,500. Socioeconomic vulnerability is also reflected
in ration card status, as 52 per cent of respondents held
a Below Poverty Line (BPL) card.

Scheduled Tribes and Scheduled Castes (ST/SC)
comprised the largest caste group at 43 per cent,

followed by General category (28 per cent) and Other
Backward Classes/OBC (28 per cent) (Table 1).

Kitchen infrastructure is a concern. Across the sample,
77 per cent® of households had an indoor kitchen but
6 per cent cooked outdoors and 20 per cent lacked
dedicated cooking space. Similarly, ventilation is
inadequate in a significant share of households: 21
per cent had no ventilation or platform features though
71 per cent reported having a window or door in their
cooking area (Table 2).

8 Respondents with only indoor space and both indoor and outdoor cooking account for 854 out of 1,116 respondents (77 per cent)
and due to rounding off it's not equal to the sum of individual percentages in Table 2 (74+2 = 76 per cent).
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Table 2. 20% lacked any dedicated space for cooking and 21% do not have any ventilation
feature in their cooking spaces

Categories Count (n) %
Settlement type Owned the place 686 61
Rented the place YS! &
Open spaces/footpaths 43 4
Others 14 1
Kitchen features Indoor space for cooking 828 74
Outdoor space for cooking 40 4
Both indoor and outdoor space for cooking 26 2
No separate space for cooking 222 20
Ventilation features Have at least one of the following in cooking 879 79

space: Chimney, ventilator, exhaust fan, window/
door, slab/platform

No ventilation features in cooking space 237 21

Source: Authors’ analysis.

Household engaged in fuel stacking—using both LPG cylinder and firewood.
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We make use of an asset index based on household
features to gauge household wealth. The index
contains data on settlement and assets owned: fan,
cooler, AC, smartphone, room heater, TV, bicycle, car,
fridge, inverter, if household members had used a
digital payment platform in the preceding month, or if
there was a separate cooking space, or if there were
ventilation features in cooking spaces.

For our analysis (see Annexure), we use principal
component analysis (PCA), and we divide the PCA
scores into quintiles (five equal groups).

Are Clean Cooking Fuels Reaching India’s Urban Poor?

3.2 Fuel use patterns and stacking
behaviour

The penetration of LPG is high across the 1,116
households surveyed in urban informal settlement
areas. Around 70 per cent use LPG exclusively for
cooking purposes and 12 per cent use LPG alongside
firewood (Figure 2).

Figure 2. A majority of urban informal settlement households reported using LPG exclusively
for cooking in the past 90 days, followed by the combination of LPG and firewood

LPG (n=786)

LPG and firewood (139)

Firewood (112)

LPG and coal/charcoal (17)

LPG, firewood, and coal/charcoal (13)

LPG and electricity (12)

Kerosene (9)

Other fuel combinations (28)

70%

Source: Authors’ analysis.

50 75 100
Percentage of households

Note: A very small share of respondents use cylinder sizes other than the standard 14.2 kg LPG cylinder: 9 per
cent (97) use a 5-kg LPG cylinder and 2 per cent (22) are using a 2 kg cylinder.
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Those who depend on solid fuels to meet their cooking cooking fuel mix. Additionally, 2 per cent of households
needs predominantly use firewood. Fewer than 5 per use electricity for cooking either exclusively or along
cent of respondents reported using polluting fuels like with LPG.

coal/charcoal, kerosene, or cow dung as part of their

Figure 3. One in five households engaged in informal labour (20%) rely exclusively on solid
fuels for cooking, compared to those in formal employment or self-employment (6% and 4%
respectively)
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Informal Formal Self-employment Passive income
labour employment & business (34)
(n=521) (325) (227)
Main household income source
Fuel type M Exclusivecleanfuel [  Primary clean fuel Primary solid fuel [l Exclusive solid fuel

Source: Authors’ analysis.

Note: (a) Informal labour = non-agricultural labour (wage/salary), contractual labour, driver, bus conductor,
domestic house help, etc; 2. formal employment = government job, private job; 3. self-employment and business
= self-employed/freelance work, small business/shop, food vendor, business/trade; 4. passive income = pension,
remittances, rental income. (b) 1 respondent chose ‘None’ as their response and 8 respondents selected ‘Others’
and could not be classified into the above categories; hence, we removed these 9 respondents from the above
analysis.
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In urban informal settlement households, 16 per cent
of the total respondents use clean cooking fuel (mostly
LPG), either primarily or secondarily, along with

other solid fuels, reflecting a pattern of fuel stacking.
Households that stack LPG with solid fuels cannot
realise the full health benefits associated with reduced
HAP (Gould and Urpelainen 2018).

Exclusive use of solid fuels was highest at 20 per cent
among informally employed households, compared to
formally employed households (6 per cent) and self-
employed households (4 per cent). Among informally
employed households, fuel stacking is about 21 per
cent, reflecting the irregular nature of informal-sector
income, which can make the upfront and sustained

costs of clean cooking fuels difficult to absorb (Figure 3).

About 40 per cent (445 respondents) of respondents
reported receiving a subsidy against their last LPG
refill; 31 per cent of this group are from the bottom 2
wealth quintiles. Among the respondents who did not
receive any subsidy, 34 per cent fall in the bottom 2
wealth quintiles. This points to a possible target gap
as we would expect a larger proportion of bottom

Are Clean Cooking Fuels Reaching India’s Urban Poor?

quintile households among recipients of subsidy but
the proportion of poorer households are similar across
both recipients and non-recipients of subsidy.

3.3 What type of connection do LPG
users have?

Access to LPG is mostly formal: 66 per cent of
households have a general LPG connection;? of
which 50 per cent have a connection from Indian Oil
Corporation Limited (IOCL), 32 per cent have one
from Bharat Petroleum Corporation Limited (BPCL),
and 18 per cent have one from Hindustan Petroleum
Corporation Limited (HPCL).

A smaller but notable share (10 per cent) hold
connections under the PMUY. Meanwhile, 11 per
cent of respondents reported not having a formal LPG
connection, showing that urban informal settlements
still lack access to a formal LPG connection and buy
LPG from unauthorised sources (Table 3).

Table 3. Informal LPG connections are used in 11% of urban informal settlement households

Categories Households (%)
General connection (n=738) 66
PMUY connection (113) 10
No formal connection (125) 11

Source: Authors’ compilation.

Note: n=976; 140 respondents (13 per cent) do not use LPG.

? LPG connections are general, PMUY, and informal.

A general connection is a standard LPG connection provided by an oil marketing company (OMC) like Indane, HP Gas, and Bharat
Gas. General connection consumers pay out of pocket for the full upfront security deposit for the cylinder, regulator, and cooking

stove.

The PMUY provides LPG connections to women from low-income households and covers the upfront connection costs. The
beneficiary receives a deposit-free cylinder and a regulator and their first refill completely free of cost.

An informal connection means the household uses LPG but does not have a connection in their own name legally registered with

an authorized distributor, thereby may pay higher prices than the official retail price. This informality is, however, not incidental; it
reflects the practical reality that households without locally valid identity documents, fixed addresses, or bank linkages are excluded
from formal connections and have to resort to informal channels like kirana stores/unauthorised distributors.
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Those without a formal connection were far less likely
to benefit from doorstep delivery; only 21 per cent
reported that their distributor delivered LPG cylinders
to their home, and 57 per cent sourced their cylinders
from unauthorised kirana stores or informal markets,
highlighting a stark contrast to households with
general connections, among whom as many as 78

per cent received home delivery. This gap in access to
delivery shows that the supply of clean fuel is neither
reliable nor convenient. In addition, respondents
without a formal LPG connection pay INR 190 more
per 14.2 kg domestic cylinder compared to a general
connection user. (Figure 4).

Figure 4. The price paid by respondents using an informal LPG connection is the highest at INR

1040, paying a premium of INR 190 per cylinder

1200

1000

850
800

Effective price paid for last
14.2 kg cylinder (INR)

600

1040

540

T
General connection
(n=713)

T T
PMUY Informal connection
(99) (71)

Connection type

Source: Authors’ analysis.

Note: (a) Although 976 respondents are using LPG, the sample size in the above graph is only 883, as 93
respondents chose ‘Don’t know/Don’t know how to check’ to the ‘price paid for last 14.2 kg cylinder’ question.
(b) During the survey, the retail price of an LPG cylinder (14.2 kg) was ~INR 803 (considering the retail price for
Delhi). If we consider the PMUY subsidy at INR 300, the effective subsidised price of LPG was INR 503. Presently
(July 2026), the average retail price has increased to INR 942, following 3 price increments: INR 50 price hike in
April 2025, INR 60 price hike in March 2026, and INR 29 price hike in June 2026. As a result, the subsidised price

for PMUY usersis ~ INR 642.

Informally connected users source their cylinders
from outside regulated channels, forgoing access
to government subsidies and doorstep delivery; as
a result, they pay more for fuel supply that is less
reliable. Also, as these households source their
cylinders through unauthorised kirana stores or the
grey/black market, bypassing standard safety and
quality protocols. These households forgo access
to government subsidies and doorstep delivery. The
fuel supply is potentially hazardous and subject to
concerns over safety and fuel quality. In addition,
13 per cent of SC/ST respondents have an informal
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connection, highest among the caste groups, followed
by OBC (11 per cent) and the General category (9 per
cent).

The eligibility criteria of the PMUY are women (1) aged
18 years or older, (2) possessing a ration card, (3)
holding an Aadhaar card, and (4) not already being a
PMUY beneficiary or having a formal connection from
an oil marketing company (OMC). Only 10 per cent of
the respondents hold a connection under the PMUY.
However, when the remaining respondents were
assessed, an additional 147 respondents (13 per cent)
were found to be eligible to apply for a connection .
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Figure 5. 13% of the respondents belonging to SC/ST group have an informal connection—the
highest across all caste groups

General SC/ST OBC
(n=314) (477) (308)

Connection type [l General connection PMUY Informal connection I Non-LPG user

Source: Authors’ analysis.
Note: 17 respondents (2%) who reported ‘Don’t know’ for caste category were removed from the analysis.

Figure 6. One in five households lacked any ventilation infrastructure (window/ door, exhaust
fan, slab/platform, ventilator, or chimney) in their cooking space

Window/Door
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Ventilator
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Kitchen feature

Chimney
(32)

None
(237)
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Share of respondents (%)

Fueltype [ Exclusive clean fuel Primary clean fuel Primary solid fuel [l Exclusive solid fuel

Source: Authors’ analysis.
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In addition to access to clean fuels, ambient cooking
conditions can compound health risks. One such
condition, inadequate ventilation, causes high levels
of pollutant exposure and it impacts health negatively
(WHO 2014). Ventilation plays an important role in the
rate of removal of cooking-generated pollutants from
the kitchen (Xu et al. 2024).

In this survey, we observed, 21 per cent of the
respondents lack ventilation devices/platforms in
kitchen spaces; of such cases, exclusive users of solid
fuel account for 25 per cent, the highest proportion.

Customers wait in a queue with empty cylinders to get a new refill.

3.4 Perceptions about clean vs solid
fuels

The availability of clean cooking technologies alone is
not sufficient for a sustained uptake; evaluation of the
technologies and removal of the barriers to adoption
play an important role in sustained transition (Nerini et
al. 2026).

Across all three clean technologies, cost emerges as
the most pervasive barrier to the adoption of clean
cooking fuels and sensitivity to price as a systemic
challenge to transitioning: 78 per cent of respondents
cited high cost as a barrier to adopting LPG; 50 per
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About 71 per cent have a window or a door in their
kitchen space; only a few have an exhaust fan (9 per
cent), ventilator (4 per cent), and chimney (3 per cent);
and 20 per cent lack separate space for cooking,
which can increase exposure for all the household
members and not just the primary cook (Figure 6).
This compounds the risks of exposure from both
combustion of solid fuel and from poor ventilation,
thereby heightening the risks of health problems. Given
the health benefits of adopting clean cooking fuels and
the concomitant improvements in the quality of life, it is
all the more important to wean households away from
polluting fuels (WHO 2021).
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cent of those without a formal connection identified
the expense of installation as a key deterrent to
formalisation; 18 per cent of respondents flagged cost
as a barrier to PNG adoption; and 75 per cent cited it
as a barrier to cooking using electricity (Figure 7).

About 62 per cent of the households that report that the
expense of installation is a barrier fall in the bottom 2
quintiles of the asset index. However, such perceptions
might not reflect the true cost saving in the long run: a
cost comparison study (Mani et al. 2026) reveals that
operational expenditure for electric cooking is cheaper
than unsubsidised LPG refills if the effective price of
electricity does not exceed INR 7 per kWh. Overall,



58 per cent of informally connected users fall in the
bottom 2 wealth quintiles.

Documentation requirements pose another
structural barrier — beyond cost — to formal energy
access. About 31 per cent of informally connected

Are Clean Cooking Fuels Reaching India’s Urban Poor?

respondents reported having been denied a formal
LPG connection because their documentation was
insufficient. Unavailability and high cost are the most
common barriers associated with the adoption of

PNG. Perceptions of safety risks around cooking with
electricity present an additional barrier to transitioning.

Figure 7. High cost associated with clean cooking fuel as a barrier is reported to be consistent
across all 3 technologies (LPG, PNG and e-cooking)
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Source: Authors’ analysis.

Especially in informal settlements, fear and concerns
over cooking with electricity suggest that demand-side
barriers are not purely financial but also a fallout of
poor infrastructure and awareness. The illegal status
of urban informal settlements prevent users from
accessing formal connections, and households’ access
to electricity often depends on illegal connections,
informal resellers, and unsafe shared meters—all of
which pose safety risks for the use of electric cooking
(Khalifa et al. 2026). In addition, poorer households
are disproportionately affected—among those without
electricity access, 54 per cent fall into the bottom two
wealth quintiles.

Share of respondents (%)

When examining reasons for not using solid fuels,
limited availability emerges as the primary deterrent
reported by 70 per cent of those who do not use
firewood, 57 per cent of those avoiding coal, and 74
per cent of those not using cow dung. About 31 per
cent of those who do not use firewood, 26 per cent of
those avoiding coal, and 22 per cent of those not using
cow dung reported a negative perception of solid fuels
and associated health concerns. Respondents also
acknowledged the time burden associated with using
solid fuels for cooking (13 per cent for firewood, 11 per
cent for coal, and 6 per cent for cow-dung).
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Box 1. Variation in LPG usage among the 10 cities

Usage of clean fuels vary by city (Figure 8). In Guwahati, about 36 per cent of the respondents rely on solid
fuel exclusively, and only about 50 per cent use clean fuel exclusively. In Ahmedabad, more than 60 per cent
use LPG exclusively, but 24 per cent still rely exclusively on solid fuels. The fuel stacking patterns are highest
in Ranchi (43 per cent) and Lucknow (36 per cent). In these cities, LPG appears to function largely as a
complementary fuel rather than a substitute for solid fuels, suggesting that access alone does not guarantee
exclusive usage. These city-level differences may be shaped by a number of factors.

Ranchi has the highest share of PMUY connections among all cities studied (31 per cent) and also the
highest fuel stacking; a pattern that is consistent with existing evidence that PMUY beneficiaries have lower
odds of using LPG exclusively compared with general (non-subsidised) consumers, regardless of income
sstptus (Mani et al. 2020). Lucknow follows suit, with PMUY users at around 15 per cent (the third-highest
among cities) and a higher share of the population relying on fuel stacking.

Notably, Delhi has the second-highest share of PMUY connections but comparatively low fuel stacking,
pointing to city-specific enabling factors such as weaker access to free biomass. In Ranchi’s case, continued
reliance on forest biomass at low prices may be sustaining stacking behaviour even where LPG connections
exist (Sharma et al. 2023). Mumbai’s relatively high exclusive clean fuel use, by contrast, has been linked

to LPG’s dominance as the primary fuel of choice among informal settlement households because of lower
affordability issues (Chatterjee 2019).

State-level schemes may also play a role; for instance, Telangana’s Mahalokshmi scheme (Government of
Telangana 2023) offers additional cylinder subsidies that could be contributing to Hyderabad’s stronger
adoption of clean fuel. Together, these patterns suggest that connection access, local fuel availability, and
state-specific subsidy design interact to shape whether households complete the transition to clean cooking
fuels.

Figure 8. Exclusive reliance on clean fuel is the highest in Hyderabad and Mumbai
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Source: Authors’ analysis.
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Woman in a semi-open kitchen, cooking with solid fuels.

4. Demand for clean cooking
fuels among households in
informal settlements

4.1 Willingness to pay for exclusive
LPG use

Before the Gol introduced the PMUY in 2016, several
studies analysed the WTP for cooking fuels. Drawing
on previous research and literature, a CEEW study
(Jain et al. 2014) found that a typical Indian household
would need to allocate 6 per cent of its total household
monthly expenditure to cooking expenses, the
threshold to be considered affordable for cooking
energy expenditure.

A primary survey conducted by CRISIL (PPAC 2016)
and drawing on data from over 1 lakh respondents
determined the amount urban households were willing
to pay for LPG. Their average WTP for LPG in 2016 was
estimated at INR 313 per month for rural areas and

INR 333 per month for urban areas. Citing this analysis,
The Energy and Resources Institute (TERI) concluded
that INR 313 per month would be the optimal price to
boost the uptake of LPG refills (Palit et al. 2021).

A similar study (Chindarkar et al. 2021) found that
PMUY households were willing to pay INR 372 per
month for using LPG exclusively for cooking. For lower-
income households, the cost burden of cooking fuel

is 7—10 per cent of their total monthly expenditure
(Haider 2022).

This study considers the WTP for LPG for exclusive
use. However, in contrast to previous studies, we
estimate WTP for a single 14.2 kg cylinder rather than
calculating it over a time period (such as a month—
the amount households are willing to spend on LPG
cylinders per month).

Willingness to pay for exclusive LPG use is the
respondent’s stated preference collected as a
continuous variable. It is not the respondent’s revealed
preference, the WTP can vary from the historical price
the consumer paid for the good or their willingness to
accept value for the good—as a result of hypothetical
bias associated with the nature of the survey, which in
our case is a household’s WTP for using LPG cylinders
exclusively (Ebert et al. 2025).
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To analyse household WTP for exclusive LPG use,
we asked households about the price they would

be willing to pay for each 14.2 kg LPG cylinder to
transition to using LPG exclusively: the median is INR
500 (Figure 9). The question was anchored to the
number of cylinders they would need for exclusive
usage of LPG in a year based on household size.

When we look at the bottom 50 per cent of each of
the four categories of fuel user—exclusive clean fuel
user, primary clean fuel user, exclusive solid fuel user,

primary solid fuel user—primary solid fuel users are
willing to pay INR 450 per cylinder and exclusive solid
fuel users INR 400. This suggests that affordability

is a greater barrier for those furthest from the clean
cooking fuel transition. The respondents who quoted
that they are not willing to pay for exclusive use of
LPG are from the poorest strata (88 per cent are in the
bottom 2 quintiles according to the asset index).

Figure 9. Median WTP for exclusive LPG use is INR 500 across all fuel user user categories—
falling to INR 400 among the bottom 50% of exclusive solid fuel users
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Note: n=1,086; 30 respondents did not respond to the WTP question and were removed from the analysis.

4.2 What price seems affordable for
most respondents?

At the time of our survey, the price of an unsubsidised
14.2 kg LPG cylinder was INR 803, and the effective
price for PMIUY customers was INR 503.The current
LPG price has soared following the West Asia crisis
in 2026, and the market price is INR 942 per 14.2 kg
domestic cylinder; as a result, the effective price for
PMUY has increased to INR 642 with a subsidy of INR
300.
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Notably, 40 per cent of respondents (445 respondents)
reported receiving subsidy against their refill and

who did receive a subsidy showed markedly higher
rates of exclusive use of clean fuels; 83 per cent of
subsidy recipients were exclusive users of clean fuels,
demonstrating that affordability is a crucial barrier to
the sustained usage of LPG.

Our study makes use of the ‘affordability limit’. Itis a
price point at which LPG refills would be affordable
for 80 per cent of households to use it exclusively,
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calculated as the 20th percentile of the stated WTP respondents quote a WTP of INR 401-500, around 3
for exclusive LPG use. Setting the inclusion threshold per cent quote prices as low as INR 0—-100; exclusive
any higher would decrease feasibility from a fiscal solid fuel users constitute 45 per cent of this lowest-tier
standpoint. For 80 per cent'® of respondents, LPG group (Figure 11). The affordability limit is at INR 400
becomes affordable only at INR 400, approximately for holders of PMUY and informal connections and

INR 100 less than the effective pricet* for PMUY drops to INR 300 for those without an LPG connection
customers (Figure 10). While 39 per cent of (Table 4).

Figure 10. The affordability limit for 80 per cent of the respondents is at INR 400 per 14.2 kg
cylinder

WTP by urban households (n =1086)

500 | |
| |
4$8 |
|
|
400 |
|
|
(2]
c 80% affordability limit ! PMUY subsidised price
3 300 I
5 =INR 400 | ~INR503
@ [
o
5 |
5 |
o
194
E 200
=
100
0

0-100 101-200 201-300 301-400 401-500 501-600 601-700 701-800 =800

WTP prices (INR)

Source: Authors’ analysis.
Note: n=1,086; 30 respondents did not respond to the WTP question and were removed from the analysis.

1 The 80-per-cent inclusion criterion is a somewhat arbitrary trade-off between inclusion and financial constraints. The financial
cost of making LPG affordable for 100 per cent of the population would be a non-starter; given that fuel subsidies are sticky,
policymakers avoid it. Based on recent engagement with policymakers, our understanding is that a proposal that balances fiscal
considerations for a majority of the population has a higher chance of success. Therefore, while acknowledging that it is somewhat
arbitrary, we have settled for 80 per cent as the inclusion criterion.

1 The effective price of LPG for PMUY customers at the time of survey (September 2024 to January 2025), considering a subsidy of
INR 300, is INR 503.
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Figure 11. Of the respondents willing to pay less than 100 INR, exclusive solid fuel users
constitute the largest proportion (45 per cent) of respondents
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Note: (a) Out of the 8 respondents (24 per cent of 33) who are exclusive clean fuel users and still quoted a WTP
amount of INR 0-100, 6 out of 8 respondents are informally connected users and although they pay the market
price for their previous cylinders (PMUY get subsidised cylinders and informally connected ones pay much
higher), they reveal a preference to pay much lower which is reflected in the WTP for exclusive LPG use question.
(b) n=1,086; 30 respondents did not respond to the WTP question and were removed from the analysis.

Table 4. Affordability limit (for ==80 per cent of the respondents) varies across different types
of LPG connection users and non-LPG users

Categories Affordability limit (in INR)
General connection (n=726) INR 450
PMUY connection (113) INR 400
No formal connection (121) INR 400
Non-LPG users (126) INR 300

Source: Authors’ analysis.
Note: (a) n=1,086; 30 respondents did not respond to the WTP question and were removed from the analysis.
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Willingness to pay for an LPG varies across different fuel user groups (general, informal, PMUY, and nhon-LPG users).

43 Willingness to pay for PNG and connections is not available in informal settlements
electric COOkiIlg (Mathur 2026). Despite this, the stated WTP for both
fuels offers useful signals about latent demand.

None of the respondents reported using PNG; 2 per
cent use electric cooking devices, about 40 per cent
of whom use induction cookstoves—reflecting that,
in urban informal settlements, the penetration of
alternative clean fuel technologies is limited. Also,
the infrastructure required to support piped gas

Across all fuel user categories, monthly WTP for PNG
is consistently higher than for electric cooking, at
INR 250-500, compared to INR 100-300 for electric
cooking (Figure 12).

Figure 12. Monthly WTP for PNG exceeds that for electric cooking across all fuel user categories
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Note: 107 respondents did not respond to ‘WTP for PNG’ question, hence removed from the analysis. And, 89
respondents did not respond to ‘WTP for electric cooking’ question, hence removed from the analysis.
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Exclusive users of solid fuels report the lowest WTP for
PNG (INR 250) and electric cooking (INR 100); those
who primarily use clean fuels report the highest WTP
for PNG (INR 500) and for electric cooking (INR 300).
The higher WTP for PNG likely reflects its resemblance
to LPG in the cooking experience as both fuels are
gas-based. On the other hand, electric cooking is
underutilised, as the population perceives that it is
expensive and that they are unfamiliar with electric
cooking appliances (Leary et al. 2021).

4.4 Perceptions around schemes for LPG
usage and how LPG can be made more
affordable

To understand the consumer perspective, we asked
them to predict how each scheme would affect their
LPG consumption. To make LPG affordable and help
to incentivise customers to increase uptake, the
government has initiated three schemes: reduction in
upfront cost; the ‘save and get’ scheme (prepaid); and
the ‘buy now, pay later’ scheme (postpaid).

Reduction in upfront cost

The subsidy, applied directly at the point of sale,
reduces the immediate cash payment required: for
example, instead of paying INR 800 and receiving an
INR 300 subsidy later, the customer pays only INR 500
upfront.

‘Save and get’ scheme (prepaid)

A savings-based model where households can

make small, regular deposits (INR 100 per week, for
instance) into a bank account. Once the accumulated
savings are sufficient to cover the cost of a cylinder, the
household purchase will be automatically deducted
from the account.

‘Buy now, pay later’ scheme (postpaid)

The credit-based model allows households to acquire
an LPG cylinder by paying, initially, a small fee and pay
off the remaining balance in easy instalments—instead
of having to make a lump-sum payment at the point of
purchase.

Most consumers prefer to reduce the cost of LPG

upfront: 56 per cent report that adopting a scheme that
reduces the upfront cost of LPG would increase their
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LPG usage; 41 per cent believe that the ‘buy now, pay
later’ scheme would increase usage; and 34 per cent
feel that the ‘save and get’ scheme would increase
uptake (Figure 13).

The responses are consistent with intertemporal
choice theory, which predicts that individuals facing
liquidity constraints tend to strongly prefer immediate
benefits over delayed rewards—a phenomenon
known as present bias (Frederick et al. 2002). The
preference for upfront cost reduction over prepaid
savings schemes suggests that urban informal
settlement households discount future benefits and
prioritise schemes that can reduce the immediate
financial burden of a cylinder purchase over those that
require sustained advance commitment. This likely
reflects the nature of irregular income cycles faced

by urban informal settlement population: saving for

a future purchase can be harder to sustain, and they
can benefit from an immediate cost cut at the point

of purchase. This has direct implications for subsidy
design, as affordability interventions are likely to be
most effective when the cost burden is reduced at the
point of purchase rather than redistributed across time.

Households keep a double bottle connection (DBC) to ensure
uninterrupted cooking gas supply in an informal settlement
household in Delhi.
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Figure 13. 56% of respondents believe reducing upfront cost would increase LPG usage

Reduction in upfront

price of LPG
(n=627)

56%

Save and get
(pre-paid)
(382)

34%

Buy now, pay later
(post-paid) 41%
(455)

T
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Share of respondents who said
their consumption would increase (%)

Source: Authors’ analysis.

Formal connection users are more likely to receive doorstep delivery compared to their informally connected counterparts.
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5. Recommendations

Access to LPG is high (70 per cent use it exclusively),
yet many (11 per cent) remain out of formal channels
and resort to using informal cylinders; and access
alone does not translate to a complete transition to

cleaner fuels, as almost 16 per cent of households fuel-

stack. An increase in the sustained usage of cleaner
fuels like LPG that lead to a complete substitution of
solid fuels can only improve indoor air quality (WHO
2014).

Fostering an environment in which households can
realistically transition to clean cooking fuels requires
addressing challenges to access, adoption, and
usage. The government needs to move beyond merely
supplying clean fuels to solutions that incentivise
consumers and account for behavioural changes.
Based on our study, we make four recommendations.

5.1 Ease documentation requirements

Households relying on informal LPG markets need to
be brought into the fold of formal LPG connections, as
many may be eligible for PMUY or a formal connection
but are not covered by it. Documentation requirements
remain a primary structural barrier: 31 per cent of
households without a formal LPG connection were
denied LPG due to insufficient paperwork. As many of
the urban informal settlement dwellers live in non-
notified slums, i.e., they may lack legal recognition of
their residence, making the requirement for proof of
address a challenge.

The OMCs and distributors could therefore provide
additional assistance to households from informal
settlements with the documentation and enrollment
processes required to obtain a formal LPG connection.
Additionally, periodic enrollment drives could be
organised to reach households that either use solid
fuels exclusively (13 per cent) or use LPG without a
formal connection (11 per cent). This will ensure such
households are not excluded from the formal LPG
network.
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5.2 Strengthen last-mile delivery
infrastructure

Equally important is bridging the delivery gap (Kar

et al. 2024), as informal users are far less likely to
receive doorstep delivery (21 per cent) than general
connection holders (78 per cent), forcing them
towards less reliable and potentially hazardous
sources. Strengthening the accountability of last-mile
distributors would directly improve the reliability of
supply for newly formalised households.

As a supply-side intervention exploring a differentiated
distributors’ commission model for home delivery

(Kar et al. 2024) could strengthen last mile delivery
infrastructure—meaningfully extending reach to
hard-to-access households that currently rely on these
informal channels out of necessity. Infrastructure

can be strengthened by promoting Common Service
Centres (CSCs) as micro-distributors if there is no LPG
distributorship nearby (Kar et al. 2024).

5.3 Design subsidies to reflect actual
affordability thresholds

The PMUY subsidises LPG, but the subsidy level is
insufficient: 80 per cent of users report INR 400 as their
affordability threshold, but the effective PMUY price at
the time of our survey was INR 503; the upfront refill
cost still remains a barrier, especially for low-income
households.

Consistent with intertemporal choice theory,
interventions should shift towards point-of-purchase
cost reductions: 56 per cent of respondents identify it
as the most effective motivator for increasing LPG use;
34 per cent report their consumption would increase
for a prepaid scheme and 41 per cent for a postpaid
scheme. Applying subsidies at the point of purchase
and supplementing these subsidies with deferred
payments alternatives could address the irregular
income cycles, liquidity constraints, and present bias of
households.

To ease liquidity constraints and break down payment
cycles, households can leverage India’s digital public
infrastructure (DPI) to use mobile phone-based
microsavings and make micropayments towards

LPG distribution systems. The Ministry of Petroleum
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and Natural Gas and OMCs can help to implement
micropayments; for instance, OMCs could partner with
UPI-enabled payment platforms—Bharat Interface for
Money (BHIM), PhonePe, Paytm—to let households
make small, recurring contributions toward their next
refill rather than paying the full refill amount of INR
800-900 in one instalment.

In addition, smaller cylinder sizes like 5 kg and 2

kg cylinders, used by 11 per cent of respondents—
should be incentivised as an affordable and flexible
entry point for the sustained adoption of clean fuels.
For those who do not use LPG and report no WTP,
price-based interventions alone are insufficient, and
these must be accompanied by behaviour change
campaigns.

5.4 Build pathways beyond LPG

Currently, adoption of PNG and electric cooking is
negligible: no one reported using PNG, and only 2 per
cent use electric cooking. The WTP (INR 100-500 per
month) shows latent demand.

However, as demand falls below that for LPG, city-level
pilots that combine subsidised installation costs for
induction cookstoves with targeted BCC interventions
would help address both financial and informational
barriers simultaneously. Given that a significant share
of respondents report safety concerns around electric
appliances and perceive electricity as too expensive,
BCC interventions are particularly important. Initial
deployment should target existing clean fuel users who
demonstrate the highest WTP and require the smallest
behavioural shift, followed by scaling the intervention
to households currently dependent on solid fuels.

Electric cooking remains one of the viable options

in such a setting. PMUY customers could be offered

a capital subsidy for electric cooking appliances,
allowing them to add electric cooking to their clean
cooking stack rather than substituting LPG completely
with electric cooking.

Facilitating pathways to integrate electric
cooking alongside LPG into the fuel mix can
help households move towards exclusive
use of clean fuels.

OMC workers delivering domestic LPG cylinders to households.

31



Are Clean Cooking Fuels Reaching India’s Urban Poor?

References

Ali, Muhammad Ubaid, Yangmei Yu, Balal Yousaf, et al. 2021. “Health
Impacts of Indoor Air Pollution from Household Solid Fuel on Children
and Women.” Journal of Hazardous Materials 416 (August): 126127.
https://doi.org/10.1016/j.jhazmat.2021.126127.

CEEW (Council on Energy, Environment and Water). 2019.
“Rationalising Subsidies, Reaching the Underserved.” June 13,2019.
https://www.ceew.in/publications/rationalising-subsidies-reaching-
underserved.

CEEW (Council on Energy, Environment and Water). 2020. State of
Clean Cooking Energy Access in India: IRES 2020 Report. New Delhi:
Council on Energy, Environment and Water. https://www.ceew.in/
publications/state-of-clean-cooking-energy-access-in-india-ires-
2020-report.

Chatterjee, Badri. 2019. “LPG most commonly used slum fuel in
Mumbai, reveals study.” Hindustan Times, September 16,2019.
https://www.hindustantimes.com/mumbai-news/lpg-most-
commonly-used-slum-fuel-in-mumbai-reveal s-study/story-
p2aV93jZHRPadd2jawTpFl.html.

Chindarkar, Namrata, Abhishek Jain, and Sunil Mani. 2021.
“Examining the Willingness-to-Pay for Exclusive Use of LPG for
Cooking among Rural Households in India.” Energy Policy 150
(March): 112107. https://doi.org/10.1016/j.enpol.2020.112107.

Chowdhury, Sourangsu, Ajay Pillarisetti, Alicia Oberholzer, et al.
2023. “A Global Review of the State of the Evidence of Household Air
Pollution’s Contribution to Ambient Fine Particulate Matter and Their
Related Health Impacts.” Environment International 173 (March):
107835. https://doi.org/10.1016/j.envint.2023.107835.

Das, Upasak, and Shreya Biswas. ‘Fuelling down after a Lockdown:
Effects of the First COVID Wave on Clean Fuel Usage in India’. Energy
Economics 126 (October 2023): 106940. https://doi.org/10.1016/j.
eneco.2023.106940.

Dhakad, Moradhvaj, and Nandita Saikia. 2023. “The Impact of Adult
Death on Household Consumption, Expenditure, and Income in India:
Evidence from a Nationally Representative Longitudinal Survey.”

In Adult Mortality in India: Trends, Socio-Economic Disparities and
Consequences, edited by Moradhvaj Dhakad and Nandita Saikia,
107-128. Singapore: Springer Nature.
https://doi.org/10.1007/978-981-99-0002-2_7.

Ebert, Jasmin, Peter Winzer, and Carina Miiller. 2025. “Reducing

the Hypothetical Bias in Measuring Willingness to Pay for Mobile
Communication Products.” Journal of Theoretical and Applied
Electronic Commerce Research 20 (2): 122. https://doi.org/10.3390/
jtaer20020122.

Frederick, Shane, George Loewenstein, and Ted O’'Donoghue.
2002. “Time Discounting and Time Preference: A Critical Review.”
Journal of Economic Literature 40 (2): 351-401. https://doi.
0rg/10.1257/002205102320161311.

32

Gould, Carlos F., and Johannes Urpelainen. 2018. “LPG as a Clean
Cooking Fuel: Adoption, Use, and Impact in Rural India.” Energy
Policy 122 (November): 395-408. https://doi.org/10.1016/j.
enpol.2018.07.042.

Government of Telangana. 2023. “Maha Lakshmi Scheme.” https://
wanaparthy.telangana.gov.in/scheme/mahalakshmi-scheme/.

Haider, Salman. 2022. “Explaining Household Expenditure on
Cooking Fuel: Role of Income and Socio-Economic Status.” IEG
Working Paper No. 454. Delhi: Institute of Economic Growth. https://
ideas.repec.org//p/awe/wpaper/454.html.

Health Effects Institute. 2024. State of Global Air (S0GA) 2024.
Special Report. Boston, MA: Health Effects Institute. https://
www.stateofglobalair.org/resources/archived/state-global-air-
report-2024.

International Energy Agency (IEA), the International Renewable
Energy Agency (IRENA), the United Nations Statistics Division
(UNSD), the World Bank, and the World Health Organization (WHO).
2025. Tracking SDG7: The Energy Progress Report 2025. Paris:
International Energy Agency. June 25, 2025. https://www.iea.org/
reports/tracking-SDG7-the-energy-progress- report-2025.

Jain, Abhishek, Shalu Agrawal, and Karthik Ganesan. 2014.
Rationalising Subsidies, Reaching the Underserved: Improving
Effectiveness of Domestic LPG Subsidy and Distribution in India. New
Delhi: Council on Energy, Environment and Water.
https://www.ceew.in/publications/rationalising-subsidies-reaching-
underserved.

Jha, Shaily, Sasmita Patnaik, and Rithima Warrier. 2021. Are India’s
Urban Poor Using Clean Cooking Fuels? Insights from Slums in

Six States. New Delhi: Council on Energy, Environment and Water.
https://www.ceew.in/sites/default/files/CEEW-Are-Indias-Urban-
Poor-Using-Clean-Cooking-Fuels-1-Marc h21_compressed.pdf

Kalyanaraman, M. 2026. “Why Is India Pushing Piped Gas Now?”
The Hindu, April 2, 2026. https://www.thehindu.com/news/national/
why-is-india-pushing-piped-gas-now-explained/article708112
25.ece.

Kar, Abhishek, Shonali Pachauri, Rob Bailis, and Hisham Zerriffi.
2019. “Using Sales Data to Assess Cooking Gas Adoption and the
Impact of India’s Ujjwala Programme in Rural Karnataka.” Nature
Energy 4

(9): 806—-814. https://doi.org/10.1038/s41560-019-0429-8.

Kar, Abhishek, Sunil Mani, Adya Sharma, Surya Shekhar Auddy,
Shruti Sharma, Paras Bhattarai, and Rahul Das. 2024. Improving
India’s Clean Cooking Fuel Supply: Recommendations to Enhance
Last-Mile LPG Accessibility. New Delhi: Council on Energy,
Environment and Water. https://www.ceew.in/publications/how-
can-india-improve-clean-cooking-fuel-supply-and-lpg-accessibility.



Khalifa, Yesmeen, Sanjida Ahmed, Shakhaoat Hossain, Inonge
Milupi, Progress H. Nyanga, Rakib Hossain, Afsana Yasmin, Sayed
Mohammad Rasel, Most. Zannatul Ferdous, Garikai Membele,
Muchimba Syamwalu, and Francis Mwila. 2026. “A comparative
socio-technical multi-level perspective analysis of eCooking
barriers in six informal settlements in Bangladesh and Zambia.”
Energy Research & Social Science. https://doi.org/10.1016/j.
erss.2026.104773.

Leary, Jon, Bridget Menyeh, Vimbai Chapungu, and Karin Troncoso.
2021. “eCooking: Challenges and Opportunities from a Consumer
Behaviour Perspective.” Energies 2021, 14(14), 4345. https://doi.
0rg/10.3390/en14144345.

Mani, Sunil, Gunjan Kohli, Shruti Sharma, Gaurav Limaye, and
Abdurahman Alsulaiman. 2026. “India’s Clean Cooking Shift.” IISD
(International Institute for Sustainable Development). https://www.
iisd.org/publications/report/india-clean-cooking.

Mani, Sunil, Shalu Agrawal, Abhishek Jain and Karthik Ganesan.
2021. State of Clean Cooking Energy Access in India: Insights from
the India Residential Energy Survey (IRES) 2020. Council on Energy,
Environment and Water.
https://www.ceew.in/sites/default/files/ires-report-on-state-of-
clean-cooking-energy-access-in-india.pdf

Mani, Sunil, Abhishek Jain, Saurabh Tripathi, and Carlos F. Gould.
2020. The drivers of sustained use of liquified petroleum gas in India.

Nat Energy 5, 450-457. https://doi.org/10.1038/s41560-020-0596-7.

Mathur, Atul, 2026. “Have access but not switched to PNG? Govt to
cut LPG supply after 3 months.” The Times of India, March 26, 2026.
https://timesofindia.indiatimes.com/city/mumbai/have-access-
but-not-switched-to-png-govt-to-cut-lpg-supply-after-3-months/
articleshow/129807636.cms.

McDuffie, E., R. Martin, H. Yin, and M. Brauer. 2021. “Global Burden
of Disease from Major Air Pollution Sources (GBD MAPS): A Global
Approach.” Research Report 210: 1-45. Boston, MA: Health Effects
Institute. https://pmc.ncbi.nim.nih.gov/articles/PMC9501767/.

MOoPNG (Ministry of Petroleum and Natural Gas). 2024. Adoption
of Clean Fuel for Cooking in Rural Areas. Press Information
Bureau. https://www.pib.gov.in/PressReleaselframePage.
aspx?PRID=2079736&reg=48&lang=2.

MoSPI (Ministry of Statistics & Programme Implementation). 2024.
Results of Comprehensive Annual Modular Survey, July 2022-

June 2023. Press Information Bureau. https://www.pib.gov.in/
PressReleasePage.aspx?PRID=2063571&reg=48&lang=2.

Nerini, Francesco Fuso, Manuel Enrique Salas Salazar, Simon
Batchelor, et al. 2026. “A Research Agenda to Support the
Achievement of Clean Cooking for All.” Joule 10 (3): 102382. https://
doi.org/10.1016/j.joule.2026.102382.

Are Clean Cooking Fuels Reaching India’s Urban Poor?

Palit, D., M. Shardul, and D. Brahmachari. 2021. Clean Fuel for
Cooking: Solution to Achieve Better Air Quality. Policy Brief. New
Delhi: The Energy and Resources Institute.
https://www.teriin.org/policy-brief/clean-fuel-cooking-solution-
achieve-better-air-quality.

Sharma Ashutosh, Chandrashekhar Singh, and Saumya Vaish. 2023.
Gender Aspects of Transition to Clean Cooking Energy: Evidence
from Two States of India. Axes of Sustainable Development and
Growth in India. Sustainable Development Goals Series. Palgrave
Macmillan, Singapore. https://doi.org/10.1007/978-981-19-9756-
3_9.

PPAC (Petroleum Planning and Analysis Cell). 2026. Oil and Gas
Snapshot of States, 2025-26, Edition IV (April-March): Petroleum
Planning and Analysis Cell. https://ppac.gov.in/#ppacjor.

PPAC (Petroleum Planning and Analysis Cell). 2026. LPG Profile
Report, Q1 FY 2026-27: Petroleum Planning and Analysis Cell.
https://ppac.gov.in/#imp-report-sec.

UNEP (United Nations Environment Programme). 2021. “Seven
things you should know about household air pollution.”
https://www.unep.org/news-and-stories/story/seven-things-you-
should-know-about-household-air-poll ution.

UN-Habitat (United Nations Human Settlements Programme).
n.d. “Housing, Slums and Informal Settlements.” Urban Indicators
Database. Accessed June 26, 2026. https://data.unhabitat.org/
pages/housing-slums-and-informal-settlements.

UNICEF (United Nations Children’s Fund ). 2025. “How indoor air
quality affects children.” https://www.unicef.org/eca/stories/how-
indoor-air-quality-affects-children.

World Health Organization. 2014. WHO Guidelines for Indoor
Air Quality: Household Fuel Combustion. Geneva: World
Health Organization. https://www.who.int/publications/i/
item/9789241548885.

World Health Organization. 2021. Urban Health Initiative: A Model
Process for Catalysing Change: Air Pollution: Clean Cooking for
Health. Geneva: World Health Organization. https://www.who.int/
publications/i/item/WHO-HEP-ECH-AQH-2021.7.

World Health Organization. 2025. Household Air Pollution: World
Health Organization. https://www.who.int/news-room/fact-sheets/
detail/household-air-pollution-and-health.

Xu, Xiangang, Ke Hu, Yingxin Zhang, et al. 2024. “Experimental
Evaluation of the Impact of Ventilation on Cooking-Generated Fine
Particulate Matter in a Chinese Apartment Kitchen and Adjacent
Room.” Environmental Pollution 348 (May): 123821. https://doi.
org/10.1016/j.envpol.2024.123821.

33



Al g

M ey

._..._..m.—o

TV ege

__...—;|-.-_ A

Strengthening last-mile delivery infrastructure can help reach

hard-to-access households in urban areas.
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