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A B S T R A C T   

Our study investigates the relatively unexplored relationships between socio-economic factors and perceptions of 
climate change and their influence on household energy preferences in developing contexts, taking the case of 
Nepal. We aim to achieve two objectives: to create a robust model identifying key socio-economic and climate 
perception variables affecting household energy behaviour; and to compare the respective impacts of these 
factors. Applying a mixed-method approach, we surveyed 323 households across 49 districts and three phys-
iographic regions (high hills, mid hills and Terai plains) of Nepal. We fixed the explanatory and response var-
iables through literature review and evaluated three ordinal logistic regression models: one focused solely on 
socio-economic factors, the second only on climate perception and the third a composite model integrating 
both. Data statistics showed that 47 % of the respondents preferred no change to their existing energy status, 23 
% opted to rely completely on grid-electricity, 14 % favoured switching to renewables, while 16 % preferred an 
optimal combination of grid-electricity and renewables for their household use. The Composite-model was found 
to be the best fit model for our dataset. The identified key socio-economic factors include urbanization, education 
levels, and the availability of energy alternatives indicating a wide disparity in the energy access and use across 
the different socio-economic categories of Nepal. Likewise, magnitude and timing of summer and winter rainfall, 
changes in the household energy demands and community level subsidies were found to be the significant 
climate change perception variables. Hence, our findings highlight the need for better access to modern energy 
and financial incentives, mostly to the rural remote areas, and community-awareness initiatives throughout the 
country supported by comprehensive energy policies for sustainable renewable energy transition at the house-
hold level as well as in mitigation of the impacts of climate change. By enhancing this policy-science-society 
interface, our research contributes valuable insights for developing effective strategies to promote renewable 
energy adoption in similar developing contexts.   

Introduction 

The Intergovernmental Panel on Climate Change (IPCC) has reported 
that it would be difficult to achieve the pre-industrial warming levels of 
1.5 ◦C globally unless immediate steps, primarily pertaining to energy 
consumption, are strictly implemented to reduce the impacts of climate 
change (Masson-Delmotte et al., 2019). Adoption of energy technologies 

by a country is directly dependent on its infrastructural, environmental, 
and technical conditions (Baniya et al., 2023; Manasi & Mukhopadhyay, 
2024). Moreover, the energy consumption landscape is governed by its 
socio-economic settings, people's awareness, and capacity to adopt 
modern technologies (Franco & Taeighagh, 2024; Israel & Jehling, 
2019; Liao et al., 2021; Mukhtarov et al., 2020). For instance, the energy 
consumption of China was 40,207 TWh in 2019, which was considerably 
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higher than US (26,575 TWh) – the largest economy in the world, and 
India at 9,311 TWh; smaller economies recorded much lower figures 
(Ritchie et al., 2022). However, there are distinct North-South dispar-
ities in energy consumption patterns globally (Lin & Omoju, 2017; Weko 
& Goldthau, 2022). Energy consumption of the Global North is more 
concentrated in the transportation and industrial sectors (McGreevy 
et al., 2021). But the household energy consumption contributes 
considerably to the total energy use of the Global South (Nepal et al., 
2018). 

Making the transition to renewables has been a high priority 
worldwide. For instance, the climate and energy framework adopted by 
the European Commission (EC) targeting at 27 % share of renewables by 
2030 is an important commitment (EC, 2014). Sustainable development 
in line with SDG 7, European Green Deal, Agenda 2030 and other global 
efforts have provided some impetus to renewable energy transition 
(Borozan, 2022). Studies have shown that Europe is leading the transi-
tion while the rest of the world is following its lead in terms of tech-
nological development (Bhattarai et al., 2022; Bigerna et al., 2021). 
Moreover, it is established that countries with larger investment in 
research and development of energy systems are able to promote 
renewable sources, meet the energy demands sustainably, improve the 
living standards of the people and enhance economic growth (Adedoyin 
et al., 2020; Gümüş, 2015). Interestingly, studies have shown that 
renewable energy transition will not occur instantaneously (Johnstone 
et al., 2020). In fact, the global diffusion of renewables in the energy mix 
is more of an addition to the conventional generation systems rather 
than transitioning from it (York & Bell, 2019). Some energy scholars are 
doubtful whether the current renewable energy transition efforts are 
enough to sustain the growing demands (Johnstone et al., 2020). Studies 
have even raised concerns whether transitioning to renewables actually 
benefit decarbonization (Debnath & Mourshed, 2024). Due to these 
reasons, researchers have highlighted the need for a more radical and 
urgent change in the energy behaviour promoting transition to renew-
ables globally in order to mitigate the impacts of climate change 
(Johnstone et al., 2020; Millot et al., 2020). Moreover, expanding and 
modernizing energy systems in the global south has been the focus of the 
Sustainable Development Goal (SDG-7) (UN, 2015). 

Energy plays an indispensable role in supporting the overall devel-
opment of a nation, more importantly in the case of developing coun-
tries. Furthermore, energy transition and economic growth have a 
bidirectional relationship (Mohsin et al., 2021). As a result, researchers 
highlight the need to focus on increasing the accessibility to energy and 
efficiency considering the variations in the supply and demand sides 
(Verma et al., 2024). Abbas et al. (2022) identified common key socio- 
economic determinants of multidimensional energy poverty among a 
panel of developing countries. People tend to switch to modern and 
efficient technologies as well as increase the energy consumption as they 
climb up the energy ladder (Dominguez et al., 2021) and renewable 
sources become more desirable (Shahzadi et al., 2022). Adha et al. 
(2024) demonstrate that the current high levels of energy inefficiencies 
in the ASEAN countries are hindering their economic growth. Franco 
and Taeighagh (2024) assessed the interlinkages between the renewable 
energy technology adoption process and how they are perceived by the 
community in the Philippines. Shakya et al. (2022) show that diesel 
generated electricity still plays a critical role in substantiating the supply 
of national grid electricity in Nepal. Haldar et al. (2023) show the dy-
namic roles of rising renewable-energy share in the energy mix directly 
impacting energy poverty taking the case of sub-Saharan Africa. Kar-
atayev et al. (2016) underscore the importance of policy as drivers of 
renewable energy adoption in Kazakhstan. 

On a positive role, studies have identified ways to overcome the 
energy related challenges in the Global South. For instance, Raza et al. 
(2022) highlights the need for increased renewables in the energy mix 
for a sustainable energy future in Pakistan. Gautam and Bolia (2024) 
demonstrate the adoption of electric vehicles as a promising interven-
tion for sustainable transportation development in India. Likewise, 

Kapoor and Garg (2021) present the use of solar panels over irrigation 
canals in India as a feasible co-benefit of technologies to increase clean 
energy generation. Floating solar power station has been studied with 
scaling up possibilities in Azerbaijan (Mukhtarov et al., 2020). Nshi-
miyimana et al. (2024) highlight the importance of cooking-related 
awareness, behaviour change and marketing campaigns for switching 
to cleaner cooking energy technologies in Rwanda. Shakya et al. (2022) 
identified possible co-benefits of demand side energy management 
combining microgrids of diesel generators and solar PV for achieving 
energy security in Nepal. Bhattarai et al. (2022) focus on developing an 
‘energy ecosystem’ for sustainable use of energy while Bhattarai et al. 
(2024a) recommend increasing the ‘suppressed demand’ by strength-
ening the domestic renewable energy generation capacity of Nepal in 
the near future. Hussain et al. (2019) demonstrate how hydropower 
remains an important option for achieving renewable energy goals in the 
Hindu Kush Himalayan region by promoting micro-hydropower and 
fostering regional energy development and sharing programs. Likewise, 
Huda and McDonald (2016) underscore the importance of regional en-
ergy sharing in South Asia. Moreover, studies highlight the potential of 
the developing Asian economies in mitigation of greenhouse gas emis-
sions and climate change impact minimization provided public aware-
ness on the availability and adoption of renewable technologies is 
effectively created (Mohsin et al., 2021). 

People's energy use behaviour and climate change are inter-related. 
Therefore, understanding people's views and managing household en-
ergy consumption as an adaptation strategy to minimize the impacts of 
climate change is a major challenge for policy makers, especially in the 
developing world (Amrutha et al., 2018; Bahn et al., 2019; Bhat et al., 
2019; Ramagoma & Adendorff, 2016; Raza et al., 2022). This requires a 
proper understanding of the people's energy use perceptions and pref-
erences holistically (Sovacool, 2014). However, Windemer (2023) 
warns against assuming uniform energy use behaviours among people 
while Shrestha et al. (2019) cautions about the likely mismatch between 
science and people's perceptions. 

Numerous studies have investigated socio-economic factors influ-
encing people's energy perceptions. For instance, Koirala and Acharya 
(2022), Paravantis et al. (2018) and Dominguez et al. (2021) show how 
people's choice of fuel varied at the household level in Nepal, Greece, 
and Kenya, respectively. Taking the case of Canada, Hurlbert et al. 
(2020) underscore how the existing energy technologies and people's 
energy behaviour are not likely to be substituted by renewables until 
strong actors surface. Andreas et al. (2018) demonstrates how dispro-
portionate burdening of the energy consumers in Bulgaria undermined 
its renewable energy transition. Across many Asian countries, energy 
security is largely dependent on common socioeconomic determinants 
(Abbas et al., 2022). Li et al. (2021) highlight the importance of 
renewable energy policy-relevant treatments in household fuel saving in 
China. Hess and Mai (2014) point out the reluctance of developing 
countries to formulate policies which are supportive of renewable en-
ergy transition. Studies such as Proka et al. (2018) and Martinez and 
Komendantova (2020) analyze various aspects of social resistance to 
renewable energy transition in different parts of the world. 

A wide range of literature have examined how people perceive 
climate change and the consequent impacts on different socio-economic 
sectors. Recent studies have focused on agriculture (Chhogyel et al., 
2020; Paudel et al., 2020), hazards and adaptation (Devkota et al., 2020; 
Ghosh & Ghosal, 2020), forest management (Acharya et al., 2019; 
Dhungana et al., 2020) and socio-psychological assessments (Ballantyne 
et al. , 2016; Bremer & Linnenluecke, 2017), among others. Addition-
ally, researchers have attempted to standardize public opinions of 
climate change and their adaptations across different contexts and scales 
(van Valkengoed et al., 2021). 

Contemporary literature presents perception-focused studies on en-
ergy and climate change often aimed at specific energy technologies. For 
instance, Chung and Kim (2018) demonstrate that South Koreans do not 
support transitioning to nuclear power as a solution to climate change 
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reduction. Likewise, Poortinga et al. (2013) present an interesting case 
which showed that the Japanese people are reluctant to continue nu-
clear power plants for climate change mitigation compared to the British 
after the Fukushima tragedy. Moreover, a diverse set of factors have 
been found to influence energy use behaviour. For example, Tanti and 
Yena (2023) show that access to energy sources for irrigation is one of 
the major determinants of adoption of climate smart agriculture by the 
local farmers in an Indian state to mitigate climate change issues. 
Likewise, awareness and existing norms were found to be the most 
influential factors on the adoption of biofuels for climate change miti-
gation in the rural context of Iran (Yaghoubi et al., 2019). Interestingly, 
Karlstrøm and Ryghaug (2014) present political inclination of the people 
as a governing factor for adoption of renewable energy technologies in 
Norway in the wake of climate change. Moreover, it was found that the 
preference of development of new hydropower in Norway as a clean 
energy source was less impacted by people's pre-existing beliefs and 
more influenced by the direct benefits and the involvement of the 
stakeholders in the development process (Saha & Idsø, 2016). Evensen 
and Brown-Steiner (2018) report that people in the US do not believe 
that unconventional gas development (as an energy source) will have a 
considerable impact on global climate change. Moreover, attitudes of 
the people of Finland were found to be different for the national and 
global level climate policies underscoring the need for societal context- 
specific interventions (Sivonen, 2023). Likewise, Cho et al. (2024) 
mentions that achieving carbon neutrality in the building energy sector 
of South Korea is largely dependent on the occupants' behavioural 
characteristics in addition to the proper implementation of building 
codes. Debnath and Mourshed (2024) identify ensuring tangible out-
comes by implementing carbon pricing and removing energy subsidies 
while maintaining equitable socio-economic impact for all income 
category people as two important recommendations for decarbonization 
of Bangladesh's energy sector. Similarly, energy conservation and 
demand-side management have also been of interest in recent studies in 
the face of climate change (Han et al., 2022; He et al., 2023; Lacroix & 
Gifford, 2018). Thus, meticulous assessment of people's behaviours for 
minimizing energy consumption and the impacts of climate change is 
seen necessary. 

Moreover, studies comprehensively exploring the influential social 
and climate change-perception related factors on people's current and 
future energy preferences are scarcer in the developing world, particu-
larly South Asia and almost none in Nepal. In addition to developing a 
better understanding of the people's views, the findings of this study will 
be instrumental to the decision makers in identifying the areas of the 
society that need more attention while devising and implementing en-
ergy and climate change policies. Hence, we aim to contribute to this 
important policy-science-society interface in the energy sector. We take 
the case of a developing country – Nepal. More specifically, this study 
aims:  

1. to fit an optimal model for identifying the determinant socio- 
economic and climate change perception parameters impacting 
people's energy use behaviour at the household level; and  

2. to compare the respective influences of the parameters on people's 
energy transition preferences. 

The next section (Materials and Methods) explains about the 
geographical location and the current energy status of Nepal (Study 
Area). The subsequent section is on the adopted methodology in which 
the different steps are sequentially explained in the respective sub- 
sections. Household Questionnaire Survey explains the sampling strategy 
and provides additional details of the administration of the household 
questionnaire survey. Likewise, Data pre-processing provides information 
on data cleaning, basic statistical checks and multicollinearity analysis. 
Application of ordinal logistic regression model is on the categorization of 
the response variable and the modelling details. This is followed by the 
results of the data spread, collinearity and the three models. In the 

Discussion section, we discuss about the socio-economic variables, 
climate change perception variables and analyse the people's preference 
of energy transition based on the modelling results. We then conclude 
with key takeaway messages and policy recommendations in the 
Conclusion section. 

Materials and methods 

Study area 

Nepal lies in the central Hindu Kush Himalayan region landlocked 
between India and China (Fig. 1). Nepal can be roughly categorized into 
four distinct physiographic regions: mountains, high hills, mid hills, and 
Terai plains. 

In the fiscal year 2022/2023, Nepal's total energy consumption was 
14.943 million tons of oil equivalent (toe) (WECS/GoN, 2023). The 
country's energy mix comprises three primary sources: traditional 
(firewood, agricultural residue, and dry dung for direct combustion, 
64.2 %); commercial (petroleum, coal, and grid electricity, 33.3 %); and 
other off-grid renewable sources (micro-hydro, solar and biogas, 2.5 %) 
(WECS/GoN, 2023). Although overall access to electricity has increased 
from 29 % in 2000 to 92 % of the population in 2023 (NEA/GoN, 2023), 
51 % of the rural population still rely on firewood for cooking, 2.9 % use 
dried dung while only 1.2 % use bio-gas and <1 % use kerosene or other 
sources (CBS, 2021). Likewise, electricity, solar, kerosene, biogas and 
other sources are used by 92.1 %, 6.6 %, 0.6 %, 0.03 % and 0.62 % of the 
total population, respectively for household lighting (CBS, 2021). 

The annual electricity consumption of Nepal was 6789 GWh with a 
peak demand of 1870 MW in 2022/2023 (MoF/GoN, 2023; NEA/GoN, 
2023). Nepal's total installed power capacity was 2666 MW in the end of 
the FY 2022/2023, out of which large hydropower projects, solar, 
thermal, smaller renewable technologies and co-generation technolo-
gies from sugar mills contributed 2499 MW, 75 MW, 53.4 MW, 82 MW 
and 6 MW, respectively (MoF/GoN, 2023). Moreover, the private sector 
contributes significantly (55 %) to the total power installed capacity of 
Nepal (NEA/GoN, 2023). Nepal faces a loss (due to theft and trans-
mission losses) of about 13.5 % in the power sector (NEA/GoN, 2023). 
The total installed capacity of rooftop solar PV is 10.1 MW, that of 
micro- and mini-hydropower is 38.8 MW and local hybrid grids is 2.7 
MW (AEPC/GoN, 2023). In the FY 2022/2023, Nepal purchased 1855 
GWh year-round from India and exported 1333 GWh (~72 % of im-
ported electricity) during June to October (NEA/GoN, 2023). 

Methodology 

This study adopted a mixed-method approach in which we imple-
mented a series of steps: household survey, data pre-processing, and 
application of three ordinal logistic regression models to examine peo-
ple's preferences of energy transition in the household sector of Nepal 
(Fig. 2). 

Household questionnaire survey 
Household questionnaire survery was the first step of our research. A 

cross-sectional questionnaire survey was undertaken in 49 districts of 
Nepal encompassing 350 households over three physiographic regions, 
namely, high hills, mid hills and Terai plains. However, there is almost 
no human habitat in the mountain region (around above 3000 metres 
above sea level, masl) largely owing to its rugged terrain and harsh 
climatic conditions. Regions above 4000 masl have permanent snowline 
where the temperature is below freezing throughout the year, making it 
almost impossible for human settlement. Moreover, access to these areas 
is extremely difficult. As a result, our survey was confined to the 
remaining three regions. 

We made sure that the sampled households are representative of 
certain attributes related to our study aims (Table 1). Thus, capturing 
the diversity in the household energy use was the major adopted criteria 
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during survey site selection. Energy supply and usage varies consider-
ably across the different physiographic regions of Nepal. In addition, the 
rural, semi-urban and urban areas have varying energy consumption 
patterns. Therefore, these attributes were chosen as important factors in 
sites selection. Furthermore, the energy (mainly electricity) generation 

technologies vary according to different locations. Hence, survey loca-
tions were chosen such that the residents would be able to provide in-
formation about the industrial areas, major hydropower projects, 
representative micro-hydropower, solar and other off-grid renewable 
energy projects and how these projects would impact their energy 

Fig. 1. Geographical setting of Nepal. Dots indicate the locations where household questionnaire survey (n = 323) was carried out.  

Fig. 2. Research methodology implemented in the study.  
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availability choices. 
The high hills are less populated (in terms of population density as 

well as total population) compared to the mid hills while the Terai plains 
have the largest population. It can be seen from CBS (2021) that each 
Terai district has a contribution of >1.5 % to the total national popu-
lation while that of the mid hills range from 0.5 to 1 %. The contribution 
of each high hill district is <0.5 % in the national population. It has to be 
noted that 7 % of Nepal's population live in the Kathmandu district 
where the capital city Kathmandu is situated. We have tried to maintain 
this proportion in our sample size distribution for the survey. We 
sampled the 49 surveyed districts such that 14 districts (29 %) were 
selected from Terai, 11 districts (22 %) from mid hills and 24 (49 %) 
districts from high hills. More districts were chosen for the high hills to 
account for their fewer population compared to the other two regions. 
Moreover, 23 samples (7 % of our total sample size) were chosen from 
Kathmandu district which lies in the mid hills region. Similarly, CBS 
(2021) and WB (2024) report that about 22 % of the country's popula-
tion is located in urban areas, about 46 % in semi-urban areas while 33 
% are in rural areas. We have tried to partly maintain this proportion in 
our sample size distribution as well such that there are 87 samples (27 
%) from the urban areas, 63 samples (20 %) from semi-urban areas and 
173 samples (53 %) from rural areas. As with the high hill districts, more 
samples were chosen for the rural and semi-urban areas for two reasons. 
Firstly, it is to account for their fewer population compared to the urban 
areas. Secondly, there is a much larger variation in the use of household 
energy sources across the rural areas (Table 1:) compared to the urban 
areas which are mostly confined to grid electricity and LPG. 

Moreover, our classification was based on the homogeneity within 
the classes of each explanatory variable as well as the diversity across 
the classes. Therefore, based on the homogeneity of the sample clusters, 
the sample size utilized in this study is deemed adequate. Careful 
measures have been undertaken to ensure at least 30 samples for each 
group among the variables are maintained, confirming a robust sam-
pling representation. Readers are referred to Bhattarai, Maraseni, Dev-
kota, and Apan (2023) for additional details of the sampling strategy and 
survey. Hence, 350 was an optimum sample size that we could achieve 
within our time and other research resource constraints. 

Furthermore, randomization is an effective way to remove bias. 
Hence, the sampling strategy was so designed that first, the population 

was divided into strata, and then each household was randomly selected 
from each strata so that each household had an equal chance of being 
selected. The household database was collected and collated from local 
government offices. All households were numbered and randomly 
selected. Moreover, we did not select specific respondents from each 
household. Rather, selection of the respondents was done such that they 
were knowledgeable about their household energy related matters and 
are able to communicate their perceptions about local climatic context. 
In most cases, it was the household head who fell in this criterion but in 
other cases, other family members were more aware of the energy and 
climate contexts and had a stronger say in the household energy related 
decisions. We strongly believe that adopting these measures are indic-
ative of the reliability of the questionnaire as an instrument and the 
survey methods as a whole. 

Questionnaire was meticulously devised through an extensive review 
of literature, notably referenced from scholarly works such as Bhandari 
et al. (2018), Bhattarai, Devkota, Maraseni, et al. (2023), Braito et al. 
(2017), Cloke et al. (2017), Das et al. (2022), Ghimire and Kim (2018), 
Jacksohn et al. (2019), Liao et al. (2021), Matavel et al. (2023), Munro 
(2019), Roberts (2020), Salari et al. (2021), Strazzera and Statzu (2017), 
Tsvetanov (2019), Wiehe et al. (2021), and Winkler et al. (2018). After 
undergoing expert consultation and pre-testing, household surveys were 
conducted during December 2022 to February 2023. The ethical re-
quirements of Human Research Ethical Clearance HREC ID H22REA258 
issued by the University of Southern Queensland, Australia were strictly 
followed by trained enumerators while conducting the surveys. It was 
made sure that only local enumerators were selected who were well 
acquainted with the socio-economic, energy and climatic contexts of 
Nepal. For this, at least undergraduate level educated enumerators were 
selected for the survey. Moreover, the survey was conducted in Nepali 
language so as to facilitate easy communication between the enumera-
tors and the respondents throughout the survey locations. The re-
spondents were well-informed about their voluntary contribution to this 
research through the survey. They were also assured that anonymity 
would be maintained by coding the responses and that the respondents 
had no direct or indirect risk of anything beyond their day-to-day ac-
tivities by participating in this survey. In addition, they were also 
informed that they could withdraw from the survey at any time without 
any implications. 

Table 1 
Survey districts selection criteria.  

S. 
N 

Survey districts Sample 
size 

Physio- 
graphy 

Urbanization Electri-fication 
status 

Alternate electricity Remarks 

1 Kathmandu/ Bhaktapur / Lalitpur 60 Mid hills Urban/ semi- 
urban 

Electrified HH-solar Core city/ semi-urban areas 

2 Makwanpur/ Chitwan / Nawalpur 30 Mid hills / 
Terai 

Semi-urban Electrified/ non- 
electrified 

HH-/ local grid 
solar/ micro hydro/ 
diesel 

Kulekhani cascade, Lower Bagmati 
hydropower and diesel plant areas 

3 Gorkha/ Lamjung/ Tanahu/ Kaski/ 
Baglung 

45 High hills/ 
Mid hills 

Semi-urban/ 
rural 

Electrified/ non- 
electrified 

HH-/ local grid 
solar/ micro hydro 

Budhigandaki, Marsyangdi and 
Tanahu hydropower project areas 

4 Rautahat/ Bara / Dhanusha / Siraha/ 
Mahottari 

45 Terai Semi-urban/ 
rural 

Electrified/ non- 
electrified 

HH-/ local grid 
solar/ micro hydro 

Bagmati multipurpose project & 
Chandranighapur Solar project 
areas 

5 Dolakha/ Ramechhap/ 
Kabhrepalanchok/ Sindhupalchok 

45 Mid hills/ 
High hills 

Urban/ semi- 
urban/ rural 

Electrified/ non- 
electrified 

HH-/ local grid 
solar /micro hydro 

Upper Tamakoshi, Khimti 
hydropower & Sunkoshi cascade 
project areas 

6 Sankhuwasabha/ Illam/ Jhapa 30 High hills/ 
Mid hills/ 
Terai 

Semi-urban/ 
rural 

Electrified/ non- 
electrified 

HH-/ local grid 
solar/ micro hydro 

Arun III/ Kimathanka and many 
other hydropower project areas 

7 Morang/ Sunsari 30 Terai Urban/ semi- 
urban 

Electrified HH-/ local grid 
solar/ diesel 

Duhabi industrial corridor/ 
Biratnagar/ Dharan 

8 Dolpa/ Rukum West/ Dailekh / 
Surkhet / Achham/ Bajhang / Baitadi 
/ Darchula 

35 High hills Rural Electrified/ non- 
electrified 

HH-/ local grid 
solar/ micro hydro  

9 Banke/ Bardiya/ Kailali/ Kanchanpur 30 Terai Urban/ semi- 
urban/ rural 

Electrified/ non- 
electrified 

HH-/ local grid 
solar/ micro hydro 

Biggest solar project, Bhalubang, 
Naumure & other project areas  

Total 350      

Note - HH: Household. 
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Data pre-processing 
We collected 350 household questionnaire survey samples based on 

the distribution shown in Table 1. During data cleaning, 27 samples 
were found to be incomplete or had irrelevant responses; they were 
excluded. In this way, a final sample size of 323 was maintained for 
further analysis. A total of twenty-four predictor variables and one 
response variable were chosen. The independent explanatory variables 
were of mixed data types (continuous, binary and categorical) which 
were converted into logical classes. Detailed description of the variables, 

their classes and justification of the categorization are given in Annex 
Table A1. The response (dependent) variable was classified into a logical 
order. Basic statistics of the surveyed data was checked. Furthermore, 
we checked the correlation among the 24 explanatory variables (12 
socio-economic and 12 climate change perception) and ensured that 
issues of multi-collinearity did not impact our analysis (Fig. 3). Addi-
tionally, the spread for each predictor variable in the different classes 
was assessed. All the explanatory variables are either binary or cate-
gorical. Therefore, Chi-squared test is appropriate for finding the 

Fig. 3. Correlation matrix of the explanatory variables. The first twelve are the socio-economic variables while the remaining twelve are climate change percep-
tion variables. 
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variation between categorical data (Hamilton, 2012; Sharna et al., 
2024). 

Application of ordinal logistic regression model 
Econometric models are popular among researchers in identifying 

the determinants of the choices people make. Scholars generally adopt a 
collection of explanatory independent variables through literature re-
view, consultations with informants and expert evaluations, followed by 
regression analysis with respect to the reliant variables (Anik et al., 
2022; Storm et al., 2020). For instance, He et al. (2023) used a combi-
nation of binary probit model and ordered probit model; Das et al. 
(2022) and Koirala and Acharya (2022) applied multinomial logit and 
multinomial probit models; Acosta et al. (2021) applied a quantile 
regression model; Park et al. (2023) applied multinomial logistic 
regression model while Sivonen (2023) and Sharna et al. (2024) applied 
ordinal logistic regression. Moreover, ordinal logistic regression is the 
common choice when the responses are categorical and can be ordered 
in a logical way related to people's opinions (Deisenroth et al., 2020; 
Sivonen, 2023; Storm et al., 2020). 

The dependent/response variable in our research is ordinal. The 
lowest order (first category) of the preference variable has been assigned 
to the respondents who are either unaware of the available energy op-
tions or they are financially and technologically not capable to change 
their household energy choice or both. In (mostly urban) areas with 
access to grid electricity as well as the non-electrified (semi-urban and 
most rural) areas, the behaviour of the people to avoid transitioning to 
better alternatives is characterized by this class. The second category 
refers to the people's preference of being able to connect to grid elec-
tricity for household use, particularly in the non-electrified rural areas. 
In the case of already electrified urban areas, this category is indicative 
of people's desire of increasing their reliance on the grid electricity (for 
example by connecting to higher capacity lines) so that they can use 
more household electric appliances, without any contribution from 
other renewable sources. This category is indicative of complete de-
pendency on the government with very limited initiatives for the energy 
transition from the users' side. The third category pertains to the people's 
preference to completely switch to other off-grid renewables for meeting 
their household energy demands. This indicates the households' desire 
to take the initiative from their side and decrease dependency on the 
state. Moreover, this category also denotes a condition in which the 
users have the ownership and more control over the energy generation 
and use in their houses. The fourth category is a condition which shows 
the households' access to both grid electricity and renewable energy 
sources such that the combination leads to an optimum use of energy for 
household purposes. Responses willing to opt for technological ad-
vancements (such as net metering) in the electricity sector of the elec-
trified urban areas also come under this category. As a result, it was 
categorized as the highest ordinal (fourth) category. 

Hence, an ordered logistic regression model has been used. The as-
sumptions for application of this model such as proportional effect of 
independent variables on the outcome, independence of observations, 
linearity in log-odds of the response categories, no multicollinearity, 
homoscedasticity, sufficiently large sample size, no outliers and adop-
tion of valid and meaningful categories have been satisfied (Deisenroth 
et al., 2020). Through model diagnostics, regression coefficients and 
marginal values of the explanatory variables, we explored how the 
people appraised the energy transition preferences using three models i) 
socio-economic parameters only (SCE-model), ii) climate change 
perception parameters only (CCP-model) and iii) combination of both 
parameters (Composite-model). In the first model, ceteris paribus, we as-
sume that only the socio-economic variables affect people's energy 
preference. Likewise, in the second model, we assume that only the 
climate perception variables affect people's energy preference, holding 
all other socio-economic factors remain constant. However, in the third 
model, we consider the cumulative impact of both types of explanatory 
variables on the household energy preferences. The best performing 

model was chosen among these based on the above-mentioned metrics. 
Mathematically, the energy transition preference behaviour can be 

represented as shown in Eq. 1 to Eq. 3. 

SCE − model : Ym(Preference) = a1 +
∑12

i=1
Xiα + εi (1)  

CCP − model : Ym(Preference) = a2 +
∑12

j=1
Xjβ+ εj (2)  

Composite − model : Ym(Preference) = a3 +
∑12

i=1
Xiα+

∑12

j=1
Xjβ+ εk (3)  

where, Ym(Preference) denotes the status of energy transition preference 
with four possible values of m (1 denoting Preference 1: no change from 
current energy conditions; 2 representing Preference 2: transitioning to 
grid electricity only; 3 denoting Preference 3: transitioning to other re-
newables only; and 4 representing Preference 4: transitioning to a 
combination of grid electricity and renewables). X is a vector of the 
explanatory variables with subscript i for the socio-economic variables 
while j for the climate change perception variables and a, α and β are the 
regression coefficients. ε denotes identically distributed error terms for 
the respective models with variance one and mean zero. The probability 
associated with people's preferences can be written as Eq. 4. 

π
(

yi ≤
j
xi

)

= Δ
(

γj − Xα
)
− Δ

(
γj− 1 − Xα

)
(4)  

where, j is the observed variable and γ is the threshold parameter. 
Hence, the generic ordered logistic regression model is written as in Eq. 
(5). 

Logit(Ym) = Loge

( π
1 − π

)
= a0 +Xiαi + ε (5) 

The ordered logit model was implemented in STATA 16 and the 
descriptive analyses was carried out using Chi-square test to assess the 
statistically significant differences among the people's preference cate-
gories (StataCorp, 2023; Williams, 2006; Williams, 2018). 

Results 

Correlation 

Fig. 3 depicts a correlation matrix of our dataset. The heatmap shows 
that the value of the Pearson correlation coefficient (| r |) < 0.3 for 
majority of the variables. Only a few variables, for example Occupation 
and Income, Literacy and Occupation have r values in the range of 0.4 
indicating weak correlation while only Winter_rain and Summer_temp 
demonstrate a moderate correlation of 0.68. Readers are referred to 
Annex Table A1 for details of the variables. 

Descriptive statistics 

Socio-economic variables 
A considerable heterogeneity was seen among the four energy 

transition preference groups (Table 2). Out of the 323 respondents, 151 
(47 %) were either unaware or chose no transition – preference 1; 74 
(23 %) opted for transitioning to grid electricity only – preference 2; 47 
(14 %) preferred changing to other renewables only – preference 3; and 
51 (16 %) chose to transition to a combination of grid electricity and 
renewables – preference 4. The frequency (and percentage) of people's 
responses according to the classes of the explanatory variables are pre-
sented columnwise which add up to 323 (100 %) for each variable. 

Results of the Chi-square test show that, among the 12 socio- 
economic variables, the differences were significant at 1 % (p ≤ 0.01) 
for four variables of urbanization status, level of education, living 

U. Bhattarai et al.                                                                                                                                                                                                                              



Energy for Sustainable Development 81 (2024) 101505

8

Table 2 
Descriptive statistics of the socio-economic variables with respect to the energy preferences.  

Description of explanatory factors (variables) and classes Energy transition preference Chi-square 
(p-value) 

Preference 1: 
No change/ I do not 
know 

Preference 2: 
To grid electricity 
only 

Preference 3: 
To other renewables 
only 

Preference 4: 
To electricity and 
renewables 

Frequency % Frequency % Frequency % Frequency % 

Type of terrain 
(Physiography)         

10.0368 
(0.123) 

High hills (1)  51  34  19  26  8  17  17  33  
Mid hills (2)  65  43  41  55  23  49  26  51  
Terai Plains (3)  35  23  14  19  16  34  8  16  
Level of urbanization 

(Load_centre)         
25.150*** 
(0.000) 

Kathmandu Valley (1)  23  15  28  38  14  30  22  43  
Other towns (2)  30  20  11  15  12  26  10  20  
Rural areas (3)  98  65  35  47  21  45  19  37  
Gender of the respondent 

(Gender)         
0.6897 
(0.876) 

Female (1)  34  23  15  20  8  17  11  22  
Male (2)  117  77  59  80  39  83  40  78  
Age of the respondent 

(Age)         
9.2045 
(0.162) 

≤ 35 years (1)  54  36  32  43  28  60  23  46  
35–50 years (2)  56  37  23  31  9  19  15  29  
> 50 years (3)  41  27  19  26  10  21  13  25  
Education level of the respondent 

(Literacy)         
60.308*** 
(0.000) 

Illiterate (1)  34  23  4  5  1  2  4  8  
Primary school/informal education (2)  33  22  9  12  3  6  1  2  
Secondary/high school (3)  50  33  24  32  13  28  28  55  
University (4)  34  23  37  50  30  64  18  35  
Type of employment of the respondent 

(Occupation)         
25.493** 
(0.013) 

Unemployed/retired (1)  15  10  12  16  2  4  4  8  
Farming/livestock rearing (2)  51  34  14  19  10  21  8  16  
Self-employed (3)  43  28  17  23  10  21  15  29  
Academic/government service (4)  16  11  13  18  10  21  5  10  
Private organization (5)  26  17  18  24  15  33  19  37  
Annual household income in US$ 

(Income)         
11.9103 
(0.218) 

< 692 (1)  51  34  14  19  9  19  11  22  
692–1154 (2)  16  11  9  12  6  13  6  12  
1154–1961 (3)  22  15  14  19  5  11  12  24  
> 1961 (4)  62  40  37  50  27  57  22  42  
Ethnic background of the household 

(Ethnicity)         
15.875** 
(0.014) 

Marginalized/underprivileged (1)  9  6  0  0  0  0  3  6  
Indigenous (2)  70  46  33  45  12  26  20  39  
Brahmin/Chhetri (3)  72  48  41  55  35  74  28  55  
Living standard of the household 

(House_type)         
32.276*** 
(0.000) 

Mud hut/cottage (1)  18  12  3  4  1  2  2  4  
Bamboo/wood (2)  15  10  1  1  0  0  0  0  
Bricks and mud mortar (3)  20  13  8  11  2  4  3  6  
Bricks and cement (4)  98  65  62  84  44  94  46  90  
Household size and type of family 

(Family_size)         
2.6390 
(0.853) 

≤ 4: Nuclear (1)  62  41  34  46  25  53  23  45  
5–6: Extended (2)  65  43  29  39  15  32  19  37  
>6: Joint (3)  24  16  11  15  7  15  9  18  
Domestic energy options 

(Major_energy_source)         
27.360*** 
(0.007) 

Agriculture residue (1)  21  14  6  8  4  9  8  16  
Petroleum (2)  11  7  6  8  7  15  1  2  
LPG (3)  90  60  34  46  30  64  27  53  
Grid-electricity (4)  25  17  28  38  5  11  15  29  
Renewables (5)  4  3  0  0  1  2  0  0  
Alternate household energy options 

(Second_major_energy)         
20.648** 
(0.014) 

Petroleum (1)  13  9  4  5  6  13  1  2  
LPG (2)  35  23  32  44  11  23  19  37  
Grid-electricity (3)  91  60  34  46  30  64  30  59  
Renewables (4)  12  8  4  5  0  0  1  2  
Total  151  100  74  100  47  100  51  100  

Note: Numbers in parenthesis alongside the variable classes in the first column indicate the numeric classes used for modelling. ** and *** in the last column refer to 
significance level of 5 % (p ≤ 0.05) and 1 % (p ≤ 0.01), respectively. 
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standard, and the availability of household energy options (Table 2). A 
majority (65 %) of the respondents not aware of the energy transition or 
reluctant to make any changes were from the rural areas. However, most 
respondents preferring to transition to grid-electricity and renewables 
(43 %) were from Kathmandu Valley, the capital city of the country. A 
considerable number of people preferring transitioning to renewables 
had university education (64 %), while those preferring to change to 
electricity and renewables were mostly (55 %) secondary or high school 
educated. Additionally, people living in houses made of bricks and 
cement were dominant in the response categories (no change in energy: 
65 % and transition to renewables only: 94 %). People using LPG as their 
major source of household energy were sizable in number across all the 
preference categories ranging from 46 % (to grid electricity only) to 64 
% (to other renewables only). 

Similarly, the differences were significant at 5 % (p ≤ 0.05) for three 
other variables: type of employment, ethnic background, and the 
availability of alternate sources of energy (Table 2). A large faction of 
the people working in private organizations (37 %) preferred to transi-
tion to grid electricity and renewables, whereas those unaware of the 
transition or choosing no change were mostly farmers (34 %). Similarly, 
74 % of the respondents from the Brahmin/Chhetri (the privileged group 
in Nepal's context) ethnic group preferred transitioning to grid elec-
tricity only. Additionally, most of the people with grid electricity as their 
second major energy source opted either no change from the current 
conditions (60 %), use more electricity (64 %) or transition to grid 
electricity and renewables (59 %). Hence, a distinct pattern of people's 
energy transition preferences depending on the different socio-economic 
determinants was not observed. 

Climate change perception variables 
Results of the Chi-square test for the climate change perception 

variables showed four significant parameters: change in the average 
summer temperature, withdrawal of monsoon season, impact of climate 
change on energy availability, and the importance of community level 
subsidies at 1 % (p ≤ 0.01) (Table 3). Most of the people (70 %) 
preferring to change to electricity and renewables and 64 % of the re-
spondents preferring to change to grid electricity only perceived sum-
mer being hotter compared to twenty years ago. Similarly, a majority of 
the people who are not willing to make any energy transition (76 %) and 
choosing to change to grid electricity only (73 %) perceived no change in 
monsoon withdrawal. People perceiving high (45 %) and very high (39 
%) impacts of climate change on energy availability respectively prefer 
transitioning to grid electricity only and a combination of grid electricity 
and renewables. Provision of community-level subsidies in energy effi-
cient devices was considered highly effective measures for reduction of 
climate change impacts on household energy by people who chose 
transitioning to grid electricity and renewables (76 %) and those (65 %) 
who chose changing to grid electricity only. 

Likewise, significant differences at 5 % (p < 0.05) were observed for 
four variables pertaining to the perceptions of change in the amount of 
summer rainfall, timing of monsoon start, impact of climate change on 
energy demand and energy consumption behaviour for space heating to 
reduce the impact of climate change on household energy (Table 3). A 
sizeable percentage of the respondents (47 to 74 %) choosing to tran-
sition to either of the four preference options did not perceive any 
change in the summer rainfall amount compared to two decades ago. 
Similarly, a major share of the people (77 to 86 %) did not perceive any 
change in the starting time of monsoon compared to the last twenty 
years. Additionally, people perceiving very high impacts of climate 
change on household energy demand preferred transitioning to grid 
electricity only (43 %) and grid electricity and renewables (37 %). 
Moreover, a considerable percentage of the respondents willing to make 
no changes in energy behaviour (44 %) perceived interventions in 
household heating could be beneficial for reduction of climate change 
impacts on the energy sector. As with socio-economic variables, no 
distinct pattern of people's preferences can be deduced with the climate 

change perception variables. 

Socio-economic and climate change perception factors impacting people's 
energy transition preferences 

Results of the ordinal logistic regression models show that the log 
likelihood values are comparable across the three models with the 
Composite-model having a relatively higher value (− 365.56) (Table 4). 
The p-values are very close for all the three models. In addition, 10.5 % 
of the variance in the outcome is explained by the predictors in the 
Composite-model as shown by the McFadden's R2 which implies a 
reasonable fit of the model to the socio-economic and cross-section data 
(Hensher & Johnson, 2018; Ozili, 2023; Salam et al., 2023). Hence, the 
Composite-model is more representative of the data in explaining the 
response based on the explanatory variables. 

For the SCE-model, variables related to the urbanization status, level 
of education, living standard, and the availability of alternate household 
energy sources are statistically significant predictors of the responses at 
5 % level of significance (Table 4). In the case of CCP-model, variables 
linked to the perceptions regarding changes in winter rainfall, with-
drawal of monsoon season, household energy demand, notably cooking 
and space heating, and the importance of community level subsidies for 
minimizing the climate change-induced effects on household energy 
patterns were found to be statistically significant (Table 4). 

Similarly, for the Composite-model, variables associated to the ur-
banization status, level of education, living standard, the role of 
changing the energy consumption behaviour for cooking, and the 
importance of community level subsidies for minimizing the climate 
change-induced effects on household energy patterns were found to be 
statistically significant at 5 % (Table 4). The values of the coefficients 
within this model closely resemble those of the corresponding predictor 
variables within the SCE- and CCP-models (with some exceptions such as 
timing of start of monsoon, Onset_monsoon). 

Table 5 presents the marginal effect estimates (coefficients) for the 
predictor variables for the four energy transition preferences (labelled as 
preference 1 (P1) to preference 4 (P4)) across three models: SCE, CCP 
and Composite. In the SCE-model, urbanization status, level of education, 
living standard and alternate household energy source were significant 
across all the response categories. For example, the marginal estimate is 
0.080 for the first preference (no change to existing household energy 
behaviour) when considering the urbanization status variable (Load_-
centre). This indicates that as the value of this variable increases by one 
category (say, urban to semi-urban areas), the odds of preferring to 
transition to better energy technologies also increases by 8 %. On the 
other hand, the level of education (Literacy) depicts that it has a mar-
ginal coefficient of − 0.118 for not preferring to make any energy 
changes. This shows that as the education level increases, people are 
more likely to prefer transitioning to better energy technologies. Inter-
estingly, the probabilities continuously increase as we progress up the 
preference level from P1 to P4. Likewise, the marginal estimate of the 
respondents for their living standard (House_type variable) for being in 
the no change category (P1) is − 0.103 indicating the probability of 
transitioning to higher options continuously increases with better living 
standards. 

In the case of CCP-model, the marginal effects of people's perception 
of changes in winter rainfall, withdrawal of monsoon season, household 
energy demand, including cooking and space heating energy behaviour, 
and community level subsidies were found to be significant across all the 
response preferences (Table 5). For example, as the value of the winter 
rainfall perception variable (Winter_rain) increases by one category (say, 
from ‘increased’ to ‘no change’), the odds of preferring to transition to 
better energy technologies also increases by 10 %. Conversely, marginal 
estimate (− 0.110) in the 'no change' category in energy transition 
preference category (P1) for the community level subsidies (Comm_in-
terv_subsidy) indicates that more the people start realizing the impor-
tance of community subsidies for energy efficiency, the odds of moving 
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Table 3 
Descriptive statistics of the climate change perception variables with respect to the four energy transition preferences.  

Description of perception based explanatory factors (variables) and classes Energy transition preference Chi- 
square 
(p-value) Preference 1: 

No change/ I do 
not know 

Preference 2: 
To grid electricity 
only 

Preference 3: 
To other 
renewables only 

Preference 4: 
To electricity and 
renewables 

Frequency % Frequency % Frequency % Frequency % 

Change in the summer temperature on an average 
(Summer_temp)         

17.827*** 
(0.007) 

Increased (1)  93  62  47  64  18  38  36  70  
No change (2)  47  31  18  24  26  56  11  22  
Decreased (3)  11  7  9  12  3  6  4  8  
Change in the winter temperature on an average 

(Winter_temp)         
2.7493 
(0.840) 

Increased (1)  72  48  39  53  25  53  27  53  
No change (2)  68  45  30  41  17  36  22  43  
Decreased (3)  11  7  5  7  5  11  2  4  
Change in the amount of rainfall during summer 

(Summer_rain)         
16.414** 
(0.012) 

Increased (1)  33  22  23  31  20  43  16  31  
No change (2)  112  74  50  68  22  47  31  61  
Decreased (3)  6  4  1  1  5  11  4  8  
Change in the amount of rainfall during winter 

(Winter_rain)         
5.8477 
(0.440) 

Increased (1)  35  23  22  30  16  34  16  31  
No change (2)  78  52  38  51  25  53  27  53  
Decreased (3)  38  25  14  19  6  13  8  16  
Change in the timing of monsoon start (Onset_monsoon)         13.976** 

(0.030) 
Delayed (1)  19  13  17  23  6  13  6  12  
No change (2)  130  86  57  77  39  83  41  80  
Ahead (3)  2  1  0  0  2  4  4  8  
Change in the timing of monsoon end (Withdrawal_monsoon)         23.752*** 

(0.001) 
Delayed (1)  33  22  18  24  18  38  24  47  
No change (2)  115  76  54  73  25  53  23  45  
Ahead (3)  3  2  2  3  4  9  4  8  
Impact of climate change on household energy availability (climate 

change_energy_availability)         
26.375*** 
(0.009) 

Very Low (1)  2  1  4  5  0  0  0  0  
Low (2)  13  9  3  4  5  11  3  6  
Moderate (3)  56  37  13  18  17  36  10  20  
High (4)  40  26  33  45  15  32  18  35  
Very high (5)  40  26  21  28  10  21  20  39  
Impact of climate change on household energy demand 

(climate change_energy_demand)         
24.411** 
(0.018) 

Very Low (1)  8  5  0  0  0  0  0  0  
Low (2)  15  10  6  8  4  9  1  2  
Moderate (3)  45  30  11  15  17  36  14  27  
High (4)  44  29  25  34  11  23  17  33  
Very high (5)  39  26  32  43  15  32  19  37  
Impact of change in cooking behaviour for reduction of climate change 

impacts on the household energy sector (HH_intervention_cooking)         
9.4470 
(0.664) 

Very Low (1)  22  15  9  12  7  15  1  2  
Low (2)  13  9  4  5  3  6  3  6  
Moderate (3)  17  11  12  16  7  15  6  12  
High (4)  39  26  21  28  13  28  15  29  
Very high (5)  60  40  28  38  17  36  26  51  
Impact of change in space heating behaviour for reduction of climate change 

impacts on the household energy sector 
(HH_intervention_heating)         

20.468** 
(0.059) 

Very Low (1)  2  1  5  7  3  6  2  4  
Low (2)  7  5  4  5  2  4  2  4  
Moderate (3)  35  23  16  22  17  36  9  18  
High (4)  41  27  25  34  18  38  20  39  
Very high (5)  66  44  24  32  7  15  18  35  
Effectiveness of raising community level awareness for reduction of climate 

change impacts on household energy (Community_awareness)         
18.9755* 
(0.089) 

Very Low (1)  1  1  1  1  0  0  0  0  
Low (2)  2  1  0  0  1  2  0  0  
Moderate (3)  6  4  1  1  7  15  3  6  
High (4)  40  26  14  19  11  23  8  16  
Very high (5)  102  68  58  78  28  60  40  78  
Effectiveness of providing community level subsidies in energy efficient 

devices for reduction of climate change impacts on household energy 
(Community_subsidy)         

36.737*** 
(0.000) 

(continued on next page) 
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up the preference category increases substantially. The same set of 
variables as in the individual SCE-model and CCP-model were found to be 
significant for the Composite-model except people's perception of changes 
in winter rainfall and influence of CC on household energy demand. 

Discussion 

Socio-economic data 

Our choice of the socio-economic variables was based on literature 
review. As suggested by Butchers et al. (2020), careful attention has 
been given to capture the local energy context of Nepal. Most of the 
household energy is used for cooking in Nepal followed by lighting and 
other uses (MoF/GoN, 2023). People mostly use traditional fuels such as 
firewood, hay and dung cakes in the rural areas with very limited use of 
LPG and electric stoves whereas people in the urban areas mostly use 

LPG stoves with some electric appliances (CBS, 2021). 
One of our respondents explained that ‘guitha’ (dried cow/buffalo 

dung cakes for direct combustion) is the only available option to her 
family for cooking and heating. Although her village is connected to the 
national electricity grid, but her family cannot afford to use electricity 
because of their poor financial condition. She reported a similar reluc-
tance in the use of LPG stoves due to the same reason. Her family rears 
cows and buffalos and they prepare ‘guitha’ for free. She was not aware 
of the health issues that would arise due to extended use of ‘guitha’ for 
household use and did not believe that it would be harmful because she 
has seen the same thing in her kitchen from generations without anyone 
complaining (a mid-aged housewife from Laxminiya Rural Municipality 
of Dhanusha district in the Terai plains). 

Unlike the developed countries, refrigerators and modern room 
heating/cooling technologies such as air conditioners, coolers and 
heaters are mostly limited to the upper-class people of urban areas only. 

Table 3 (continued ) 

Description of perception based explanatory factors (variables) and classes Energy transition preference Chi- 
square 
(p-value) Preference 1: 

No change/ I do 
not know 

Preference 2: 
To grid electricity 
only 

Preference 3: 
To other 
renewables only 

Preference 4: 
To electricity and 
renewables 

Frequency % Frequency % Frequency % Frequency % 

Very Low (1)  1  1  1  1  2  4  0  0  
Low (2)  2  1  0  0  2  4  0  0  
Moderate (3)  20  13  1  1  6  13  2  4  
High (4)  59  39  24  32  7  15  10  20  
Very high (5)  69  46  48  65  30  64  39  76  
Total  151  100  74  100  47  100  51  100  

Note: Numbers in parenthesis alongside the variable classes in the first column indicate the numeric classes used for modelling. *, ** and *** in the last column refer to 
significance level of 10 % (p ≤ 0.1), 5 % (p ≤ 0.05) and 1 % (p ≤ 0.01), respectively. 

Table 4 
Estimation of the impact that explanatory variables have on the response (preference) variable obtained by a) socio-economic (SCE) model ; b) climate change 
perception (CCP) model and c) combined socio-economic and climate change perception (Composite) model.  

Variables a) SCE-model b) CCP-model c) Composite-model  

Coefficient Std. Error p-Value Coefficient Std. Error p-Value Coefficient Std. Error p-Value 

Physiography  0.077  0.156  0.621     − 0.037  0.165  0.822 
Load Centre  − 0.319**  0.142  0.025     − 0.319**  0.156  0.041 
Gender  0.130  0.287  0.650     0.124  0.297  0.675 
Age  0.016  0.158  0.921     0.017  0.163  0.917 
Literacy  0.474***  0.155  0.002     0.432***  0.165  0.009 
Occupation  0.097  0.098  0.321     0.108  0.103  0.292 
Income  − 0.071  0.101  0.481     0.010  0.108  0.929 
Ethnicity  − 0.063  0.212  0.767     − 0.095  0.219  0.663 
House_type  0.413**  0.173  0.017     0.342**  0.175  0.050 
Family_size  0.098  0.154  0.522     0.068  0.158  0.667 
Major_energy_source  − 0.118  0.130  0.365     − 0.101  0.138  0.463 
Second_major_energy  − 0.309**  0.160  0.050     − 0.317*  0.167  0.058 
Summer_temp     − 0.105  0.207  0.612  − 0.235  0.219  0.283 
Winter_temp     − 0.083  0.183  0.651  − 0.053  0.191  0.782 
Summer_rain     − 0.173  0.206  0.401  − 0.013  0.219  0.954 
Winter_rain     − 0.411**  0.191  0.032  − 0.271  0.202  0.181 
Onset_monsoon     0.284  0.276  0.303  0.504*  0.288  0.080 
Withdrawal_monsoon     − 0.393*  0.212  0.063  − 0.372*  0.219  0.090 
CC_energy_availability     0.047  0.138  0.732  − 0.001  0.146  0.995 
CC_energy_demand     0.245*  0.128  0.056  0.184  0.132  0.164 
HH_interv_cooking     0.176**  0.087  0.044  0.164*  0.093  0.077 
HH_interv_heating     − 0.278**  0.115  0.016  − 0.273**  0.124  0.028 
Comm_interv_awareness     − 0.215  0.196  0.273  − 0.127  0.211  0.548 
Comm_interv_subsidy     0.442***  0.169  0.009  0.403**  0.179  0.024 
Model diagnostics          
Log likelihood  − 379.08    − 388.94    − 365.56   
LR chi2(12)  59.02    39.30    86.05   
Prob > chi2  0.000    0.0001    0.000   
McFadden's R2  0.0722    0.0481    0.105   
Number of obs.  323    323    323   

Note: Ordinal logistic regression was carried out separately for the three cases a , b, and c. *, ** and *** in the "Coefficeint" columns refer to significance level of 10 % (p 
≤ 0.1), 5 % (p ≤ 0.05) and 1 % (p ≤ 0.01), respectively. 
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Table 5 
Marginal effect estimates across the four preference values derived from a) socio-economic (SCE) model ; b) climate change perception (CCP) model and c) combined socio-economic and climate change perception 
(Composite) model.  

Variables a) SCE-Model b) CCP-Model c) Composite-Model  

P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 

Physiograpy  − 0.019  0.004  0.006  0.008      0.009  − 0.002  − 0.003  − 0.004 
Load_centre  0.080*  − 0.018**  − 0.027**  − 0.035**      0.080**  − 0.020*  − 0.028**  − 0.032** 
Gender  − 0.033  0.007  0.011  0.014      − 0.031  0.008  0.011  0.013 
Age  − 0.004  0.001  0.001  0.002      − 0.004  0.001  0.001  0.002 
Literacy  − 0.118***  0.026**  0.040***  0.052***      − 0.108***  0.027**  0.038**  0.043*** 
Occupation  − 0.024  0.005  0.008  0.011      − 0.027  0.007  0.009  0.011 
Income  0.018  − 0.004  − 0.006  − 0.008      − 0.002  0.001  0.001  0.001 
Ethnicity  0.016  − 0.004  − 0.005  − 0.007      0.024  − 0.006  − 0.008  − 0.010 
House_type  − 0.103**  0.023**  0.035**  0.045**      − 0.085*  0.021*  0.030*  0.034** 
Family_size  − 0.025  0.005  0.008  0.011      − 0.017  0.004  0.006  0.007 
Major_energy_source  0.029  − 0.007  − 0.010  − 0.013      0.025  − 0.006  − 0.009  − 0.010 
Second_major_energy  0.077**  − 0.017*  − 0.026*  − 0.034**      0.079*  − 0.020*  − 0.028*  − 0.032* 
Summer_temp      0.026  − 0.005  − 0.009  − 0.012  0.059  − 0.015  − 0.021  − 0.024 
Winter_temp      0.021  − 0.004  − 0.007  − 0.010  0.013  − 0.003  − 0.005  − 0.005 
Summer_rain      0.043  − 0.008  − 0.014  − 0.021  0.003  − 0.001  − 0.001  − 0.001 
Winter_rain      0.102**  − 0.019*  − 0.034**  − 0.049**  0.068  − 0.017  − 0.024  − 0.027 
Onset_monsoon      − 0.071  0.013  0.024  0.034  − 0.126*  0.031  0.044*  0.051* 
Withdrawal_monsoon      0.098*  − 0.018*  − 0.033*  − 0.047*  0.093*  − 0.023  − 0.032  − 0.037* 
CC_energy_availability      − 0.012  0.002  0.004  0.006  0.000  0.000  0.000  0.000 
CC_energy_demand      − 0.061**  0.011  0.021*  0.029*  − 0.046  0.011  0.016  0.018 
HH_interv_cooking      − 0.044**  0.008*  0.015**  0.021**  − 0.041*  0.010*  0.014*  0.016* 
HH_interv_heating      0.069**  − 0.013**  − 0.023  − 0.033**  0.068**  − 0.017*  − 0.024**  − 0.027** 
Comm_interv_awareness      0.053  − 0.010  − 0.018  − 0.026  0.032  − 0.008  − 0.011  − 0.013 
Comm_interv_subsidy      − 0.110***  0.020**  0.037**  0.053***  − 0.100**  0.025*  0.035**  0.040** 

Note: P1 denotes people's first preference responses “I don't know” or “No change”; P2 denotes people's second preference responses “Transition to grid electricity only”; P3 denotes people's third preference response 
“Transition to other renewables only”; P4 denotes people's fourth preference responses “Transition to electricity and renewables”. *, ** and *** refer to significance level of 10 % (p ≤ 0.1), 5 % (p ≤ 0.05) and 1 % (p ≤
0.01), respectively. 
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The hilly regions are mostly cooler compared to the southern plains. 
Hence, cooling devices are generally not necessary. Traditional room 
heating (bonfires, charcoal fire in pans, etc.) are common in these areas. 
These days, some people with a strong financial status in the hilly areas 
have started using electric or LPG heaters. Hybrid solar water heating 
systems have also been piloted in some areas of Nepal recently (Thapa 
et al., 2022) but their sustainability is a big issue. On the other hand, the 
Terai plains are mostly hot throughout the year but only those house-
holds that can afford use table/ceiling fans mostly during summer. 

It can be seen from Table 2 that the spread of the data across the 
different categories as well as across the different response classes is 
relatively well distributed. It is also evident that variables related to 
urbanization status, level of education, employment condition, 
ethnicity, living standards and availability of household energy sources 
are statistically significant as depicted by the p-values of Chi-square test. 
These results are as expected because the preferences of the local people 
are mostly governed by their level of awareness (which is explained by 
education), and financial capacity to move to better energy alternatives 
(which is explained by the level of urbanization, employment and living 
standards). Moreover, the underprivileged ethic groups do not have 
access to multiple energy options in Nepal as compared to the privileged 
classes (Lin & Kaewkhunok, 2021). As a result, the use of household 
energy, availability of modern and efficient energy technologies and 
willingness to adopt better options are rather limited in such under-
privileged groups. These results are concurrent with other recent studies 
on household energy behaviour of Nepal such as Das et al. (2022) and 
Koirala and Acharya (2022). Moreover, Bhattarai et al. (2018) show 
doubt over whether the government subsidies and donations targeted at 
the rural poor and marginalized people are actually reaching them. 

Climate change perception data 

Similar to the socio-economic variables, the climate change percep-
tion variables have also been carefully chosen so that they depict the 
true context of Nepal encompassing the perceived changes in tempera-
ture, magnitude and timing of rainfall, impacts on the household energy 
use and the role of possible interventions at the household and com-
munity levels. It is to be noted that the climate of Nepal varies from sub- 
tropical to arctic over a short north-south span of <200 km (DHM/ 
CCAFS, 2013). Because of the rugged terrain and hilly and mountainous 
topography, rainfall is largely influenced by factors such as orography, 
aspect (windward/leeward) and other micro-climatic conditions. 
Therefore, people living in such diverse climatic conditions have 
different perceptions of climate change and its impact on the household 
energy behaviour. 

From a climate change perspective, change in summer temperature, 
timing and volume of monsoon, effectiveness of household interventions 
and community level interventions for reducing the climate-related 
impacts on household energy demand and availability have been iden-
tified as statistically significant variables across the classes (Table 3). 
Most people are aware that almost 100 % of Nepal's domestic electricity 
production is from hydropower which relies on the monsoon. As a result, 
people perceive the change in timing and volume of monsoon to have a 
considerable impact on the availability of energy (mostly electricity) in 
grid connected areas. The rural remote areas are also supplied with 
electricity generated by micro-hydropower supplied though local grids 
(AEPC/GoN, 2023). Hence, these smaller rivers are even more sensitive 
to the changes in monsoon. In addition, increased monsoon causes cloud 
cover for a longer period of time which could possibly impact the local 
rooftop solar power generation mainly for lighting the rural households. 

One respondent during our field survey mentioned that his family 
has been cooking in LPG stoves since a long time. They find LPG stoves 
convenient because it does not produce smoke, the food is cooked 
relatively faster, the gas cylinders are conveniently available for refilling 
and they can easily afford one cylinder per month. Although being in an 
urban area with access to grid electricity, his family is hesitant to switch 

to electric stoves due to frequent power cuts. Interestingly, he is not 
aware of the impacts that climate change could have on (hydro) elec-
tricity generation and felt that the government is intentionally not 
generating enough electricity in the dry season despite the availability of 
tremendous volume of water in the rivers of Nepal (a mid-aged uni-
versity graduate from Lalitpur Metropolitan in Kathmandu Valley). 

People's energy transition preferences 

Our results show that the same set of explanatory variables are sta-
tistically significant for the individual models as well as the combined 
model. Moreover, the model diagnostics show that the Composite-model 
is more appropriate in explaining people's energy transition preferences 
at the household level in Nepal. 

Table 4 and Table 5 show that the statistically significant socio- 
economic variables related to urbanization status, level of education, 
living standard, availability of household energy sources, and employ-
ment status are indicative of two key points: the level of awareness and 
financial condition for transitioning to better energy forms (similar to 
the findings of Matavel et al. (2023) in Mozambique). People living in 
the urban areas (for instance, Kathmandu City of Nepal and other towns) 
have a general tendency to prefer switching to better renewable forms of 
energy. This is because, in most of the cases, these households are 
already connected to the national electricity grid. Additionally, they are 
in a relatively better financial condition and are used to fuel stacking as a 
result of the chaotic and disintegrated energy landscape of energy that 
Nepal had to go through (Das et al., 2022; Movik & Allouche, 2020). 

However, people in the semi-urban and rural areas of the country 
have a lower level of literacy. Rural households are still largely depen-
dent on conventional fuels (CBS, 2021). Additionally, they are either 
already reliant on off-grid energy technologies such as rooftop solar PVs 
(Gautam et al., 2015) or micro-hydropower projects (Yadoo & Cruick-
shank, 2012) or they are not in a financially stable position to make 
these changes. Moreover, studies have demonstrated that off-grid elec-
tricity systems in South Asia typically lack systematic distribution 
models and are mostly reliant on community-centred projects without 
proper linkage to income generating opportunities, sustainable market 
and poor technological management (Palit & Bandyopadhyay, 2016). 
National electricity grid has a limited reach in the remote areas of Nepal 
which are difficult to access (AEPC/GoN, 2023). Some studies have 
recommended increasing electricity tariffs to increase the efficiency of 
Nepal's electricity sector (Sovacool et al., 2013). However, such an 
intervention could prove counter-productive especially among the rural 
poor who are already in a difficult financial situation to afford electricity 
at the current price. A similar finding has been reported by Navarro- 
Espinosa and Thomas-Galán (2023) considering people in the lowest 
socio-economic category of Chile. Besides, people refrain from diverting 
their existing energy beliefs and practices and do not want to step out of 
their comfort zones (Chung & Kim, 2018; Nshimiyimana et al., 2024). 

One of our survey respondents mentioned that he is unaware of the 
available renewable energy technologies applicable for daily household 
use. He also expressed his happiness that he took part in the survey with 
our team because he got to learn many new things about renewable 
energy. He further seemed willing to progress to clean renewable 
technologies at the household level that he could afford to build a better 
and sustainable energy future for Nepal (a resident from Banepa Mu-
nicipality in Kavrepalanchowk district in mid hills region). 

On the climate change end, the timing and volume of monsoon have 
been identified as statistically significant variables for people's energy 
transition preference (Table 4 and Table 5). Hence, people perceive 
hydropower to be the most impacted due to climate change in the future. 
Studies in the Hindu Kush Himalayan (HKH) region have shown that the 
performance of hydropower projects are likely to be adversely impacted 
by climate change (Shrestha et al., 2021). Conversely, some studies such 
as Bhattarai et al. (2022), Marahatta, Devkota, and Aryal (2021) and 
Marahatta et al. (2022) have projected increased hydropower 
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generation possibilities as a result of climate change in the future 
addressing due challenges. Moreover, a recent study has shown that 
two-thirds of the untapped hydropower potential lies in the HKH region 
(Xu et al., 2023) among which Nepal has a possibility to contribute 
significantly. Nepal has a unique Himalayan climate with a massive 
economically feasible hydropower potential of 50,000 MW (Jha, 2010; 
Sharma & Awal, 2013). But the country has been able to harness only a 
miniscule fraction of the potential because of its poor economic condi-
tion (MoF/GoN, 2023; NEA/GoN, 2023). Recent studies have even 
quantified energy security of Nepal to find that it is in a ‘pseudo energy- 
secure’ condition (Bhattarai et al., 2024b). Such a resource- 
underutilized situation is common across many developing countries 
of Africa, Latin America and Asia (Hamududu & Killingtveit, 2016; 
Mtilatila et al., 2020; Uamusse et al., 2020). 

Additionally, climate change studies such as Devkota and Bhattarai 
(2018) and (Lutz et al., 2022) have reported increasing extremes in 
temperature in Nepal and the entire HKH region. Identification of 
summer temperature as a significant variable in determining people's 
energy preferences could be linked to people's perception of summers 
becoming hotter (Marahatta, Aryal, et al., 2021). Because of the 
apprehension of changing monsoon and temperature, people also 
consider that climate change is likely to impact the household energy 
demand which can be addressed by regulated subsidies. Many instances 
of past failures of subsidies in the renewable energy sector have been 
reported in Nepal (Balachandra, 2015; Bhandari et al., 2017; Dhital 
et al., 2016). However, the effectiveness can be considerably enhanced 
by investing in awareness building on the benefits of using renewable 
energy at the community level. 

Another survey respondent admitted not knowing about the house-
hold sector being the largest energy consuming sector of Nepal. She was 
aware of the health and environmental impacts of cooking using tradi-
tional fuels and LPG. She also showed concern about their impacts on 
climate change in the long run. But, to our surprise, she denied her 
willingness to completely switch to renewables for household energy 
because they were expensive and there were not enough and convincing 
awareness campaigns conducted at the community level (a university 
student from Lalitpur Metropolitan of Lalitpur District in the mid hills 
region). 

Studies have shown that the energy policy trajectory of Nepal has 
been progressive over the last few decades (Bhattarai et al., 2024a). The 
rural energy policies of Nepal are more inclined towards increasing the 
penetration of off-grid renewable energy technologies in rural and 
remote areas whereas the other policies and strategies are centerd to-
wards increasing access to quality grid hydroelectricity in Nepal. The 
rural energy policies of Nepal have undergone many revisions (2006, 
2009, 2013 , 2016 and 2022) over the last couple of decades (AEPC/ 
GoN, 2023; MoPE/GoN, 2016). The Seventh National Plan 1985 and 
Eight National Plan 1992 envisioned hydropower development and 
alternative renewable energy while the Hydropower Development Pol-
icy 1992 and 2001 and Water Resources Strategy 2002 promoted (large 
and small) hydropower development for meeting industrial, domestic 
and transportation demands (AEPC/GoN, 2023; HMG/N, 1992a; HMG/ 
N, 1992b; HMG/N, 2001; HMG/N, 2002; Sanjel & Baral, 2020). 
Furthermore, the Second and Third Nationally Determined Contribution 
to UNFCC (MoFE/GoN, 2021) and the Nepal's Long-term Strategy for 
Net Zero Emissions (GoN, 2021) have strongly focused on the increment 
of renewables in the energy generation mix in the future. However, the 
effectiveness of such policies has been limited in Nepal, mainly due to 
administrative hassles in the implementation side and lack of proper 
‘energy ecosystem’ development in the generation and use of renew-
ables (Bhattarai, Maraseni, Apan, & Devkota, 2023). Moreover, we 
agree with the recommendations set out by Bhattarai et al. (2024a) on 
improving supply-side management, demand-side management, multi- 
sector collaboration, and political stability and good governance for a 
sustainable energy future of Nepal. 

A well-educated self-employed businessman (one of the survey 

respondents) from Kathmandu Metropolitan city felt great pride in 
mentioning that he had installed two sets of electric wiring in his house: 
one for the use of grid electricity (alternating current) while the second 
for the use of solar electricity from his rooftop solar PV panel (direct 
current). He further mentioned that it was quite expensive from his end 
and did not get any rebates for the installation. Nevertheless, he felt a 
great deal of satisfaction in being able to generate electricity at his house 
through solar energy and rely less on the state-supplied grid electricity. 
However, he showed his frustration over the government of Nepal in not 
supporting him to install net metering systems in his house despite a lot 
of effort from his side. But he is hopeful that the state will soon imple-
ment supportive policies for such technological advancements to in-
crease the share of renewables in the household energy sector of Nepal. 

García-Gusano et al. (2017) highlights that energy transition comes 
with structural changes – rearrangement in policies, economies and 
societies leading to redistribution of power, resources and risks. Zhou 
et al. (2023) recommend strengthening renewable energy outputs, green 
technological innovation and financial development for reducing sec-
toral risks to a sustainable carbon-neutral society in Asia. Taking the 
case of South Korea, Cho et al. (2024) show that only technological 
advancements might not be adequate to attain future carbon-neutrality 
targets. The current trend of reduction in the use of traditional fuels for 
cooking at the cost of increased use of imported LPG at high prices in 
Nepal (MoF/GoN, 2023) should be discouraged at the policy and 
implementation levels. In addition, scholars have stressed regular re-
visions of the policies following a bottom-up pathway incorporating 
conflict sensitivity assessment to minimize disproportionate impacts on 
the stakeholders (Lomax et al., 2023; Pandey et al., 2021; Wu, 2020). 
Hence, Nepal needs to learn from the past mistakes and focus more on 
strengthening the energy policies to create a conducive environment 
encouraging generation of domestic renewable energy. The Government 
of Nepal has identified hydropower as the lead renewable energy tech-
nology in Nepal (WECS/GoN, 2013) which needs to be supplemented by 
other off-grid alternative renewables. Extension of the national elec-
tricity grid to the rural remote areas need to be the prime focus of the 
government to provide impetus to the renewable energy transition in 
Nepal. Moreover, proper check and balance mechanisms need to be in 
place to ensure that community level energy subsidies reach the actual 
needy. Likewise, effective energy credit measures and mass in-
terventions of energy efficient devices not only for lighting but also for 
cooking to completely displace the usage of traditional fuels is seen as an 
utmost necessity for achieving economic as well as environmental well- 
being of the country sustainably. 

There were some limitations in our study. Firstly, increasing the 
sample size could provide a more comprehensive coverage of the study 
area. Additionally, utmost care has been taken to collect data from 
different locations occupying diverse socio-economic respondents and 
implemented randomization to avoid sample bias. Moreover, perception 
and preferences are qualitative data which are relative in nature. 
Therefore, respondents belonging to similar socio-economic categories 
and climatic contexts can also have different perceptions and prefer-
ences. Furthermore, the perceptions and preferences of the same 
respondent can vary over time. We consider this as the measurement 
error that we might have in this study which could be overcome by 
longitudinal survey across different times. Additionally, we acknowl-
edge that considering confounding variables could provide a more 
nuanced understanding of the relationships between the predictor- 
response variables. However, assessing the impacts of potential con-
founding variables (such as specific local environmental conditions, 
in− /out-migration, regional economic policies, and other socio- 
demographic factors, among others) on the household energy behav-
iour is beyond the scope of this work. They could be plausible areas of 
future research. 
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Conclusion 

Realizing the need for research into the assessment of the combined 
effects of socio-economic factors and climate change perception on en-
ergy preferences in developing nations, we carried out this study taking 
the case of a South Asian developing country – Nepal – focusing on 
household level energy use behaviour. 

Results show that 151 (47 %) respondents preferred no change from 
their existing conditions; 74 (23 %) opted solely to rely on grid elec-
tricity; 47 (14 %) chose transitioning to renewables only while 51 (16 %) 
preferred changing to a mix of grid-electricity and renewables. More-
over, the Composite-model outperformed the others two (socio-economic, 
SCE and climate change perception, CCP) models with relatively better 
model diagnostics. Most of the identified influencing parameters were 
common across the three models. The socio-economic factors pertaining 
mainly to urbanization status, education level, and availability of energy 
choices for households were found to be statistically significant with 
relatively higher marginal estimates. This indicated that creating 
awareness among the people and building economic motivation play 
key roles in energy transition preference of Nepalese households. 
Similarly, climate change perception determinants related to timing of 
monsoon, amount of winter rainfall, alterations in cooking and space 
heating energy demands, and community level energy subsidies were 
found to be statistically significant. 

Hence, we infer that the socio-economic and climate change 
perception parameters need to be dealt with holistically to drive the 
renewable energy transition of Nepal effectively. Moreover, our research 
suggests that the combination of socioeconomic and climate perception 
factors yields comprehensive, meaningful, and adoptable outcomes for 
decision makers at all levels. The current energy prices are still unaf-
fordable to a major share of the national population. Current fossil-fuel 
based technologies are not sustainable leading to increased trade deficits 
and have long-term environmental implications. The renewable energy 
potential of Nepal needs to be harnessed to help the country transition to 
a cleaner and sustainable energy future. However, the country does not 
possess adequate technical and financial capacity to adapt to changing 
energy conditions. Furthermore, there are high chances that subsidies 
for renewable energy may increase the disparity among the rich and 
poor. These issues act as barriers to the renewable energy transition of 
Nepal. 

We conclude that, at the state level, Nepal should continuously up-
date its energy policies to create a conducive environment for sustain-
able renewable energy transition. Promotion of domestic hydropower 
generation should lead the way with the addition of other renewable 
technologies in the generation mix. Relying on off-grid smaller energy 
technologies could be a temporary measure but the country should focus 
on extending the national electricity grid to the rural remote areas to 
penetrate the rural household energy sector of Nepal. In addition, it is 
seen that Nepal needs to focus on providing impetus to building com-
munity awareness and maximizing effectiveness of subsidies and other 

financial incentives. Hence, our contribution lies in this important 
policy-science-society interface which will be insightful to the decision 
makers in the energy sector of developing countries in general and Nepal 
in particular. 

Longitudinal survey could be an extension of this research to 
examine the time-varying parameters and their likely influence on 
people's energy use behaviour. In addition, there are a number of 
unanswered questions in our study, such as those related to energy de-
mocracy and justice, bottom-up approaches in policy formulation, 
stakeholder involvement in development of energy generation projects, 
public concerns related to good governance and their impacts on the 
household energy sector. Furthermore, assessing the influence of other 
confounding variables could provide a better understanding of the 
predictor-response relationship. Addressing these concerns could serve 
as future research avenues. 
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Appendix A  

Table A1 
Independent explanatory and response variables and their classification adopted in this study.  

S⋅N Description Variables Classes Code Justification 

a) Explanatory socio-economic variables 
1 Type of terrain Physiography High hills 1 We excluded High Mountains among the four physiographic 

zones of Nepal as it is almost inhabited. Each of these regions 
showcases distinct patterns of energy generation and 
consumption. Therefore, this classification has been adopted    

Mid hills 2    
Terai (plains) 3 

(continued on next page) 
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Table A1 (continued ) 

S⋅N Description Variables Classes Code Justification 

to encompass the diverse energy dynamics across the 
country. 

2 Level of urbanization Load_centre Kathmandu 1 This variable primarily represents the accessibility and 
utilization of grid electricity in Nepal. Kathmandu (the 
capital city) is characterized by a significantly high 
population density, extensive electricity infrastructure and 
large energy consumption. In contrast, other towns have 
lower population densities and smaller electricity 
consumption rates. The remaining areas (Others) are 
considered less significant for electricity use.    

Other towns 2    
Others 3 

3 Gender of the respondent Gender Female 1 These are obvious natural categories.    
Male 2 

4 Age of the respondent Age 20–35 years 1 This variable pertains not to the age of the household head, 
but to the age of the individuals who possess greater 
awareness of energy-related matters within the household. 
Category ‘1’ encompasses young individuals, including 
students and those in the early stages of their careers. 
Likewise, the second category ‘2’ represents middle-aged 
people who have established careers and exhibit maturity in 
household decision-making. The third category ‘3’ pertains 
to retirees or those who work less in comparison to the other 
two groups.    

35–50 years 2    
> 50 years 3 

5 Education level of the respondent Literacy Illiterate 1 These categories are selected to examine people's awareness 
level based on their education.    Primary school/ 

informal education 
2    

Secondary / high 
school 

3    

University 4 
6 Type of employment of the respondent Occupation Unemployed/ retired 1 Socioeconomic circumstances and occupation shape 

individual's perspectives, lifestyles and household 
behaviours. People with stable occupations are more likely to 
make deliberate and sustainable household choices whereas 
those unemployed or engaging in unstable professions are 
more inclined towards to temporary decisions. Our 
classification scheme for this variable aims to capture the 
responses of these distinct groups.    

Farming/ livestock 
rearing 

2    

Self-employed 3    
Academic/ 
government service 

4    

Private organization 5 

7 Annual household income (US$) Income < 692 1 We have considered the income thresholds aligning them 
with the World Bank's categorization of: (category 1) the 
international poverty line (US$ 1.90 per day), and the 
income brackets of (category 2) lower middle-income (US$ 
3.20 per day) and (category 3) upper-middle income 
countries (US$ 5.50 per day). Considering the foreign 
exchange rate of US$ 1 ≈ NRs 130 during the time this 
research was conducted for Nepal, an annual income of NRs 
90,000 which is equivalent to US$ 692 per year corresponds 
to category 1; NRs 150,000 which is equivalent to US$1154 
per year corresponds to category 2; and NRs 255,000 is 
equivalent to US$ 1961 per year corresponds to category 3.    

692–1154 2    
1154–1961 3    
> 1961 4 

8 Ethnic background of the household Ethnicity Marginalized/ 
Underprivileged 

1 These categories correspond to the caste/ethnicity structure 
prevalent in Nepal in which the distinction is made between 
the privileged, indigenous and underprivileged communities 
of the society. Such a segregation have led to disparities in 
access to amenities, services, information and household 
behaviours between these groups which we aim to consider 
in our analysis.    

Indigenous 2    
Brahmin/ Chhetri 3 

9 Living standard of the household House_type Mud hut/ cottage 1 The type of house reflects the overall economic condition of 
the family. A well-to-do family generally have their houses 
made of bricks and cement while the extremely poor ones 
live in temporary structures such as mud huts and cottages. 
Moreover, the energy use pattern is also highly dependent on 
the type of houses people have. The bricks and cement 
houses are generally located in the urban areas which are 
electrified whereas the poor people rely on traditional fuels 
for meeting their domestic energy needs.    

Bamboo/ wood 2    
Bricks and mud 
mortar 

3    

Bricks and cement 4 

10 Household size and type of family Family_size Nuclear (≤4 
members) 

1 The extended family structure (including grandparents) is 
prevalent in most semi-urban and rural areas of Nepal 
whereas the nuclear family model has lately become 
predominant in urban settings. Nevertheless, joint family 
setups, including grandparents, uncles, aunts, nephews, and 
nieces living together are still very common in the rural and 
remote areas of the country. Size of the family is likely to 
impact the household energy behaviour and we aim to 
incorporate this phenomenon into our analysis through this 
classification.    

Extended (4–6 
members) 

2    

Joint (> 6 members) 3 

11 Availability of household energy options Major_energy_source Firewood/ dung/ 
agriculture residue 

1 These categories have been devised based on the most 
common types of household fuels in Nepal. The accessibility, 

(continued on next page) 

U. Bhattarai et al.                                                                                                                                                                                                                              



Energy for Sustainable Development 81 (2024) 101505

17

Table A1 (continued ) 

S⋅N Description Variables Classes Code Justification 

cost, health impacts, environmental implications and 
individual preferences considerably differ among the 
households utilizing various energy sources. We aim to 
consider such a variation into our analysis through 
information segregated for these classes.    

Petroleum (kerosene) 2    
Liquified petroleum 
gas (LPG) 

3    

Grid-electricity 4    
Renewables 5 

12 Availability of alternate household energy 
options 

Second_major_energy Petroleum (kerosene) 1 These categories have been devised based on the most 
common types of household fuels in Nepal. The accessibility, 
cost, health impacts, environmental implications and 
individual preferences considerably differ among the 
households utilizing various energy sources. We aim to 
consider such a variation into our analysis through 
information segregated for these classes.    

Liquified petroleum 
gas (LPG) 

2    

Grid-electricity 3    
Renewables 4  

b) Explanatory climate change perception variables 
1 Change in the summer temperature on an 

average 
Summer_temp Increased 1 Temperature and rainfall are two of the most important 

climatic variables that are used for climate change 
assessments. Moreover, Nepal has a diverse climate ranging 
from sub-tropical to alpine. There are distinct summers 
(which are mostly hot) and winters (which are mostly cold). 
High temperatures during the summer and low temperatures 
during the winter are of special importance in Nepal's 
climatic system. Moreover, temperature has a great 
contribution mostly in agriculture and in the overall 
availability of natural resources. Hence, people's perception 
of whether they have felt any change in the summer and 
winter temperatures lately compared to twenty years ago is 
an important factor for this study which is expected to 
largely influence the people's preferences of energy 
transition.    

No change 2    
Decreased 3 

2 Change in the winter temperature on an 
average 

Winter_temp Increased 1    

No change 2    
Decreased 3 

3 Change in the amount of rainfall during 
summer 

Summer_rain Increased 1 Similarly, the rainfall pattern is also quite distinct in Nepal 
with very wet monsoons (June to September) and dry during 
the rest of the year. As Nepal's electricity is completely 
reliant on hydropower, the amount of monsoon and its 
timing is very important. Most of the hydropower projects of 
Nepal are run-of-river types which are completely reliant on 
the monsoon water. Therefore, people's perception of 
whether they have felt any change in the rainfall compared 
to twenty years ago is an important factor for this study 
which is expected to largely influence the people's 
preferences of energy transition.    

No change 2    
Decreased 3 

4 Change in the amount of rainfall during winter Winter_rain Increased 1    
No change 2    
Decreased 3 

5 Change in the timing of monsoon start Onset_monsoon Increased 1    
No change 2    
Decreased 3 

6 Change in the timing of monsoon end Withdrawal_monsoon Increased 1    
No change 2    
Decreased 3 

7 Impact of climate change on household energy 
availability 

CC_energy_availability Very Low 1 These variables are important because there is a large 
variation in how people perceive climate change across the 
different socio-economic categories in Nepal. Moreover, 
most people are aware of the country's dependency of 
electricity on hydropower, which in turn is impacted by the 
change in the overall hydrology. Additionally, change in 
climatic conditions could lead to altered availabilities of 
traditional fuels such as firewood and agricultural residue 
which form the major energy source for the rural domestic 
sector. Furthermore, impact of climate change on the energy 
requirement for different domestic purposes is an important 
aspect for this study.    

Low 2    
Moderate 3    
High 4    
Very high 5 

8 Impact of climate change on energy demand CC_energy_demand Very Low 1    
Low 2    
Moderate 3    
High 4    
Very high 5 

9 Effectiveness of household level intervention in 
cooking to reduce the impact of climate change 

HH_interv_cooking Very Low 1 People's perceptions of their existing energy behaviour in 
cooking is a major factor in deciding their household energy 
transition preferences. Additionally, it is also interesting to 
understand how people have related their energy sources 
and technologies for cooking and whether making any 
interventions at the household level will make any 
contribution to reduce the impact of climate change.    

Low 2    
Moderate 3    
High 4    
Very high 5 

10 Effectiveness of household level intervention in 
space heating to reduce the impact of climate 
change 

HH_interv_heating Very Low 1 People's perception of their existing energy behaviour in 
space heating is another major factor in deciding their 
household energy transition preferences. In addition, a better 
understanding of the relation between energy sources and 
technologies for space heating will help identify the 
necessary interventions required to contribute in reduction 
of the impact of climate change.    

Low 2    
Moderate 3    
High 4    
Very high 5 

11 Effectiveness of increasing energy awareness at 
the community level to reduce the impact of 
climate change on household energy 

Comm_interv_awareness Very Low 1 In addition to household level energy technologies, off-grid 
systems at the community level also play a major role in 
people's energy transition preference. Raising awareness at 
the community level has high impacts on promoting such 
locally gridded technologies which reduce the reliance on 
the central (electricity) grid as well as motivate people to use 
clean and renewable energy. Community level efforts have    

Low 2    
Moderate 3    
High 4    
Very high 5 
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Table A1 (continued ) 

S⋅N Description Variables Classes Code Justification 

been lagging behind in Nepal despite tremendous 
government efforts. Therefore, raising awareness has been 
considered an important intervention which direct impacts 
on the reduction of the impacts of climate change. 

12 Effectiveness of increasing subsidy for energy 
efficiency at the community level to reduce the 
impact of climate change on household energy 

Comm_interv_subsidy Very Low 1 Additionally, many studies in the past have shown that 
subsidies for the household and community level energy 
systems have not been as effective as anticipated. Various 
reasons have been identified for this ineffectiveness. 
Moreover, if such subsidies can be effectively implemented, 
they would contribute largely towards the development of 
efficient clean energy systems which leads to mitigation of 
the climate change impacts. This perspective of the local 
people has been addressed by this variable which would 
govern their energy transition preference.    

Low 2    
Moderate 3    
High 4    
Very high 5  

Response variable    This is the dependent variable which has been 
conceptualized to be determined by a number of explanatory 
variables discussed above. The people's responses indicate 
the variation in choice of transitioning to better energy 
alternatives for domestic consumption. Moreover, such a 
categorization is able to capture people's willingness to 
choose the best option for their socio-economic condition as 
well as future energy scenario due to climate change. In 
addition, segregation of the responses by different socio- 
economic categories provides insight into which areas need 
to be attended to by the state for a sustainable energy 
transition in Nepal. As studies have shown that large 
hydropower (grid-electricity) and other renewables (micro- 
hydro, solar, wind and hybrid systems) are the possible 
feasible energy options in Nepal, these have been selected as 
the response categories of this variable. 

1 People's preference of transitioning to 
improved household energy options 

Preference Not aware/no change 1   
To grid-electricity 
only 

2   

To other renewables 
only 

3   

To grid-electricity and 
other renewables 

4  

Appendix B. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.esd.2024.101505. 
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