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Abstract

Access to affordable, reliable and modern energy services is the primary
aim of Sustainable Development Goal 7 and underpins other SDGs for
improving health and welfare. In keeping with the SDG objectives, national
governments and development agencies have been advocating reduction of
households’ dependency on traditional sources of energy and encourage
the transition to clean energy. Whilst policy interventions for this have had
some success, a large proportion of households, especially in the rural areas
of developing countries still continue to face energy shortages and lack of
access to clean energy continues to be a major developmental challenge.
This study investigates the energy use of 295 rural households in three rural
villages in central Nepal. Results demonstrate that households continue to
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depend on traditional sources of energy with limited access to clean energy.
Furthermore, access to clean energy amongst households in rural Nepal is
determined by households and community socio-economic status. The paper
argues that much more needs to be done to enhance households’ access to
clean energy and reduce their dependency on traditional sources of energy
and the distributional implications of such measures need to be properly
considered.

Keywords: Traditional fuel, energy poverty, inequity, rural households,
bioenergy, Nepal.

Highlights
* We study energy use in rural areas of Nepal using a household survey
method.
* Rural households continue to overwhelmingly rely on traditional fuel
sources.

* Access to clean fuel depends on household socio-economic status.
* Lack of access to clean fuel impacts on people’s health and wellbeing.
* Energy interventions should have imbedded equity considerations.

1 Introduction

Energy supply is a fundamental input for economic activities, securing a
reasonable standard of living, promoting human health, enhancing techno-
logical innovation and achieving sustainable development [1-4]. Although
the Millennium Development Goals (MDGs) did not explicitly mention
energy, it was included as Goal 7 in the Sustainable Development Goals
(SDGs) and underpins almost all the other SDGs including reducing poverty,
improving women’s and maternal welfare, reducing child mortality rate,
enhancing access to education and maintaining environmental sustainabil-
ity [5, 6]. However, more than 3 billion people, mostly from developing
countries, lack access to “adequate, affordable, reliable, high quality, safe
and environmentally benign energy services to support economic and human
development” [7]. About one billion people, mostly in Africa, lack access to
electricity [8]. In Nepal, even those communities connected to the grid experi-
ence constant electricity black-outs due to chronic load shedding. Many rural
communities in developing countries have been experiencing an energy crisis
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to the extent that it is almost impossible to achieve the SDGs [8, 9]. Published
statistics indicate that the incidence of poverty is high in communities where
access to modern clean energy remains low and dependency in traditional
fuels is high, highlighting the importance of access to modern clean energy
for poverty reduction, livelihood sustenance, improving the well-being of
women and children, and environmental protection [10, 11].

The advantages of access to affordable clean energy are well documented
[12-14]. Provision of clean energy has a positive impact for achieving
sustainability right across the supply chain from the energy source to the
production system to service delivery and use. The sources of clean energy
are clean, abundant, affordable and available, and the production system
will have improved efficiency, integrated production, multigenerational and
waste recovery. Over reliance on traditional fuels such as fuelwood has led
to deforestation and coal burning has environmental problems reducing the
welfare of not only this generation, but also of future generation causing
issues of intergenerational equity and justice [15]. Also, the use of biogas
plants has provided opportunity to recycle wastes [16, 17]. At the service
delivery level the clean energy is considered to be more dependable, efficient,
practical and clean and efficient [18]. However, despite multiple advantages,
a large proportion of the global population especially from developing coun-
tries still lack access to affordable modern clean energy where they rely on
traditional fuels such as firewood, agricultural residues and animal dung cakes
for cooking, heating and lighting. A growing body of evidence suggests that
inefficient burning of traditional fuels leads to indoor air pollution (IAP) with
detrimental effects on human health causing diseases such as eye infections,
lung cancer, bronchitis, chronic obstructive pulmonary disease (COPD) and
acute lower respiratory infection (ALRI) [19-21]. IAP ranks as the third
major contributor to morbidity and mortality, only after malnutrition and
unsafe water and sanitation [22], causing more than 1.5 million deaths per
year, mostly amongst children and women across the developing world [23]
for which it is also called the “killer in the kitchen” [24]. In addition
to respiratory and eye diseases, dependency on firewood has other health
implications. Many women and children carry heavy bundles of firewood
orwooden logs on their shoulders, head and back causing muscular strain,
head, neck and back pains when transporting fuel from the forests to home
and local markets [25-27].

In many developing countries, access to education can be also be influ-
enced by not only having access to resources such as books, stationary,
schools and teachers, but also access to energy. Development interventions to
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electrify rural communities, such as the Humla district in Western Nepal, has
the potential to double the district’s combined “education” HDI factor from
0.23 to 0.46 within a decade [28]. Similarly, a growing body of literature has
found direct and positive impacts of access to electricity on education [29-31]
in many developing countries. Case studies from India [32]; Africa [33];
the Philippines [34]; Bangladesh and Vietnam [35] and Zambia [36] noted
that rural electrification, either through biogas or photo-voltaic solar power,
significantly contributed to lighting and thermal energy facilities in the
schools, mainly in rural areas. Similarly, another study demonstrated that
recurrent load shedding in Nepal until recent past has impacted all sectors:
residential, commercial and educational making access to clean energy a
major developmental challenge [37]. As a result, many school children,
especially girls, are kept out of school to assist in fuelwood collection [38]
sometimes walking more than 20 kilometres daily, contributing to a gender
imbalance in schools [3]. Furthermore, time saved from not having to go to
the forest to collect firewood, and preparing dung for cooking and heating,
can be used by reading and educational activities. A similar study in Nepal
reported that 11.5% of women in rural areas used the time saved due to the
availability of biogas in their houses for reading in the evening, particularly
for adult education, which has contributed towards reducing adult illiteracy
in Nepal [40]. Because communities and household members, especially
women, spend more time on the provision of fuel for households, they lack
sufficient time to be involved in income generating activities, adding to their
level of poverty.

This paper has three main objectives. Firstly, an investigation of issues
pertaining to energy provision and distribution amongst rural households in
Nepal. Secondly, a study of various aspects of rural households impacted
by insecure energy supply. Thirdly, the paper investigates the level of
households’ access to renewable and alternative sources of energy. This
paper seeks to answer two specific questions. Firstly, what are the energy
provisions across rural households in Nepal and secondly, which socio-
economic factors influence households’ access to modern clean energy in
rural Nepal. Fieldwork was conducted in three rural villages in central Nepal
where 300 households were interviewed, yielding a useable sample of 295
households.

The paper is divided into six sections. Section 1 introduces the topic
and outlines research questions. The status of Nepal’s energy consumption
is presented in Section 2, whilst Section 3 presents the research methods
including data collection and study sites. Section 4 presents the analysis of
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energy consumption patterns amongst the sample households whilst Section 5
presents a model for the households’ dependency on traditional fuel. Some
conclusions are drawn and recommendations are made in Section 6.

2 Energy Scenario in Nepal

Nepal has a huge potential for energy generation. There are an estimated
6000 perennial rivers and rivulets and small tributaries with an average water
runoff of 225 billion cubic meters. Studies of Nepalese energy potential
have estimated Nepal’s theoretical hydropower potential to be 83 GW, of
which 42 GW is considered technically and economically feasible [41, 42].
However only 1.53 per cent of Nepal’s total potential hydropower has
been utilised so far [43]. Data on Nepal’s energy requirements are still
sparse and patchy because an overwhelming proportion (80 per cent) of the
Nepalese population live in rural areas where recording of energy demand
and supply is virtually non-existent. Nepal’s energy demand is met by a
range of the sources, which can broadly be categorised into three categories
namely traditional, commercial and alternatives. The majority of Nepal’s
energy demand (87 per cent) is met through traditional sources such as
fuelwood (77.7 per cent), agricultural residues (3.7 per cent) and animal dung
(5.7 per cent) for most household activities including cooking, heating and
lighting [44].

The proportion of energy generated through commercial sources is about
12 per cent of national fuel consumption with coal (1.9 per cent), grid
electricity (2 per cent) and petroleum products (8 per cent) [45]. Aside
from hydropower, Nepal does not have domestic feedstocks for commercial
energy generation, Nepal’s energy generation is characterised by dependency
on imported fossil fuels costing 116.8 billion Nepalese Rupee in 2018.
Nepal imported 2.07 million kL. (kilo-litres) of petroleum in 2017/18 and
the demand for petroleum has been increasing steadily at a rate of 13.8
per cent annually, which has contributed to the trade deficit with India [46].
Data indicate that the proportion of Nepalese using LPG for cooking and
heating increased from 18 per cent in 2015 to 26.6 per cent in 2018/19 and the
per capita electricity consumption has also increased from 80 kilowatt-hour
(KWh) in 2015 to 260 KWh [46].

Nepal is still at an early stage of the Renewable and Alternative Energy
Technologies revolution as most RET technologies were not introduced until
the early 2000s. Although the use of RETs such as micro-hydro, solar and
biogas are in increasing, the share of RETs in the national energy supply
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remains rather modest with RETs contributing to only 1 per cent of national
energy consumption [47]. However, the growth of RETSs has been rather slow
mainly because of an ineffective institutional framework, political instability,
a lack of incentives, and equity and distribution concerns. Nepal imports a
large amount of energy from other countries in the form of oil, gas and coal.
For example, Nepal imported about 250 million litres of petrol, 810 million
litres of diesel, 18.5 million litres of kerosene, 125 million litres of aviation
turbine fuel (ATF) and 230,000 metric tonnes of LPG, which cost Nepal about
150 billion Nepali Rupees in 2018 [48].

The demand for electricity is increasing by more than 11.7 per cent
yearly [49]. Whilst Nepal has been officially declared an electricity surplus
country since 2018, only 77.45 per cent of peak electricity demand could
be met by the National Electricity Authority (NEA). The remaining 22.55
per cent was reported to have been adjusted through seasonal adjustment to
power distribution and purchase from India particularly during the winter
months [50]. Furthermore despite having a huge hydro potential, only 58
per cent of Nepalese households are connected to the national electricity grid
whilst another 9 per cent rely on off-grid renewable supplies [51]. More than
6.6 million Nepalese remain without electricity, despite Nepal officially being
declared an electricity surplus country [52]. Nepal has one of the world’s most
expensive electricity prices with NRs 10.92/kWh making it unaffordable for
many Nepalese [53]. As such, many Nepalese, especially in rural areas, use
electricity only for absolutely necessary purposes such as lighting. The rate of
electrification in Nepal demonstrates a clear urban-rural divide. Of the people
without access to electricity 10 per cent and 90 per cent for urban and rural
areas respectively [53]. More than a quarter of Nepal’s electricity production
(28 per cent) is consumed in the nation’s capital city Kathmandu [54].
Nepal’s inability to harness its hydropower has been attributed to a number
of factors such as lack of resources both financial and technical, political
instability, prolonged political transition, lack of political commitment and
accountability [55]. However, investments in the power sector, especially
hydro-power, is increasing in Nepal with 898 energy projects supported by
India and 629 by China [56].

Published statistics for energy consumption indicate the clear dominance
of the residential sector as 48 per cent of the country’s energy demands
arise from it. Despite being an agricultural country, agriculture is still subsis-
tence consuming only 2 per cent of the country’s total energy consumption.
Increasing population and expansion of the road network in the country has
meant that the share of the transport sector and industrial sector remains at
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Figure 1 Urban and rural household level energy consumption for cooking. Source: [58].

38 per cent whilst the commercial and service sector consumes 12 per cent of
country’s energy [57].

Figure 1 provides an overview of household energy consumption for
cooking for rural and urban households in Nepal. An overwhelming propor-
tion of rural households’ energy needs for cooking (81.4 per cent) are met
through fuelwood and animal dung (9.1 per cent) whilst a smaller proportion
of rural households have access to clean fuels such as LPG gas (3.9 per cent)
and biogas (2.4 per cent) for cooking. Rural households also rely on other
fuels such as charcoal (0.1 per cent) and kerosene (1 per cent) and agricultural
residues (1.8 per cent). However, a higher proportion (40.2 per cent) of urban
households had access to LPG gas as cooking fuel. Other clean fuels used
by rural households are biogas (3.2 per cent), and biogas (0.2 per cent). The
proportion of households using kerosene and fuelwood for cooking stands at
around 36.2 per cent and 15.8 per cent respectively. A small portion of urban
households relied on animal dung (2.5 per cent), agricultural residues (0.2
per cent), charcoal (0.2 per cent) and electricity (0.4 per cent) for cooking.
These statistics demonstrate that whilst a wide range of cooking fuels are used
at the household level, rural households primarily utilise traditional sources
of fuels whilst households in urban areas have access to cleaner fuels for
cooking. Indoor Air Pollution caused by burning traditional fuels accounts
for 2.7 per cent of the national disease burden accounting for more than 8700
deaths every year in Nepal [59].

3 Methodology

A mixed methods approach was used to investigate household and commu-
nity provision of energy in the mid-hills region of Nepal. The following
section describes the project sites, data collection and sample characteristics.
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Figure 2  Study sites.

3.1 Study Sites

The fieldwork for this research took place in three villages namely Lakuri
Danda village in Bhimeswor Municipality (Dolakha), Khudi village in
Marsyangdi Rural Municipality (Lamjung) and Bhachchek village in Ajirkot
Rural Municipality (Gorkha) in the mid-hills region of central Nepal
(Figure 2). All three villages were typical rural villages with agriculture as
the main occupation. Farmers in Lakuri Danda grew mainly potato, maize
and millet in pakho bari, and some farmers grew monsoon paddy in areas
with irrigation facilities called the khet land. The main crops grown in Khudi
and Bhachchek were Monsoon paddy and winter wheat in Khet land and
maize, millet and potato in areas without irrigation facilities called the pakho
bari. Many youths from the study villages were working abroad mainly
in the Middle East and remittance was an important part of the economy
at household level. Whilst all the villages were ethnically mixed, castes
such as Tamang, Gurung and Brahmin/Chhertri were prominent in Lakuri
Danda, Khudi and Bhachchek villages respectively. A large number of the
Thami caste (a highly indigenous ethnic group) were also living in Lakuri
Danda village. The climatic conditions of the three districts were similar but
varied within the districts ranging from sub-tropical in the southern parts,
temperate and sub temperate (in the mid-high hills) and tundra in the northern
mountains. As such, the major vegetation in all three villages was mostly
similar due to almost similar environmental conditions and altitudes.
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A number of community forests were present in the study villages. These
provided fuelwood, fodder, timber and many non-timber forest products
(NTFP) for the communities. The communities were served by local market
places such as Bhachchek, Khudi and Mude bazaars for the villages of
Bhachchek, Khudi and Lakuri Danda respectively where people could buy
daily essentials including food, clothes and other household items including
energy such as batteries, kerosene, candles. However, LPG gas was sold
only in bigger market places such as the district headquarters Besishahar,
Gorkha bazaar and Charikot for Khudi, Bhachchek and Lakuri Danda village
respectively and had to be transported often by porters and mules particularly
during the Monsoon season when ad-hoc rural roads were damaged.

3.2 Data Collection Method

Data for the research were gathered using a stratified random sampling survey
method. The research covered various aspects of community and household
energy provision, socio-economic aspects, gender and power relationships.
In order to capture community heterogeneities, households were selected
using a stratified random sampling procedure from different caste/ethnic
groups, wealth groups, household sizes and gender. For rural households,
fuel consumption mainly depends on two factors: the number of individuals
and cattle holding. In general, households cooked food for the family four
times a day including morning tea, lunch, snack and evening dinner. They also
prepared animal feed once a day. The PRA process revealed that households
spend about 20 per cent of the fuelwood collected for cooking animal feed
(kudo) for cattle whilst the remaining 80 per cent of the fuelwood is spent on
cooking food for the family annually. Households with access to LPG used it
only for cooking food for the family. The size of the cattle holding were given
20 per cent weighting whilst the number of individuals were given 80 per cent
weighting in dividing the households into different categories. Households
were divided into two groups namely ‘small’ and ‘large’ households based
on the composite index of appropriately weighting for cattle and individuals
in the family as mentioned above. The national average of household size (4.6
members) and average number of cattle per household (3.4 cattle) were used
as a boundary for this purpose [60, 61]. For example, if the size of the house-
holds fell below the national average for number of cattle and family members
then they were grouped in small household category and if they were above
the national average then they were grouped into large household category.
Similarly, income from various sources such as agriculture, business, wage
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labour, sale of animals, and remittance were combined together to create two
categories — poor and rich households. Based on the PRA exercise, 70 per cent
of an average rural household’s annual income (NRs 173,215) was used as a
boundary [62]. Samples were also drawn from across different caste groups
and gender on proportional basis to obtain a representative sample reflecting
the socio-economic heterogeneities of the communities.

The questionnaire was administered to household heads in the study
villages after being piloted in a randomly selected village outside the sample
frame. The pre-testing helped the research team to identify new and irrelevant
issues and refine/remove “difficult to answer” questions. Most households
are headed by men. However, in some cases households are headed by
widows or women whose husbands have left in search of employment in
other countries. In female headed households women carry out almost all the
work customarily assigned to men. However, usually women and children are
involved in collecting fuelwood for the household despite a male household
head. Women and children usually prune dry tree branches using sickles to
bring home fuelwood whilst men usually carry heavy wooden logs and use
axes to split them to make fuelwood. Similarly, household chores especially
cooking was usually undertaken by women. Men were often hesitant to go
into kitchen to cook in open fire cookstoves but if they did undertake cooking
they preferred LPG or biogas.

4 Results and Observations

4.1 Sample Characteristics

A total of five research assistants were involved during the development of the
sampling procedure and the data collection process. A total of 300 households
were surveyed, with 295 valid responses used in the final analysis as 5
questionnaires were discarded for being incomplete. The incomplete ques-
tionnaires resulted primarily from two factors. Firstly, although almost all the
participants were generally eager to answer the survey questionnaire, a small
proportion of respondents did not have sufficient information to answer some
of the questions being asked partly because of individual memory failure,
or the inaccurate recall of past events as well as from memory distortions.
Secondly, a small proportion of the household survey questionnaires were
not fully completed, which were excluded from the final analysis due to
incomplete information

Among the valid 295 households considered for analysis, the majority
of the sampled households (84.4 per cent) were large households and the
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remaining 15.6 per cent were small households. This is characteristic of many
rural households as they have large family sizes and agriculture remains the
main occupation for the majority of the residents. They also keep animals
for milk and manure. Dalit castes comprised 14.2 per cent of households
surveyed, while 85.8 per cent belonged to non-Dalit higher castes including
Brahmins/Chhetris and ethnic groups.

As expected, a greater proportion (54.2 per cent) of households were
headed by men while the remaining 45.8 per cent households were headed by
women. Generally, household members followed traditional family roles with
women undertaking household activities including collecting fuelwood from
forests and men were involved in non-household activities. The proportion
of female headed households in the villages considered for this research was
found to be higher than in many rural villages in Nepal. This could be because
many men from the sampled villages were away in foreign employment,
many of them working as labourers in India and Middle Eastern countries.

Samples were also drawn from different wealth categories namely poor
and richer households. The proportion of rich households in the sample was
58.3 per cent whilst 41.7 per cent of households belonged to the poorer
household group. The majority of households (71.5 per cent) were absolutely
dependent on fuelwood and agricultural residues for cooking and heating.
Whilst the remaining 28.5 per cent of respondents had access to LPG gas,
they still used fuelwood for cooking as LPG was comparatively very costly.
The majority of the sampled households engaged in agricultural practices (78
per cent), but they still had someone working abroad and sending remittance
(27.6 per cent), which has become a major source of household income.
Nonetheless, even though farmers reported alternative sources of employ-
ment such as business (8.8 per cent), the service sector (8.8 per cent), waged
labour (1.7) and a traditional ethnic job (1.7 per cent), they still retained
their agricultural practices reflecting the dominance of the sector in rural
households.

4.2 Household Energy Consumption

4.2.1 Biomass-based fuel

Table 1 shows the amount of fuelwood and agricultural residues consumption
amongst the sample households. The amount and type of fuels consumed
varied across different categories of respondent such as gender, household
size, wealth, caste and access to alternative fuel sources. Data indicate that
male headed households (M = 110.80, S.E. = 6.51, N = 158) consumed
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Table 1 Biomass-based fuel sources
Traditional Biomass-based Fuels

Improved Biomass-based

Weekly Time
Spent in
Fuelwood/
Agricultural Agricultural Household
Fuelwood Residues Total Residue Charcoal with Biogas
Category (Bhari)/Year (Bhari)/Year (Bhari)/Year Collection (Hr) (Kg)/Year (Per cent)
Male 110.80 (81.87)  9.74 (33.21)  120.79 (89.94) 13.76 (7.19) 28.42 (82.24) 52
Female 85.72 (62.50) 5.17 (9.61) 100.08 (72.63) 11.77 (1.74) 26.72 (75.98) 1.9
Large 103.80(75.19)  8.51(27.45) 112.48 (81.54) 13.61 (7.42) 30.39 (82.57) 4.0
Small 74.78 (66.39) 2.90 (3.25) 717.57 (67.55) 8.77 (8.58) 27.14 (78.83) nil
Higher Caste 94.76 (72.80) 8.25(27.23)  103.19 (80.10) 12.17 (7.20) 29.10 (81.80) 3.6
Lower Caste 126.02 (79.90) 4.06 (6.38) 130.08 (79.45) 17.02 (7.99) 19.17 (62.35) 2.4
Rich 93.19 (74.12) 6.44 (9.26) 99.77 (75.81) 12.65 (7.76) 31.50 (92.57) 52
Poorer 107.85(74.56)  9.35(37.84)  117.49 (85.84) 13.13 (7.13) 22.15 (55.10) 0.8
LPG users 71.42 (66.43) 6.28 (8.44) 77.70 (67.62) 7.87 (7.87)* 30.39 (80.71) 9.5
LPG-nonusers 110.43 (74.82)  8.20(29.56)  119.00 (82.28) 11.03 (8.19) 26.53 (78.88) 0.9

SD in Parenthesis.

statistically significant [t (295) = 2.96, p < 0.05] more bhari (head load) of
about 50 kg of fuelwood from forests compared to female headed households
M =85.72, S.E. = 5.38, N = 135).

As mentioned in the Methodology section, both the number of individuals
and the number of cattle in the household was associated with the amount
of fuel consumption annually. Therefore, larger households not only had
more individuals but also larger animal holdings requiring more energy
consumption compared to smaller households in the sample. As such, large
households (M = 103.80, S.E. = 4.78, N = 247) consumed significantly
more fuelwood ([t (295) = 2.44, p < 0.05] from forests compared to smaller
households (M = 74.78, S.E. = 9.79, N = 48).

Similarly, Dalit households were usually involved in their traditional
occupations such as ploughing, tailoring and making utensils and had fewer
animals compared to higher castes. Despite a common assumption that
Dalits have larger family sizes compared to non-Dalits [62], the sample
demonstrated that in fact the size of Dalit households was smaller (5.1)
compared to non-Dalits (5.3). This might be because the selected household
consisted of a larger number of ethnic groups such as Tamang, Gurung and
Thami, which tend to have a larger family size historically and culturally
as the practice of using birth control measures such as contraception has
only recently been adopted. However, the average number of animal holdings
amongst the Dalits was 3.9 cattle compared to 5.8 cattle amongst the higher
castes. Despite their smaller family size and animal holding, Dalit households
M =126.02, S.E. = 12.33, N = 42) consumed a significantly larger amount
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of fuelwood [t (295) = 2.54, p < 0.05] compared to households from the
higher caste group (M = 94.76, S.E. = 4.59, N = 253). A number of factors
contributed to this. Firstly, Dalit households had a smaller landholding, which
means they had access to less agricultural residues that could be used as
fuel. Secondly, a high rate of poverty amongst Dalits has meant that they
were unable to afford alternative fuels such as LPG. Lack of savings for a
cash deposit has meant that Dalits also missed out on government subsidies
for biogas installation. Thirdly, many Dalit households brewed local alcohol
(raksi) for their own consumption and selling in local markets as a way of
increasing their household income. The amount of fuelwood required for
brewing alcohol is significantly higher than cooking meals and the food for
the animals. Fourthly, because most of the Dalits households were living in
areas of low productivity called Khoriya, which were usually next to the
forests. This gave them easy access to fuelwood as they could collect dry
tree branches and twigs from the local forests to be used as fuelwood.

Similarly, as richer households were able to afford clean fuels such as
LPG from local markets and biogas plant installations in their homes, they
consumed less traditional fuel such as fuelwood from the forest compared to
poorer households. Despite being statistically non-significant, the amount of
fuelwood consumed by richer households (M = 93.19, S.E. =5.65,N = 172)
relied on less bhari fuelwood [(t = 295) = 1.66, p < 0.09] compared to
their poorer counterparts (M = 107.85, S.E. = 6.78, N = 121). Table 1
also reveals that a small proportion (about 27 per cent) of the sampled
households had access to LPG gas for cooking. Households with LPG gas
consumed less fuelwood (M = 71.42, S.E. = 7.25, N = 84) compared to
those households without access to LPG (M = 110.43, S.E. =5.18, N =209)
per year. The result of the t-test indicates that the difference is statistically
significant [(t = 295) = 4.16, p < 0.05]. Although households with access to
LPG gas consumed less agricultural residues (6.28 bhari) compared to those
without access to LPG (8.20 bhari) annually, the difference is not statistically
significant.

Table 1 also indicates that well off households such as male headed
households, richer households, higher castes, households with access to LPG
also have access to locally available and relatively cleaner fuels such as char-
coal and biogas. Charcoal was mostly used for heating purposes, particularly
during winter months, and considered to be a luxury by many respondents as
charcoal is more expensive than fuelwood. The amount of charcoal used by
higher castes (28.42 kg) is higher than female headed households (26.72 kg)
per year. Similarly, larger households consumed 30.39 kg of charcoal whilst
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smaller households consumed 27.14 kg of charcoal per year. Households
belonging to the higher caste category consumed 29.10 kg of charcoal com-
pared to only 19.10 kg of charcoal by Dalit households per year. Poorer
households consumed a small amount (22.15 kg) of charcoal compared to
their richer counterparts (31.50 kg) per year. Interestingly, households using
LPG gas were also using more charcoals (30.39 kg) compared to 26.53 kg
per year by those without access to LPG gas.

Table 1 shows that a higher proportion (5.2 per cent) of male headed
households had access to biogas compared to female headed households (1.9
per cent). None of the small households had access to biogas compared to
4 per cent of the larger households. Only 2.4 per cent of Dalit households
had access to biogas compared to 3.6 per cent of higher caste households.
Similarly, the richer household had a significantly higher level (5.2 per cent)
of access to biogas compared to a 0.8 per cent from poorer households.
Interestingly, a higher proportion (9.5 per cent) of households with access to
LPG were also using biogas whilst less than one percent of those households
without access to LPG gas for household were using biogas. Despite biogas
remaining a policy priority for the Government of Nepal, only 3.4 per cent
of the respondents were using biogas in the sample villages, which is very
low despite government policy of promoting the use of biogas in rural areas.
Whilst the uptake of biogas in Lakuri Danda was virtually non-existent
mainly due to the cold climate where anaerobic digestion is slow, biogas
uptake in Khudi and Bhachchek was also low despite being climatically
viable. However, the proportion of households with access to biogas facilities
differed greatly across different heterogeneities considered in this study.

In addition to the climatic constraint due to low temperature and higher
altitude, the different level of access to biogas could be attributed to a
number of other factors. Firstly, the costs of installation of a biogas plant
can range between US$ 340 and US$ 440, which is considered expensive for
rural households with annual per capita income of less than US$ 1000 for
rural areas [63]. Furthermore, the distribution of such interventions has not
been equitable as available subsidies have been targeted mainly at accessible
areas and for those who could afford the initial upfront costs. Secondly, the
tradition of keeping cattle particularly cows, bulls and buffaloes has been
declining in recent times resulting in a lack of sufficient dung for biogas
plants. The decline in cattle breeding in rural area is mainly due to a lack
of labour as many men are abroad in foreign employment. Also, income
from remittance in rural areas has reduced incentives for rural residents to
continue doing labour intensive jobs such as keeping cattle. Unreliable supply
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and growing price of fertilizers have meant that the dung produced is mostly
used as agricultural manure in farming. Thirdly, culturally dung is consid-
ered “dirty or filthy” and villagers mentioned that they are reluctant to use
biogas for cooking food. In addition to economic and technical constraints,
socio-cultural factors also play an important role in technology adoption as
demonstrated by numerous previous studies such in India [64], Nigeria [65],
Bangladesh [66] and Uganda [67].

Table 1 also presents information on time spent by sample households in
making provisions for fuel for household. It is clear that households spend a
considerable amount of time in providing fuel. On average households spend
more than 12.85 hours a week on collecting fuelwood from forests whilst
they spend 4.1 hours on collecting agricultural residues. Results of t-test
[(t=295) = 2.294, p < 0.05] indicate that male headed households spend sig-
nificantly more time (M = 13.76, S.E. = 0.568, N = 160) compared to female
headed household (M = 11.77, S.E. = 0.665, N = 135). Similarly, Dalit
households spend significantly more time in fuelwood collection (M = 17.02,
S.E. =1.23, N = 42) compared to households from higher castes (M = 12.17,
S.E. = 0.45, N = 253). The result of the t-test indicates that the difference
is statistically significant [(t295) = 3.968, p < 0.05]. On average, large
households spend more time on fuelwood collection (M = 13.61, S.E. = 0.47,
N = 249) compared to small households (M = 8.77, S.E. = 0.97, N = 46),
which is statistically significant [t(295) = 4.132, p < 0.05]. Similarly, non-
LPG users spend considerably more time (M = 11.03, S.E. = 0.57, N = 210)
compared to LPG user households (M = 7.87, S.E. = 0.87, N = 82) in col-
lecting fuelwood, which was statistically different [t(295) = 2.996, p < 0.05].

4.2.2 Non biomass-based fuel

In addition to biomass-based fuels such as fuelwood, agricultural residues,
charcoal and biogas, the households in the study sites had other sources
of energy including hydro-electricity, LPG gas, kerosene, candle and solar
power as shown in Table 2.

Data indicate that whilst in general households consumed a modest
amount of LPG, its consumption was varied along the different categories
of household group. Male headed households used almost twice the amount
of LPG (2.32 cylinders) compared to 1.34 cylinders a year amongst female
headed households.

Large households consumed nearly 2 cylinders of LPG a year compared
to 1.35 cylinders by small households. Similarly, owing to costs, the amount
of LPG consumed by Dalit households (M = 0.23, S.E. = 1.25, N = 42)
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Table 2 Non-biomass based fuel sources

Household
with
LPG Kerosene Electricity Candle Solar
Categories Cylinder/Year (Litres)/Year (KWh)/Year (Pack)/Year (Per cent)
Male 2.32(12.88) 9.78 (14.19) 27.37 (35.88) 17.39 (60.60) 5
Female 1.34 (2.82) 8.18 (12.73) 25.03 (24.30) 14.56 (24.91) 2.2
Large 1.97 (10.46) 9.1 (14.27) 27.10(31.93) 15.70 (46.39) 4
Small 1.32 (2.63) 8.8(8.54) 21.93(25.74) 18.2(54.06) 2.2
Higher Caste 2.14 (10.41) 7.97 (11.89) 27.19(32.69) 17.19 (49.10) 4.8
Lower Caste 0.23(0.82) 15.45(19.86) 20.98 (18.19) 9.47 (37.16) 3.6
Rich 2.66 (12.38)  7.21(11.73) 28.03 (35.15) 17.83 (56.15) 4.7
Poorer 0.76 (2.75) 11.6 (15.44) 23.82(24.01) 13.60 (31.61) 24
LPG users 6.25 (17.36) 3.77 (6.23)  35.91 (48.26) 30.33 (76.87) 4.8
LPG-non users Nil 11.16 (15.03) 22.42(19.27) 10.56 (26.50) 3.3

SD in Parenthesis.

was significantly lower [t(295) = 2.85, p < 0.05] compared to higher caste
households (M = 2.15, S.E. = 0.66, N = 252). Similarly, as richer households
could afford LPG, their use of LPG was five times (M = 2.66, S.E. = 0.94,
N = 172) compared to only 0.76 cylinder for poorer households (S.E. = 0.25,
N = 122). The difference in the amount of LPG used between rich and poor
households was statistically significant [t(295) = 1.94, p < 0.05].

Table 2 also shows that a small proportion (3.7 per cent) of sample
households used solar power for meeting some of their household energy
demands. However, a much larger proportion of better-off households such
as large households (4 per cent), high caste households (4.8 per cent), rich
households (4.7per cent), households using LPG gas (4.8 per cent) are using
solar power compared to worse off households such as small households (2.2
per cent), Dalit households (3.6 per cent) and households with no access to
LPG (3.3 per cent). The cost of a 100 Wp solar power system costs about
46,000 Nepalese Rupee and the average annual household income of NRs
173,215 for the area. Therefore, solar power installations are very costly and
only the households with good economic standing can benefit from available
technologies. These differences indicate worse off households are far from
having access to modern technologies such as solar power due to financial
constraints.

Despite Nepal being officially declared an electricity surplus country [39],
households in many rural communities were finding it extremely difficult to
meet some of the energy demands and had to rely on kerosene lamps and
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candles for lighting due to unpredictable power-cuts. Whilst kerosene has
been used for both cooking and lighting purposes historically when it was
cheaper, it is mainly only used for lighting purposes these days because it is
considered very expensive. The price of kerosene was reported to be about
119 rupees per litre costing more than 1066 rupees a year for households.
Table 2 indicates that worse off households such as Dalits, poorer households
and those with no access to LPG were using considerably higher amounts of
kerosene than households which are comparatively already better off such as
those from higher castes, richer and those with access to LPG. The difference
in the kerosene use amongst Dalit households (M = 15.45, S.E. = 3.1,
N = 42) is statistically significant [t(295) = 2.37, p < 0.05] compared to
higher caste households (M = 7.97, S.E. = 0.75, N = 251). Similarly, poorer
households (M = 11.65, S.E. = 1.40, N = 121) consumed significantly
more kerosene [t(295) = 2.66, p < 005] compared to richer households
M = 7.21, SEE. = 0.89, N = 172). Generally well off households, who
could afford LPG and wax candles, consumed less kerosene (M = 3.77,
S.E. = 0.68, N = 84) compared to households with no access to LPG
M = 11.16, S.E. = 1.04, N = 209). The differences between those are
statistically significant [t(295) = 5.95, p < 0.05].

Respondents also relied on wax candles for lighting especially dur-
ing the power cuts. Although statistically non-significant, Table 2 contains
some interesting insights as Dalits, and poorer households consume fewer
wax candles for lighting, which is considered less harmful than kerosene
[68, 69]. On average, Dalits households consumed 9.47 packs of candles a
year compared to 17.19 packs by higher caste households. Similarly, poorer
households consumed only 13.60 packs of candles per year compared to
17.83 packs by richer households. The t-test results [t(295) = 2.32, p < 0.05]
that households with access to LPG (M = 30.33, S.E. = 8.39, N = 84)
consumed a significantly higher amounts of candles per year compared to
those households without access to LPG (M = 10.56, S.E. = 1.83, N = 209).

4.3 Energy Security Amongst Sample Households

Despite Nepal being declared load-shedding free officially [39], and villages
considered for this research being connected to the national grid, residents of
the sample villages continue to suffer from severe energy crisis with frequent,
intermittent and unpredictable power cuts. Such power cuts are frequent
during the dry winter months when Nepal’s hydropower stations produce
less electricity as the volume of water in the rivers decrease. Table 3 shows



18 B. Pariyar et al.

Table 3 Household energy security
Availability: Abundance/Reliability/Purchaseability of Fuel Supply
in the Villages (Per cent)

Agricultural Biogas
Categories Electricity Fuelwood  Residues  Charcoal LPG Kerosene Candle Subsides
Male 26.4 76.1 36.5 15.7 17.6 18.9 65.4 1.9
Female 32.8 78.5 30.6 16.6 19.3 28.9 74.6 52
Large 28.3 77.4 35.2 13.3 17.7 20.6 70 4
Small 34.8 76.1 26.1 28.3 21.7 39.1 67.4 Nil
Higher Caste 31.1 71 343 17.5 20.6 242 72.9 3.6
Lower Caste 19 78.6 31 4.8 42 19.0 50.0 2.4
Rich 36.6 80.2 304 16.9 22.7 22.1 70.2 52
Poorer 19 73 38.5 13.9 12.3 25.4 68.9 0.8
LPG users 333 71.4 28.6 20.2 50.0 20.2 83.3 9.5
LPG-non users 27.8 79.5 359 13.8 5.7 24.8 64.1 0.9
Overall 29.4 77.2 33.8 15.6 18.4 23.5 69.6 3.1

the extent of energy insecurity in the study villages. On average, households
suffered more than 25 hrs of power cuts a week. Whilst the differences in the
power cuts across different groups were not statistically significant overall
only 29.4 per cent of the respondents reported that the supply of electricity
was reliable. It is worth noting that a small proportion of socio-economically
disadvantaged household such as the Dalits and poorer households reported
electric supply reliable. About 19 per cent of Dalit households reported
the electric supply as reliable compared to 31.1 per cent of higher caste
households, which was statistically significant (Chi-square = 10.63, d.f. =1,
p < 0.05). Also, only a small proportion of poorer households (19 per cent)
reported the supply of electricity as reliable compared to 36.6 per cent
of richer households. The Chi-square test indicates that the difference is
statistically significant (Chi-square = 10.634, d.f. =1, p < 0.05).

Table 3 also shows that whilst a higher proportion of respondents from
each of the different groups considered the availability of fuelwood in the
forest reliable, only a small proportion of the respondents considered the
availability of agricultural residues, which could be used as fuel as reliable.
This could be a result of recent shifts in agricultural practices. Many indi-
viduals mentioned that historically they only cultivated food crops such as
maize, paddy and millet, but these days vegetable farming such as potato,
cauliflower, cabbage and so on are in increasing trend. As many men and
youths have migrated to foreign countries for employment, the intensity of
agricultural activities has declined in recent years. Similarly, despite being
expensive, wax candles have been widely used for lighting purposes par-
ticularly in the evenings and nights during the power cuts, which are often
frequent and unpredictable.



Household Characteristics and Energy Provision 19

Table 4 Energy scarcity and household activities affected
Activities Affected as Results of Energy Shortage in the Villages (Per cent)

Category Cooking Lighting Business Heating Entertainment Education
Male 90.6 94.4 59.4 75 81.9 83.8
Female 91.9 97 58.5 77.8 85.2 87.4
Large 90.8 94.8 59 76.7 84.3 86.3
Small 93.5 100 58.7 73.9 78.3 80.4
Higher Caste 90.5 94.9 60.1 779 83.4 85.4
Lower Caste 95.2 100 524 66.7 83.3 85.7
Rich 90.1 94.2 68.3 76.2 83.7 84.3
Poorer 92.7 97.6 523 76.4 82.9 87.0
LPG users 91.7 94 70.2 76.2 81 84.5
LPG-non users 91 96.2 54.5 76.3 84.4 85.8

A high proportion of respondents reported candles availability to be
reliable as many local shops sell them due to high demand. However, despite
a reliable fuelwood supply, the use of charcoal was not very common in the
villages as it was only used for heating during winter months. Table 4 also
shows that the reliability of LPG gas and kerosene is generally low although
it varies considerably across different groups. For example, results from the
Chi-square test indicate that statistically a significantly small proportion of
worse off households such as Dalits (4.2 per cent), poor (12.3 per cent) and
non-LPG users (5.4 per cent) compared to their better-off counterparts such
as high castes (20.6 per cent), rich (22.7 per cent) and LPG users (50 per cent)
considered the LPG supply reliable. Similarly, despite the government’s drive
on biogas, a considerably small proportion of respondents across all the
groups considered the biogas subsides to be reliable and easy to access.

4.4 Impact of Fuel Insecurity on Households Activities

Since the case study villages are typical rural locations, the respondents
needed electricity mainly during evenings and nights primarily for lighting,
cooking and for their children to study. The villages did not have any
industries apart from a few small-scale home-based handlooms, carpentry,
and ironwork. As mentioned earlier, despite Nepal being declared a load
shedding free country, communities and households both in rural and urban
areas continue to experience frequent and prolonged power cuts, which is
mainly pronounced during the lean winter months. Even when the villages
were connected to main power lines, they still suffer frequent power cuts.
Table 4 shows how various aspects of households were impacted as a result
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Table 5 Reported health complications as a result of indoor air pollution
Health Complications as a Result of In-door Air Pollution (Per cent) N = 295

Categories Eye Irritation Cough Head/Neck Pain Burns Asthma Bronchitis Lung Cancer
Male 87.3 80.4 39.7 329 23.6 10.1 0.6
Female 83 71.1 43.4 34.1 24.6 15.2 1.5
Large 85.8 713 41.6 35.6 24.5 12.2 1.2
Small 82.6 69.6 40.9 21.7 21.7 133 0
Higher Caste 84.9 76.1 38.1 30.3 22.5 12.4 0.8
Lower Caste 88.1 76.2 60 52.4 333 12.5 2.4
Rich 82.5 74.3 37.2 35.1 26.3 8.2 1.8
Poorer 89.3 78.7 47.7 31.1 20.8 18.3 0
LPG users 75 59.5 41.9 19 13.3 9.6 1.4
LPG-non users 89.5 82.8 41.3 39.2 28.4 135 0
Overall 85.3 76.1 42.4 334 24.1 12.4 1

of energy shortages. The results indicate that a significantly higher proportion
of respondents across all the group categories reported that the shortage
of energy in the villages was affecting many aspects of their household
chores such as cooking, heating, communication and entertainment, local
businesses, small cottage industries, and students’ education. More than 90
per cent of respondents reported cooking and lighting being affected as a
result of fuel shortages. Similarly, aspects such as entertainment (watching
TV, listening transistor/radio) and children’s education have been affected by
more than 80 per cent of the respondents.

A slightly smaller proportion (more than 70 per cent) of households
reporting heating being affected is mainly because villagers mostly used
traditional fuel sources such as fuelwood and agricultural residues for heating
and use of electric/gas heaters was very limited as they were both costly
and energy-intensive. As the study villages did not have big industries and
businesses, only a relatively small proportion (more than 50 per cent) of the
respondents reported them affected as a result of energy shortage. Nonethe-
less, generally, all aspects of village life were impacted due to the severe
power shortage in the study villages.

Heavy reliance on traditional fuels such as fuelwood and agricultural
residues has detrimental effects on the environment and human health.
Table 5 shows some commonly reported health problems, which respondents
directly attributed to indoor air pollution caused by burning fuelwood in
open fire cookstoves. Some commonly reported health problems included eye
irritation, persistent cough, head/neck pain, burns, and asthma, bronchitis and
lung cancer.
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Overall, an overwhelmingly high proportion of respondents reported eye
irritation and teary eyes (85.3 per cent) and a persistent cough (76.1 per cent)
due to the use of traditional fuels such as firewood and dung. Lack of transport
facilities has meant that all the fuelwood was carried by people on their heads
and backs, which caused severe head and neck pains (42.4 per cent). As many
households were using open fire cookstoves, burns were commonly reported
(33.4 per cent) especially amongst children and women. The proportion of
respondents reporting asthma and bronchitis remained 24.1 per cent and 12.4
per cent respectively. A small proportion (1 per cent) respondents attributed
lunch cancer to indoor air pollution caused by burning fuelwood.

Whilst such health problems were very common amongst respondents
from different groups, the Chi-square test indicates that the incidence of
bronchitis between poor (18.3 per cent) and rich (8.2 per cent) was statisti-
cally significant (Chi-square=6.59, d.f. = 1, p < 0.05). Similarly, a higher
proportion of Dalits (52.4 per cent) compared to higher caste households
(30.3 per cent) reported ill-health. The difference was statistically significant
(Chi-square = 7.869, d.f. = 1, p < 0.05). The proportion of households
reporting health complications associated with indoor air pollution remains
smaller (except lung cancer) for those with access to LPG compared to those
with no access to LPG gas. The incidence of poor health conditions such
as eye irritation, asthma, cough, and burns was significantly lower amongst
households with access to LPG compared to households without access to
LPG gas.

5 Results and Discussions: Determinants of Households
Fuel Consumptions

In order to understand the socio-economic determinants of household depen-
dency on traditional biomass-based fuels i.e. fuelwood and agricultural
residues, a model was fitted. The following equation shows biomass-based
fuel consumption as a function of various socio-economic variables. The
left-hand side of the equation contains the dependent variable (the amount
of traditional biomass-based fuels) consumed by household Y. The right-
hand side of the equation contains a set of explanatory variables X, a
constant and error term. The dependent variable had a wide distribution and
slightly skewed towards the left, for which a logarithmic transformation was
done, which improved its normality for regression analysis. However, despite
logarithmic transformation, Breusch-Pagan test results indicate presence
of heteroscedasticity in the model. In order to put the results in context,
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Table 6 Definition of explanatory variables

Variables Explanation

Caste Dummy for castes (1 = Dalits, 0 = otherwise)

Size Dummy for household size (1 = larger household, 0 = otherwise)

Poor Dummy for Household Income status (1 = Poor, 0 = otherwise)

Gender Dummy for household head (1 = Male, 0 = Female)

LPG Dummy for household access to clean fuel (1 = LPG users, 0 = otherwise)
Time Time taken to travel forest for fuelwood collection

Occupation ~Dummy for households with agricultural based livelihood
(1 = Agricultural, 0 = otherwise)
Education Household head level of education in number of school year

appropriate heteroscedasticity consistent standard errors (S.E.s) (White’s
S.E.s) for the OLS estimator is provided. Both sets of multicollinearity
statistics (tolerance > 0.1) and VIF < 10) indicate multicollinearity not to
be a concern in the model. In order to avoid variable omission bias, two
variables namely household agricultural dependency and household income
(continuous variable) was introduced in the model. In many rural villages,
households which are farmers and do not have a secondary source of income
not only have a higher amount of agricultural residues to be used as a
source of fuel, but also lack financial capabilities to purchase clean fuels
such as LPG gas from the market. Furthermore, theoretically, agricultural
households generally have a higher number of animals to provide dung for
biogas plants, but this was not the case in the study villages. This is because
dung was mainly used as manure for crop cultivation and many households
lacked financial resources for biogas plants in their houses. Although the
introduction of additional variables increases the chances of multicollinearity,
it was not statistically significant in the model used in this paper. Whilst
household income was moderately co-related with poorer households, both
the added variables did not introduce multicollinearity that warranted their
omission from the model. Table 6 provides a list of explanatory variables
used in the OLS model.

The results of the OLS regression model are presented in Table 7. The
model has reasonable goodness of fit with R> = 0.48 and an acceptable
significance level of 95 per cent confidence interval. Gender is positively
and significantly related to the amount of fuel consumption. Although male
headed households appear to consume more traditional fuels, usually, the
women are involved in fuel provisioning for households including collecting
fuelwood from the forest and storage of fuelwood.
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Table 7 Socio-economic determinant for household dependency on traditional fuels

Variables Coefficient P-value
Constant 3.864 (170) 0.000
Gender 0.196 (0.088) 0.026
Access to Clean Fuel —0.421 (0.105) 0.000
Dalit Caste 0.282 (0.125) 0.025
Low Income 0.059 (0.091) 0.519
Household Size 0.433 (0.119) 0.000
Occupation 0.216 (0.114) 0.059
Education 0.005 (0.008) 0.582

Fuelwood collection time 0.001 (0.032) 0.976
R? = 0.48, Adjusted, R? = 0.46, F-Test = 7.387,
Breusch-Pagan test for heteroscedasticity 32.067

(p < 0.01), S.E. are provided in Parenthesis.

Access to LPG gas is negatively and significantly related to dependence
on traditional fuels. However, despite this, field observation revealed that
households were mostly using LPG for cooking food for the family. They
preferred to use fuelwood for cooking animal feed and at times when cooking
for large gatherings such as wedding, parties, and religious festivals. This
might be because LPG gas can be expensive for many rural households
whereas fuelwood is freely available in the local forests. Similarly, Dalit
castes are positively and significantly related to dependency on traditional
fuels. A number of factors are responsible for this. Firstly, generally Dalits
live next to the forests and have easy access to the fuelwood. Secondly, they
are also involved in brewing local alcohol called ‘raksi’, which requires a
significantly large amount of fuelwood for preparation. Thirdly, as many
Dalits in rural areas are poor they lack the financial capability to purchase
LPG or install biogas plants in their households.

Household size is positively and significantly related to traditional fuel
consumption. As the size of the households is determined not only by the
number of family members but also animal holdings, even those households
with access to LPG or biogas relied on fuelwood and agricultural residues
mainly due to costs and availability. Similarly, occupation is positively and
significantly related to the use of traditional fuels. The primarily agricultural
households are generally poorer with no alternative source of income and are
unable to afford LPG. Furthermore, agricultural households also have access
to cheap agricultural residues, which they use as fuel mainly for heating
purposes. Both education and time to visit local forests does not seem to have
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a significant impact on the household dependent on traditional sources of
fuel. This could be because of the fact that educational qualifications amongst
the respondents were not sufficiently high enough to get a high paid salary
making LPG affordable. Also, fuelwood is such a basic necessity, which is
difficult to substitute because of costs implications as substitutes such as LPG
and biogas plants are expensive for poverty-stricken rural households.

6 Conclusions and Policy Implications

Despite much emphasis on “affordable, reliable and modern energy services”,
traditional sources of energy, such as wood and agricultural residues, and tra-
ditional technologies continue to be used in many households in rural Nepal.
Whilst the amount of fuel consumed depends on the number of household
members and the size of cattle holding, data indicates that dependency on, and
consumption of, such traditional sources of fuel varies significantly amongst
households with different levels of socio-economic heterogeneities. This
paper has demonstrated that the poorer households and those households,
which are lower in the socio-economic hierarchy such as poorer households
and Dalits have a disproportionally high dependency on traditional sources of
fuel compared to those households which are higher in socio-economic het-
erogeneities such as richer households and non-Dalits. Furthermore, access
to improved fuel efficient gasifiers such as improved cookstoves amongst
the less well of households has meant that they are also relying heavily on
traditional ways of using fuel such ‘three stone’ fire places for cooking.
Access to clean energy, such as LPG, electricity, solar and biogas reduces
households’ reliance on traditional sources of fuel and traditional methods
of using them, which are detrimental to both the environment and human
health. However, despite much effort, the level of access to clean energy
continues to remain low for many households in rural Nepal. Fuelwood and
agricultural residues are primarily used for cooking and heating purposes
whilst kerosene and wax candles are used for lighting purposes. Furthermore,
socio-economically weaker households spend disproportionately more time
and experience relatively higher opportunity costs in provisioning fuel for
household consumption compared to their better off counterparts in rural
villages in Nepal. Also, even when they have access to modern clean fuels,
they are spending higher proportion of their household income on them
compared to their better off counterparts.

High dependency on traditional fuels and low level of access to clean
energy has impacted on various aspects of rural life such as cooking, heating,
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lighting, local businesses, study and human health amongst the households
in rural Nepal. More importantly, the data indicated that human health in
particular has suffered greatly due to the lack of access to clean energy
amongst households in rural Nepal. Health complications, such as eye irri-
tation, a persistent cough, head and neck pain, asthma and bronchitis, and
lung cancer, are associated with being exposed to smoke from burning
traditional fuels. However, the data indicate that the degree of impact of
lack of access to energy in general and clean energy in particular, has been
experienced differently amongst households with a varied degree of socio-
economic heterogeneities. Generally, households that are better off socially
and economically have better access to clean energy and they also experience
less negative impact from burning traditional sources of fuel.

The model demonstrates that the level of access to clean energy such
as LPG depends on various socio-economic heterogeneities existing in rural
societies in Nepal. Lower caste status, such as being a Dalit household, is
associated with a high dependency on traditional sources of fuel and a low
level of access to LPG. This is particularly due to the unaffordability of
expensive LPG and easy access to fuelwood and agricultural residues due
to households’ physical proximity to local forests. Similarly, fuel demand
for larger households is high and they rely most on traditional fuels such
as fuelwood and agricultural residues for household energy requirements.
Poverty coupled with closer proximity to forests means that Dalit households
disproportionally rely on fuelwood from forests for meeting their household
energy requirement. The data also indicates that the educational level of the
rural agricultural household members is not sufficiently high enough to be
able to afford LPG for meeting household energy demands and they continue
to rely on traditional sources of fuel including fuelwood and agricultural
residues. Similarly, a high level of dependency on traditional sources of
fuel means that the physical distance from local forests does not appear
to reduce households’ reliance on the household dependent on traditional
sources of fuel. This could be because fuelwood is such a basic necessity,
which is difficult to substitute because of cost implications as substitutes
such as LPG gas and biogas plants are expensive for poverty-stricken rural
households. The paper argues that enhancing people’s access to clean energy
and reducing their dependency on traditional sources of fuel continues to be a
challenge for rural households in Nepal. More importantly, efforts to enhance
access to alternative and renewable energy should consider socio-economic
heterogeneities existing in rural communities to realize the full potential of
energy interventions in developing countries.
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