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Abstract
Introduction: The lack of access to clean fuel in tribal and remote villages significantly worsens the health of females and children due to
prolonged exposure to smoke from burning solid fuels such as wood, dung, and crop residues.
Objectives: The present study aims to examine the use of solid fuels and their detrimental impact on the health of tribal women, while also
identifying the barriers hindering the adoption of clean cooking fuels such as LPG.
Material and Methods: A collection of 480 women was surveyed from remote villages of Lahaul and Spiti with the help of structured
questionnaire. Descriptive statistics and logistic regression were applied to find out the determinants of risk factors and its association.
Results: Of the 480 women participants, 75.2% were ever exposed to unclean fuel while cooking and only 24.8% used clean fuel. Women
respondents reported various health problems while using unclean fuel in open cookstoves- skin infection (48.5%), respiratory infection (46.9%),
dry eyes (41.3%) and cardiovascular problems (17.1%). Odds of use of unclean fuel were significantly higher among poor (AOR=3.09, CI=1.14-
5.11, p<0.05) and homemaker (AOR=2.54, CI=1.13-4.51, p<0.01) female participants and suffering from various health infections- skin,
respiratory, eye, cardio and common cough.
Conclusion: Free availability of firewood and agriculture waste, high initial cost of LPG, refill cost of LPG, disruptions in supply chain and lack
of awareness about adoption of clean fuel in the remote villages were the major barriers towards the adoption of clean fuel. Targeted interventions
that address affordability, ensure reliable access, and incorporate local awareness programs are essential for broader transition to clean energy
source in tribal and remote areas.
Keywords: Usage of Solid fuel, Barriers towards adoption of LPG, Tribal females, Lahaul & Spiti, India
Introduction
Around two-third of Indian households continuously depend upon different sources of traditional and unclean fuel for cooking.!!! Although, India
is stepping towards clean energy transition and providing affordable and cleaner energy to the households through various targeted subsidized
programs. Yet, access to cleaner energy is a faraway dream for rural households particularly in remote regions. According to NFHSS report 2019
-21, 51.7% households use clean fuel for cooking in Himachal Pradesh and 47.7% still utilize unclean biomass for cooking.[?! Furthermore, out
of all types of solid biomass, wood is highly used by women in open cookstoves in Himachal Pradesh (47.5%) [?1. Several studies had indicated
the significant linkage of use of biomass in kitchen and indoor air pollution. To provide a safeguard for the health and environment, Government
of India has launched the PM Ujjwala Yojana scheme in May 2016 to provide free LPG cylinder to poor families and stated that 94% households
have now LPG connection. [*! World Health Organization report on household air pollution and health (2015) reported that half of under-five
mortalities in world is due to the pneumonia caused by particulate matter.[*] As per the fact sheet of WHO (2022) household air pollution is
responsible for 3.2 million deaths in 2020 and women and children bear heavy burden of dangerous cooking.[®! The exposure of indoor air
pollution due to burning of solid biomass is particularly high among women and children who spend most of the time near open cookstoves.[%]
The inefficient combustion of biomass have long term exposure to toxic pollutants like fine particulate matter (PM) and carbon monoxide which
further associated with high incidence of respiratory infection, chronic lung disease and cancer.!”!. India faces a significant challenge in providing
clean energy to every household but as per the projections of international energy outlook, India will not fulfil the targets under 7.1 Sustainable
Development Goals (SDGs). By 2030, 39% Indians still rely on biomass for cooking.!® Clean energy technologies and methods are relatively
expensive as compared to traditional biomass. The behaviour of consumers plays a vital role in clean energy transition whether they want to
spend more on clean fuels and have awareness about dangerous effects of solid fuels.Umpteen studies are available in relation to use of solid
biomass and health problems in different regions and countries. None of study is found on this aspect particularly for Lahaul and Spiti district,
Himachal Pradesh. In the above background, the current study is aimed to explore the utilization of solid cooking fuels and its association with
different health problems faced by tribal females, along with barriers towards to adopt clean cooking fuel in remote villages of Lahaul Spiti,
Himachal Pradesh. The strength of the study is covering of tribal females of hilly remote region of Lahaul and Spiti valley that is also High
Priority District of Himachal Pradesh. Moreover, the study is analysing the impact of use of solid cooking fuel and its related health problems
among tribal females. The study also concentrates on the barriers towards the use of LPG adoption in their homes.
Literature Review
The use of solid cooking fuels such as wood, charcoal, cow dung cakes is strongly associated with a range of adverse health effects 1. Existing
literature reveals a consistent and negative association between the use of traditional fuels and health problems. Large-scale prospective studies,
such as the PURE study involving over 91,000 adults across 11 countries, had found that households using solid fuels for cooking face increased
risks of all-cause mortality, cardiovascular disease, and respiratory diseases compared to those using clean fuels like electricity or gas.
Specifically, hazard ratios for all-cause mortality, cardiovascular disease, and respiratory disease were all elevated among solid fuel users and
Household Air Pollution (HAP) is a major risk factor for chronic disease 1. A longitudinal study from China supports above findings, showing
that solid fuel use for either cooking or heating is linked to higher all-cause mortality and greater risk was observed among those using solid
fuels for both purposes simultaneously 32331, Combustion of these fuels releases harmful pollutants, including particulate matter, nitrogen oxides,
benzene, formaldehyde, and carbon monoxide, which contribute to increased risks of respiratory diseases like tuberculosis, chronic obstructive
pulmonary disease (COPD), asthma, and acute lower respiratory infections ], These health risks are especially pronounced among women and
children, who spend more time near cooking areas and are thus more exposed to toxic smoke [3%34], The literature consistently emphasizes that
the health burden from solid cooking fuels is substantial and that promoting cleaner alternatives is critical for reducing morbidity and mortality,
especially in low- and middle-income countries where reliance on solid fuels remains high 331,
Material and Methods
Study design and Area
The current study is community based and cross-sectional study conducted among tribal females in remote villages of Lahaul and Spiti district,
Himachal Pradesh. Lahaul and Spiti is the largest district by area in Himachal Pradesh, India, located in the northern Himalayas at coordinates
approximately 32°30'N 77°36’E. The terrain is mountainous and consists of two distinct regions: Lahaul, known for its green valleys like the
Chandra, Bhaga, and Chandra-Bhaga valleys, and Spiti, a high-altitude cold desert with an average valley floor elevation of 4,270 m (14,010 ft).
According to the Census of India 2011, the district Lahaul and Spiti comes under the Trans-Himalayan zone and is situated in the northeastern
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part of Himachal Pradesh. The district is divided into three main subdivisions — Keylong (Lahaul), Kaza (Spiti), and Udaipur, and on the basis
of community development blocks, it is divided into parts — Lahaul Valley and Spiti Valley. The district Lahaul and Spiti has a rural population
31,564, and the total villages belonging to Lahaul and Spiti Valleys are 231 including inhabited and uninhabited.l'"” The harsh aspect about the
Lahaul and Spiti is the district is cut off from the rest of the world from November to march due to heavy snowfall and severe climatic conditions.
Therefore, the widen research gaps are present for this remote and high-priority district of Himachal Pradesh.

Study Sampling Framework

In sampling framework, sample size for current study was computed by single proportion formula:

n=Z7%P (1-P)/ d?

where n is sample size here and z is the statistics corresponding to 95% level of confidence. P is the expected prevalence of the key variable and
d is the precision level or taken as margin of error. In current study, value of P is 72% [? shows the proportion of households using unclean fuel
and 5 % margin of error corresponding to 95% CI. By using this formula, the calculated sample size was 482 and including 10% non-response
rate. Hence the final sample size was 530. Households were selected through two stage random sampling technique. At the first stage of sampling,
Lahaul and Spiti district was selected due to High Priority District of Himachal Pradesh. At second stage, on the basis of population parameter,
high populated villages were taken out from Lahaul division and Spiti division. A total of seven villages from both development blocks- Keylong,
Jispa, Koksar, Udaipur, Triloknath, Kaza Khas and Kaza Soma were selected to identify the households. At last stage, female respondents were
chosen from sampled villages through random number tables. A total of 480 women was interviewed through structured questionnaire after
getting their consent to participate in the research. Rest of the participants did not give consent to participate in the study

The presentation of research framework of the current study is shown in figure 1
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Statistical Analysis

Data analysis was done with the help of RStudio Team (2020). RStudio: Integrated Development for R. PBC, Boston. To carry out empirical
analysis, descriptive statistics — mean and percentages were computed. Later on, Principal Component analysis was used to calculate wealth
quintiles for each respondent and classified into three categories- rich, medium and poor. Bivariate and multivariate logistic regression technique
were employed to determine the association between health problems and use of unclean fuel through odds ratio. Crude odd ratio and adjusted
odd ratio were computed at 5 % significance level in this study and findings were based on adjusted odds ratio (95% CI). Logistic regression
goodness of fit was tested by Hosmer and Lem show test based on chi square, indicates good fit (p> 0.05).

Mathematically, the logistic regression model can be explained as:

- -1
P=E(¥ =)
Or
P=bo+ b1 X1 +b2Xo+ +biXk

It can be rewritten as for one predictor variable
1
PY) = ToGerem

For multiple explanatory variables
1

P(Y) _1+e—(bo +b1X1+ ————————————— +by Xi)
1
P(Y)=
( ) 1+ez‘zk
e’k
rP=
0 1+e %

Where Zk = bo +b1 Xi+ ------ + biXk
P is probability of occurrence of event and (1-P) is the probability of non-occurrence of event.
P(Y) = e%
1-P(Y)
For obtaining outcome, Take Log on both side
o= In (22)

1-P(Y)
Study variables
In this study, the outcome variable is use of unclean fuel or any solid biomass during cooking which is binary in nature and coded as 1= use of
unclean fuel and 0= use of clean fuel. Various independent variables were taken into consideration such as demographic variables- age, education
status, occupation status and wealth status. Variables on cooking practices- type of cooking fuel, separate place of kitchen, daily exposure to solid
fuel and duration of solid fuel use were also recorded. Furthermore, self-reported health problems reported by study participants were noted and
classified into five categories with two responses- “Yes or No’.
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Table 1: Descriptive Statistics of study participants of Lahaul and Spiti, Himachal Pradesh (n=480)
Variables Coding Frequency (%)
Age in years 20-30 256 (53.4%)
31-40 184 (38.3%)
41-50 40 (8.3%)
Education level No education 105 (21.9%)
Grade 1-5 120 (25%)
Grade 5-12 195 (40.6%)
Graduation and above 60 (12.5%)
Occupation level Homemaker 326 (67.9%)
Daily wager 99 (20.6%)
Salaried 55 (11.5%)
‘Wealth status Poor 206 (42.9%)
Medium 159 (33.2%)
Rich 115(23.9%)

Source: Authors Elaboration based on Field Survey

Table 1 describes the baseline characteristics of study participants of remote villages of Lahaul and Spiti, Himachal Pradesh. A total of 480 tribal
females had randomly picked and participated in the present study. Out of 480, 256 belonged to 20-30 years of age (53.4%), 184 belonged to 31-
40 years of age (38.3%) and 40 belonged to 41-50 years of age (8.3%). The mean age of study participants was found 26.9 years Regarding the
literacy level of the participants, majority of female respondents ranged in grade 5-12 (40%), followed by grade 1-5 (25%) and graduation and
above (12.5%). In our study, 22% respondents were found completely illiterate. Female participants were categorized into homemaker (n=326,
67.9%), daily wagers (n=99,20.6%) and salaried monthly (n=55,11.5%). Of the surveyed households, majority of study participants belonged to
poor class family (42.9%) and one third belonged to medium class families (33.2%). Only 23% female participants belonged to rich families.
Table 2: Distribution of study participants according to usage of different cooking fuels and practice (n=480)

Type of cooking fuel Frequency (%)
LPG only 119 (24.8%)
Solid biomass only 136 (28.3%)

Mixture of LPG and solid biomass

225 (46.9%)

Place of kitchen

Separate

138 (28.8%)

Inside the room

96 (20%)

Outside the room

246 (51.2%)

Duration of solid biomass use

<5 years 124 (34.3%)
>5 years 237 (65.7%)
Daily time spent with open cookstoves
30 Minutes 23 (6.3%)
1-2 Hours 167 (46.3%)
>2 Hours 171 (47.4%)

Source: Authors Elaboration based on Field Survey

Table 2 shows the distribution of study respondents as per the utilization of cooking fuels. Of the 480 study participants, 225 respondents were
doing fuel stacking- utilize a mixture of LPG and Solid biomass (46.9%). 24.8% respondents reported about use of clean fuel and 28.3% used
only solid biomass or traditional fuels. On cumulative basis, 361 female respondents ever exposed to unclean fuel in this study (75.2%). On the
other hand, 51% female respondents cooked outdoors without any separate kitchen. Most of women respondents cooked outdoor had traditional
firewood cookstoves. 28% women participants had separate kitchen in their houses and cooked food in the kitchen. only 20% women participants
cooked food inside the living room or bed room (n=96). On analyzing the cooking practices among study participant, 480 women respondents
involved in cooking presently. Of 480 participants,237 (65.7%) women were involved in cooking practice more than 5 years while rest of them
124 (34.3%) were doing cooking less than 5 years. The mean years of use of solid biomass among study participants were found 7.1 years. Out
of 361 study participants using solid biomass, 47.4% female spent more than 2 hours in front of open cookstoves and 46.3% women spent 1-2
hours daily. The mean time spent by study participants with solid biomass was found 2.2 hours.

Table 3 Major self-reported Health Problems by women respondents (n=480)

Health Problems

Frequency (%)

Skin infection

233 (48.5%)

Lower respiratory infections

225 (46.9%)

Common eye infection

198 (41.3%)

Chronic obstructive pulmonary disease

94 (19.6%)

Cardiovascular diseases

82 (17.1%)

Source: Authors Elaboration based on Field Survey

In the current study, the self-reported health problems stated by study participants were categorized as- skin infections, lower respiratory
infections, common eye infection, chronic obstructive pulmonary disease and cardiovascular diseases and described in table 3. Of the study
participants, 48.5% reported various dermatological infection while cooking the food- bruises, skin burn and red rash (n=233). Similarly, 46.9%
women respondents suffered from lower respiratory infections like cough, running node, nasal congestion and dry cough. 41.3% women suffered
from common eye infections, 19.6% respondents reported COPD and 17.1% had problem of cardiovascular. Hence, the burden is especially
severe for tribal females, as they spend extended hours each day cooking in smoke-filled environments and exacerbating their exposure to harmful
pollutants. Figure 2 demonstrates various barriers in the path of adoption of clean fuels cited by tribal females of Lahaul and Spiti region. The
primary reason for non-adoption of clean fuel was found high initial cost of LPG cylinder (53.3%) followed by loss of taste of food (45.1%). In
addition to this, 42.6% tribal females reported about potential disruptions in supply of LPG in hilly terrains and 25.9% found hardships to refill
the cylinder on time. Due to easy availability of firewood, dry shrubs and cow dung cakes in hilly terrain, tribal females were use solid fuels
instead of clean fuel. The other barrier cited by tribal females was that lack of awareness about health benefits with adoption of cleaner fuel
(23.8%) whereas 17.6% females reported that they did not know the harmful effect of solid fuel on health. Only 5.8 % tribal females cited social,
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custom barriers and misconception toward use of LPG for cooking. Hence, the adoption of clean fuels like LPG in tribal areas of Himachal
Pradesh, such as Lahaul and Spiti valleys, faces several significant barriers. Affordability to clean fuel, Physical accessibility, cultural preferences
and availability of free biomass, low education and awareness level were found as major and challenging obstacles among tribal households in
Lahaul and Spiti.

Figure 2: Barriers toward adoption clean fuel among tribal females

Barriers toward adoption of clean fuel

Social and Custom factors (D 5.8
Lack of information about health problems A 7.6
Lack of awareness about use of clean fuel [ NG :
Hardships to refill LPG cylinder A 25.9
Positive attitude towards use of clean fuel NG 7.
Easy availability of firewood shrubs in local areas A 39.4
Problems related to distribution of LPG cylinder A 2.6
Tendency to decrease the taste of food R 45,1

High Cost of LPG cylinder I NNE 3.3

0 10 20 30 40 50 60
H Percentage

Table 4 Bivariate and Multivariate logistic Regression analysis of socio-economic variables and health problems with usage of unclean

fuel (n=480)

Variables Coding Exposed to unclean fuel Crude Odd Ratio Adjusted Odd Ratio
Yes (n=361) No(n=119) (95% CI) (95% CI)
Wealth quintiles Poor 180 (37.5%) 26 3.41 % 3.09 **
(5.4%) (1.26-4.80) (1.14-5.11)
Medium 134 (27.9%) 25 2.82 % 2.67 **
(5.2%) (1.77-4.21) (1.43-4.55)
Rich 47 (9.8%) 68 1 1
(14.2%)
Occupation level Homemaker 278(57.9%) 48 2.96 ** 2.54*
(10%) (1.33-4.08) (1.13-4.51)
Daily wager 71(14.8%) 28 1.69 ** 1.28 *
(5.8%) (1.47-3.88) (1.03-3.57)
Salaried 12(2.5%) 43 1 1
(9.0%)
Education status Illiterate 93(19.4%) 12 3.72 ** 3.41 *
(2.5%) (1.84-4.99) (1.67-4.45)
Grade 1-5 100(20.8%) 20 2.11* 1.94*
(4.2%) (1.62-5.73) (1.35-4.71)
Grade 5-12 144(30.0%) 51 0.82 0.44
(10.6%) (0.55-3.81) (0.10-2.47)
Graduation 24(5.0%) 36 1 1
(7.5%)
Skin infections Sufferers 220(45.8%) 13 4.87 * 4.62 *
(2.7%) (1.89-6.12) (1.47-6.91)
Non sufferers 141(29.4%) 106 1 1
(22.1%)
Lower respiratory infections Sufferers 20141.9%) 24 3.64 ** 2.85 **
(5.0%) (1.54-4.21) (1.20-4.66)
Non sufferers 160 (33.3%) 95 1 1
(19.8%)
Common eye infection Sufferers 190 (39.6%) 8 3.02% 2.94 *
(1.7%) (1.17-5.91) (1.05-6.08)
Non sufferers 171 (35.6%) 111 1 1
(23.1%)
Chronic obstructive Sufferers 65(13.5%) 29 2.15* 1.93*
pulmonary disease (6.0%) (1.29-3.58) (1.55-4.05)
Non sufferers 296(61.7%) 90 1 1
(18.8%)
Cardiovascular disease Sufferers 61(12.7%) 21 4.98* 4.24 *
(4.4%) (1.14-7.35) (1.07-8.62)
Non sufferers 300 (62.5%) 98 1 1
(20.4%)

Source: Authors Elaboration based on Field Survey

Note: 1 reference category, * 5% significance level, ** 1% significance level, CI confidence interval

The results of bivariate and multinominal logistic regression analysis of various independent variables to use of unclean fuel was elucidated in
table 4. Odds ratio of both binominal and multinominal model show significant association of utilization of solid biomass with respect to socio
economic and health status of tribal females. Being ever exposed to solid cooking fuel was significantly associated with wealth status of female
participant. The odds of poor income class female had 3.09 times more probability to use unclean fuel (CI=1.14-5.11, p<0.01) followed by
medium income class female (AOR= 2.67, CI=1.43-4.55, p<0.01) as compared to female belonged to rich income class. The likelihood to use
unclean fuel was found more among homemakers (AOR= 2.54, CI=1.13-4.51, p<0.05) and daily wager female respondents (AOR= 1.28,
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CI=1.03-3.57, p<0.05) as compared to salaried class females. Odds of use of unclean fuel was found more among illiterate women (AOR=3.41,
CI=1.67-4.45, p<0.05) followed by grade 1-5 (AOR=1.94, CI=1.35-4.71, p<0.05) as compared to graduate women participants. In case of health
status of female participants, being exposed to solid biomass was significantly associated with skin problems among female respondents
(AOR=4.62, CI=1.47-6.91, p<0.05). The likelihood of being respiratory infections was 2.85 times more among female respondents who used
solid cooking fuel (CI=1.20- 4.66, p<0.01). Ever exposed to solid fuel was also significantly associated with common eye infection (AOR=2.94,
CI=1.05-6.08, p<0.05), chronic obstructive pulmonary disease (AOR=1.93, CI=1.55- 4.05, p<0.05) and cardiovascular disease (AOR=4.24, C1=1.07-8.62,
p<0.05). Hence the risk of different health problems and infection was found more in study participants who ever exposes to unclean biomass. On
bivariate analysis and multivariate analysis, study participants with health diseases showed significant association with use of unclean fuel.
Discussion

The current study analyses the risk factors of using solid biomass fuel for cooking among tribal women in Lahaul Spiti. Out of 480 study
participants, majority of tribal females used mixture of solid biomass and LPG (46.9%), 28.3% used solid biomass only and 24.8% utilized LPG
for cooking and in line with study conducted in India by Ranjan et al. ) High-end use of solid fuel was found more among less educated and
homemaker women participants due to idle time for cooking. '%!"] Afridi Farzana et al concluded that time saving behaviour among women can
make a dramatic shift toward clean energy and fall in health burden.['? Carlos and Johannes studied that educational achievement is highly
positively correlated with use of LPG, educated women use clean fuel for cooking from health and time perspective.[!*] Use of solid biomass was
significantly associated with wealth status of household. In our study, the odds to use unclean fuel was found more among poor income class
respondents (AOR=3.09, CI=1.14-5.11, p<0.01) as compared to wealthy female respondents.!'*! James et al (2020) analysed that socio economic status,
education level, occupation and age were significantly associated with the use of unclean fuel. Odds of women who exposed to solid fuel showed a significant
association with self -reported health problems.!'! While asking about non-adoption of LPG to tribal female participants, they reported major challenges in day-
to-day life - lack of financial sources, high initial cost of LPG and monthly refill cost of cylinder. Furthermore, they pointed out lack of implementation of Pradhan
Mantri Ujjwala Yojana in our remote hilly areas and didn’t get timely subsidy through this program. One striking point was coming out in present study that few
rich women participants used unclean biomass for the sake of tasty food and easy availability of animal waste and dry shrubs at home, without any consideration
of serious health implications of solid fuel. Ranjan et al (2020) studied the pre and post implementation of PM Ujjwala yojana and found that program had failed
to increases the consumption demand for clean fuel among rural people.!'®!” During survey, tribal females reported various health problems while preparing the
food on traditional cookstove, it includes dermatitis, itchy skin or bruises, skin burns, throat itching, cough with phlegm, dry cough, running nose, nasal congestion,
red and dry eyes, tearing of eyes, reduced eye vision, hypertension and cardio infections. These health problems were categorized into major headings for analysis.
Being exposed to unclean biomass was significant associated with health problems among tribal women of Lahaul & Spiti- skin infection (AOR=4.62, CI=1.47-
6.91, p<0.05), lower respiratory infections (AOR=2.85, CI=1.20 - 4.46, p<0.01), common eye infection (AOR=2.94, CI=1.05-6.08, p<0.05), chronic obstructive
pulmonary disease (AOR=1.93, CI=1.55-4.05, p<0.05) and cardiovascular disease (AOR=4.24, CI=1.07-8.62, p<0.05). The findings of present study were
consistent with past empirical studies conducted in rural areas ['*1°2%, Ravilla et al (20160 conducted a population-based study in north and south India and
observed the association of solid biomass fuel with eye disease for women but not for men (AOR=1.20, CI=0.97-1.47, p<0.05) ?!I. Sandra Ofori. et al studied in
Nigeria and found that use of biomass fuel was significantly associated with high systolic blood pressure (OR = 1.67, CI=1.56-4.99, p<0.05) 2 Weihua
QU et al conducted study in China and found that use of solid fuels for cooking was significantly associated with diabetes, hypertension and
chronic heart disease [?>?4, The outcomes of past studies were also consistent with our present study regarding association between respiratory
disease and use of solid fuel for kitchen [252627-281, Liuy et al conducted study in rural south China and showed that use of biomass fuel in house is
highest risk factor for Chronic Obstructive Pulmonary Disease (COPD) [?°]. Hence, ever expose to solid biomass fuel like firewood, charcoal,
agriculture residue and animal waste for cooking creates more chances of health issues for women and children.

Conclusion and Implications of study

Indoor air pollution from burning of biomass fuel is a major risk factor for women and children’s health, as they daily inhale harmful smoke.
Various studies highlight the association between use of biomass and health problems. In conclusion, the current study is also highlighted the
significant association between use of solid biomass fuel and health problems. As per the outcomes of the study, tribal females of Lahaul and
Spiti highly dependent upon solid biomass without consideration about health implications due to various challenging obstacles of hilly terrain.
The study revealed that more than 40% women ever exposed to solid fuel suffered from skin infections, eye infections and respiratory infections
and nearly 18% tribal females suffered from lung and heart diseases. The study also highlighted the barriers toward non adoption of clean fuel
and LPG reported by tribal females through face-to-face interview. Adoption of clean fuels and LPG in the tribal and remote areas of Lahaul and
Spiti is restrained by a complex interaction of geographical, economic, and social barriers. The region’s rugged terrain and remote settlement
patterns create significant obstacles for regular LPG delivery, often requiring tribal households to walk long distances, sometimes up to half an
hour or more, to collect cylinders from roadside drop-off points and pay additional handling fees. The initial costs associated with establishing
an LPG connection—including government paperwork, a stove, and the purchase of one or more cylinders—can amount to several thousand
rupees, imposing a heavy burden on low-income tribal households. Therefore, household in tribal and remote villages were heavily dependent
upon solid biomass because of abundant access of free firewood which becomes a part of traditional cooking practices and act as a both cultural
preference and practical substitute for LPG. Despite high economic growth and various government schemes for adoption of clean fuel, energy
ladder is not realised in tribal and remote areas of India. On the basis of findings, improving LPG adoption in these regions requires addressing
cost barriers, enhancing distribution infrastructure, fostering social acceptance and awareness about health benefits, and building sustained policy
support that targets the tribal households of Lahaul and Spiti. Pradhan Mantri Ujjwala yojana should more strengthen in tribal and remote hilly
areas so that poor and marginalised households can get subsidized LPG every month and refill their cylinders.

Limitations of study: The major limitation of current study is not full coverage of low populated villages of Lahaul and Spiti because the climate
and terrain of Spiti valley is highly challenging for doing primary surveys. Moreover, children are not covered as a participant in this study. There
is much scope to enhance research in these remote villages.
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