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ABSTRACT

Nepal’s energy mix is predominantly based on traditional and inefficient biomass and fossil fuels. As a result, there is a notable prevalence of energy scarcity
in the country. Within the literature, there exists a lack of a comprehensive review of the potential of renewable energy in the country while the relatively less
contribution of renewable energy resources, making the country more vulnerable to adopt a more carbon-intensive energy policy. Consequently, in this study,
we conduct a thorough review of existing literature to provide a comprehensive assessment of the current status of renewable energy and the energy mix
in Nepal. We also discussed the potential for the country to transition to a sustainable energy system. This review analysis exclusively focused on scholarly
articles and research reports that specifically addressed the topic of renewable energy in Nepal. Despite the rapid decline in the cost of solar photovoltaics,
Nepal’s renewable energy share currently stands at only 3.2%. This paper argues that Nepal needs proactive and favorable strategies and policies to effectively
implement clean energy, based on the given premises and the country’s aspirations for sustainable energy. This involves a substantial amount of solar power
production combined with battery storage, supplemented by storage methods such as off-river pumping hydropower technology. The study emphasizes the
significance of renewable energy in achieving the United Nations’ Sustainable Development Goals (SDGs). This review also emphasizes the obstacles in the
advancement of Nepal’s renewable energy industry and offers suitable policy suggestions to address these obstacles, hence facilitating a sustainable shift in energy.
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1. INTRODUCTION

Energy is a vital resource that fulfills essential human requirements
and facilitates productive endeavors (Dincer and Aydin, 2023).
Global energy consumption is seeing a significant surge due to the
recent and rapid growth in population and economy worldwide,
particularly in developing market countries (Haldar et al., 2023;
Salehi et al., 2022). Energy resources are interconnected with
the security of nations, both domestically and internationally, as
well as with economic progress and a country’s ability to fulfill
its citizens’ fundamental needs (Raihan and Tuspekova, 2022;
Zimon et al., 2023). However, over 80% of the world’s primary

energy is derived from fossil fuels (coal, oil, and gas), despite
compelling evidence of escalating environmental harm caused by
their utilization (Holechek et al., 2022). Hence, there is a growing
need to address the worsening environmental circumstances
linked to the utilization of conventional energy sources (Raihan
and Tuspekova, 2022a). Unfortunately, at the moment, for many
governments around the world, the most important thing is still
economic benefits, not environmental protection and the health of
residents. However, awareness is slowly emerging in all parts of
the world that changes towards renewable energy are needed, as
evidenced by the change in the energy structure of many countries,
which is confirmed by numerous studies.(Zimon and Zimon,
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2020; Khan et al., 2023; Khan et al., 2020; Zimon and Salehi,
2023, Walasek et al. 2023). These conditions encompass issues
such as regional and indoor air pollution, localized ecosystem
damage, and the risks posed by global climate change (Raihan
and Tuspekova, 2022). Hence, the task of reconciling economic
progress with environmental preservation presents a significant
and intricate policy dilemma, with the energy aspect of this
dilemma emerging as the most urgent concern for sustainable
development on a global scale (Raithan and Tuspekova, 2022a).

A clean energy revolution is urgently needed to ensure long-term
economic growth, address climate change threats, and accomplish
the SDGs by replacing the current fossil-fuel dependent energy
infrastructure. Significant global efforts have been made to
conduct thorough research and development in renewable energy
sectors (Bhattari et al., 2023). Wealthy nations are actively
working to increase the availability of renewable energy in poor
countries. In 2019, renewables accounted for around 20% of
the total worldwide primary energy consumption (REN, 2021).
Hydropower accounted for 2.5% of the total world energy supply,
while solar, wind, geothermal, and other renewables collectively
contributed 2.2% (IEA, 2021). Developed countries are currently
primarily focusing their renewable energy research efforts on
solar and wind technologies. The International Energy Agency
(IEA) predicts that over 400 gigawatts (GW) of additional solar
and wind capacity will be installed in 2023 (IEA, 2021). Figure 1
illustrates the global net growth in energy installations. The
significant and increasing discrepancy in the rates at which solar
and coal/gas/nuclear energy sources are being utilized indicates
that almost all of the worldwide increase in electricity demand is
being fulfilled by solar energy (with assistance from wind energy).
The installed solar capacity is projected to reach approximately 6
Terawatts by 2030, surpassing the combined generation capacity
of coal, gas, hydro, and nuclear energy sources. The rapid growth
of solar energy is sufficient to achieve decarbonization of the
global energy system by 2050, even if it is utilized to power an
all-electric energy system catering to a population of 10 billion
affluent individuals.

The 21* century is faced with a significant problem in the form
of global warming and climate change, primarily caused by the

buildup of greenhouse gases (GHG) in the atmosphere, with carbon

Figure 1: Worldwide net increase in energy installations (ISES.2023).
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dioxide (CO,) being the dominant contributor (Raihan et al., 2024).
In order to mitigate GHG emissions and mitigate climate change,
it is imperative to fundamentally reposition the energy sector,
which is responsible for approximately one-third of GHG
emissions. According to the Intergovernmental Panel on Climate
Change (IPCC), it has been determined that global human-caused
emissions must decrease by 45% by 2030 compared to the level
in 2010, and ultimately reach a state of no net emissions by 2050
(IPCC, 2018). This is necessary in order to restrict global warming
to an additional 1.5°C. According to IEA (IEA, 2021), energy
consumption is projected to increase by 25% in 2040 compared to
2010. This highlights the urgent and rapid need to shift towards a
low-carbon economy, adopt renewable alternatives, and improve
energy efficiency (Akpan and Olanrewaju, 2023).

Several governments have pledged to achieve net zero emissions
between 2050 and 2060, and it is anticipated that additional
countries will do the same in the near future. The task at hand
will include advancing the date to the year 2040 (Raihan
and Tuspekova, 2023). Fortunately, the current solar and wind
revolution enables this change. In light of these worldwide
patterns, Nepal has pledged to achieve a formidable objective of
attaining net zero emissions by the year 2045 (Raihan, 2023b).
The current study examines the possibility of transforming
the energy industry in Nepal. It is crucial to recognize that the
overall energy consumption in Nepal is now very low and needs
to be raised in order to facilitate the country’s economic growth
goals. Nepal aims to transition from conventional energy sources
to renewable energy for generating grid electricity, aligning
with its objectives and current circumstances. The government
aims to raise the per capita annual power usage from 267
kWh in 2019 to 1500 kWh by 2030. Currently, hydropower
accounts for about 97% of the electrical energy generated in
Nepal, and the national system extends its coverage to over
90% of households. Regrettably, hydropower is particularly
vulnerable to disturbances caused by climate change. A grid
that lacks diversification presents a potential threat to reliability,
and it is not advisable to just rely on hydropower expansion
to meet the growing electrical demand in Nepal. Instead, the
energy composition should integrate contemporary renewable
sources in addition to hydropower, and encompass a pioneering
combination of energy storage methods, such as off-river
pumped storage.

Nepal has low per capita electricity, with rural area zones greatly
reliant on traditional energy sources like firewood and agricultural
residues. Nepal, situated in a mountainous region with steep
gradients and abundant water resources, is renowned for its vast
hydro-power generation capacity (Raihan, 2023b). However,
Nepal was listed as one of the world’s least developed nations
as a result of its egregiously inadequate use of these massive
hydropower resources. Nepal, despite its abundant hydropower
resources and rich mountainous terrain, has been ranked
among the least developed countries globally due to inadequate
utilization (Mitra et al., 2023). Nepal’s vast wind power potential
of approximately 3000 MW is largely due to its numerous tall
and windy mountains (Dincer and Acar, 2015). The country’s
300 sunny days annually provide 3.60-6.20 kWh/m?/day of solar
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irradiance, making suitable wind turbine deployment a significant
resource utilization (Adhikari et al., 2013). Multiple studies
have examined various situations regarding the advancement of
renewable energy in Nepal. The studies provided a comprehensive
overview of renewable energy resources and examined various
technologies like solar, micro-hydro, bioenergy, wind energy,
improved cooking stoves, and enhanced water mills (Surendra
et al., 2011). Previous studies focused on the possibilities
and obstacles of developing decentralized renewable energy
technologies, without taking into account the potential for large-
scale generation or integration into the power grid (Surendra
et al., 2011). Since then, there have been significant changes in
the energy situation and the availability of renewable energy
technology in Nepal and worldwide. Additional research has also
acknowledged the considerable capacity for producing renewable
energy in Nepal by utilizing local resources. Nonetheless, it is
noteworthy that previous research has not adequately recognized
the potential for integrating renewable energy technology
into the power grid to enhance the dependability of electricity
delivery to consumers. In a wider regional context, Shukla et al.
(2017) examined the possibilities and obstacles associated with
renewable energy sources in South Asian nations, with a specific
emphasis on policy, economic, human resource, and technical
factors. The study focused exclusively on small-scale off-grid
renewable energy and did not take into account the potential of
market-driven, grid-connected renewable alternatives (Shukhla
etal.,2017). Poudyal et al. (2019) conducted a study that examined
the current and future large hydropower projects in Nepal. The
study also analyzed the policies and government activities that
are intended to promote and facilitate the development of these
projects. While their focus was solely on hydropower, the research
contended that renewable resources are vital for surmounting the
present energy crisis in the nation and achieving energy autonomy
(Poudyal et al., 2019).

The present study offers a thorough examination of renewable
energy sources and their potential in Nepal. Besides, this article
provides a synopsis of renewable energy sources integrated with
the smart grid in Nepal. Eventually, this paper examines the
necessary policy and legislative changes required to promote
the progress of renewable energy technologies in the country at
now. The research leads to a discussion on how investments in
renewable energy technology might contribute to the attainment
of all the 17 SDGs proposed by the United Nations. The primary
insights of this study are: providing additional information on
renewable energy technologies in Nepal, exploring the potential
for transforming the country’s energy sector through a unique
approach of balancing excess energy from hydropower and
renewable sources on a seasonal and daily basis, and discussing
the connections and consequences of renewable energy
development in Nepal for achieving the SDGs, emphasizing
the necessity for greater integration in the planning processes
for SDG attainment. This study offers important insights
to policymakers and investors on the potential and future
possibilities of renewable energy technology in Nepal, with the
target of transitioning towards a more environmentally friendly
energy system.

2. GLOBAL RENEWABLE ENERGY
SCENARIO

Approximately 80% of the world’s primary energy supply comes
from fossil fuels. The projection from 2002 to 2030 indicates a
nearly 60% increase in global energy demand, with a 1.6% annual
increase (Raihan, 2023b). Renewable energy not only reduces CO,
emissions but also decreases dependence on fossil fuels and energy
imports, thereby promoting climate protection and economic
growth (Salehi et al., 2023; Zimon et al. 2022). Renewable energies
are predicted to contribute about 80% of total energy consumption
by 2100 (Jones and Wamer, 2016).

Global commercial progress and rising population are expected
to increase energy consumption by 30% by 2030, with renewable
energy playing a crucial role in addressing this issue (Asghar et al.,
2023). Renewable energy sources contribute to approximately one-
fourth of the world’s electricity generation. Figure 2 displays the
total accumulated capacity of renewable energy globally, spanning
from 2010 to 2022. The global installed capacity of renewable
energy reached approximately 3372 GW in 2022, representing
an almost 10 percent increase compared to the previous year.
The renewable energy sector has witnessed a significant surge in
growth in recent decades, mostly driven by the declining costs of
renewable technologies and grow2ing apprehensions regarding
the environmental consequences associated with conventional
energy sources (Statista, 2023). By the end of 2024, the total
global renewable capacity is projected to exceed 4500 GW (IEA,
2023). Furthermore, Figure 3 illustrates the worldwide renewable
energy production capacity in 2022 categorized by various forms
of renewable energy. Figure 4 shows that hydropower constitutes
35% of the global aggregate of renewable energy generation. The
solar and wind energy sources supplied 33% and 26% respectively.
Furthermore, bioenergy accounted for 4% of the overall renewable
energy, with the remaining 1% being produced by other sources
like geothermal and tidal energy.

3. CURRENT ENERGY SCENARIO OF
NEPAL
Nepal’s energy consumption in the 2019/2020 period amounted to
14.464 million tons of oil equivalent (Mtoe), a significant rise from

10.29 Mtoe in 2012 (MOF, 2021). This growth can be attributed

Figure 2: Global renewable energy capacity (Statista, 2023)
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Figure 3: The annual trend of Nepal’s energy mix (MOF, 2021)
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Figure 4: Global renewable energy production capacity by type
(Statista, 2023)
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to the country’s limited number of businesses and energy-
intensive sectors. Nepal mostly relies on biomass and imported
fossil fuels as its main energy resources (Raihan and Tuspekova,
2022). The national energy mix is predominantly composed of
traditional biomass, which includes firewood, animal manure, and
agricultural leftovers. This biomass accounts for approximately
68% of the total energy supply and holds a dominant position in
the energy sector (MOF, 2021). The majority of the remaining
energy requirements are fulfilled through the importation of fossil
fuels (such as petroleum and coal) from India. These imports
constitute over 28% of the overall primary energy consumption.
The remaining portion of the supply is derived from local energy
generation, predominantly hydropower (3.5%) and distributed
renewables (3%), consisting mainly of solar home systems and
biogas (MOF, 2021).

The current trend in the energy mix of the national energy
consumption is presented in Figure 4. As demonstrated, the
proportion of traditional energy has declined by around 10%

during this 6-year timeframe, and this decline has been offset
by a corresponding rise in the proportion of commercial energy.
Throughout this time frame, the proportion of renewable energy
sources has remained quite constant. The main factors responsible
for the observed changes are the rising vehicle population and the
growing adoption of liquefied petroleum gas (LPG) for cooking,
gradually replacing biomass energy, especially in urban regions.

Furthermore, Figure 5 illustrates the overall yearly electricity usage
across different industries. The domestic sector is the primary
consumer of power, with the industrial sector being a close second.
Despite the overall underdevelopment of Nepal’s economy, the
industrial sector experienced consistent growth in power usage
until 2019. However, in 2020, there was a 6% reduction in energy
usage due to the COVID-19 epidemic, which resulted in significant
losses for the industrial sector. Despite the relatively low levels of
energy consumption, individuals have been compelled to endure
extended periods of electrical blackouts as a result of significant
energy shortfalls and suppressed demands. The negative effects
of this have had a detrimental impact on both the overall standard
of living and the economic progress of the nation (Koyrala and
Acharya, 2022). The aforementioned data unequivocally indicates
that solar, wind, and other renewable energy sources are currently
insufficient in their contribution to Nepal’s energy composition.

3.1. Solar Energy

Solar energy is a sustainable and perpetual energy source that does
not emit harmful GHGs or toxic gases like CO,, SO,, and NOx
during energy generation (Shahsavari and Akbari, 2018). Nepal
possesses the greatest capacity for renewable energy generation
through solar power, particularly in the regions of Kathmandu and
the northwestern area, which exhibit higher levels of solar radiation
and PV potential compared to other parts of the nation. Figure 6
displays the solar energy capacity in Nepal. Theoretical solar
capacity surpasses the combined potential of all other resources by
a factor of 100. Solar PV power generation is currently more cost-
effective than other energy sources, save for the most advantageous
hydropower locations. Nepal has the potential to develop four
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Figure 5: Nepal’s electricity usage across several sectors (MOF 2021).
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Figure 6: Solar energy potential in Nepal (Global Solar Atlas, 2019)
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types of solar energy technology: grid-connected PV, solar water
heaters, solar lanterns, and solar home systems. Nepal is located
at a latitude of 26-30°N and experiences over 300 days of sunlight
annually. The area has a rather high level of solar radiation, with
an insolation of approximately 4.7 kWh/m? day (17 MJ/m? day).
Additionally, it receives an average of 6.8 h of sunshine each
day (SEMAN 2019).

Nepal’s off-grid families are increasingly adopting solar PV
systems, with 60 MWp of off-grid PV and 20 MW of grid-
connected systems deployed by 2019 (SEMAN, 2019). Currently,
there are over 1.1 million households equipped with solar home
systems. A significant number of institutional systems have
been implemented in educational institutions, health facilities,
residential accommodations, and other locations. Additionally,
over 10,000 solar streetlights have been deployed (AEPC, 2021).
Figure 7 illustrates the significant increase in the number of solar
household systems installed from 2011 to 2014, followed by a less

International Journal of Energy Economics and Policy

consistent pattern since 2014/2015 (MOF, 2021). Following 2018,
the Nepal Energy Authority (NEA) made significant enhancements
and expansions to the provision of energy through the grid system.
Therefore, based on these data, solar technology may appear to
be financially rewarding.

In 2021, the Department of Electricity Development (DoED)
granted survey licenses to 34 grid-tied solar projects, totaling
1101.7 MW, and building permits to 22 projects, totaling 137.56
MW (NEA, 2021). The Nepalese government is currently
constructing a solar PV facility with a capacity of 25 MW in the
Nuwakot district. This project, once completed, will be the largest
solar plant in Nepal, aligning with the government’s strategy
to integrate advanced renewable energies into the national grid
(NEA, 2021). The adoption of isolated solar technologies has been
promoted by international donors and the government primarily
due to their lower initial cost and immediate installation. Over the
past few decades, Nepal has implemented various solar energy
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Figure 7: Installation of solar home systems in Nepal (MOF 2021)
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technologies, including household solar lights, water pumping
systems, solar disinfection of drinking water, domestic space and
water heating, and electro-chlorination of water supply systems
(Bhattarai et al., 2023a).

3.2. Hydropower

Nepal’s most common form of renewable energy is hydropower,
but only 2% of the country’s national hydro resources are
currently utilized. A viable alternative for Nepal’s future
economic development is the hydro resource. The high
Himalayan-based rivers make up 2.2% of global water resources,
a four-fold increase from the world’s average water resources.
Nepal’s hydropower generation is significantly enhanced by
over 6000 rivers flowing from north to south, showcasing its
vast hydropower potential. Nepal possesses a highly rugged
topography, with elevations ranging from 60 m above sea
level (masl) to 8848 masl at the peak of Mount Everest. This
significant variation in elevation occurs across a relatively short
north-south distance of <150 m. The annual water supply of 225
billion cubic meters flowing out of the nation, along with the high
elevation, is very advantageous for generating hydropower in
Nepal. Hydropower is currently the primary source of electricity
in Nepal and is expected to remain a significant component of
the energy mix. The country’s theoretical hydropower capacity
is estimated to be 83 GW, with 45 GW considered commercially
viable. According to the DoED (DoED, 2021), large-scale
hydropower projects generated 563 MW of electricity, small
hydropower plants produced 581 MW, and off-grid micro
hydropower schemes generated 72 MW. Figure 8 displays the
primary hydropower projects in Nepal, including those that are
now operational, under development, and planned.

In 2018, a significant achievement in the power industry occurred
with the activation of the Dhalkebar-Muzaffarpur cross-country
transmission line connecting Nepal and India. The significance of
this transboundary transmission line lies in its ability to enable
the export of excess power to adjacent nations in South Asia.

This presents a potential for the country to experience economic
growth and achieve a favorable international trade balance (IHA,
2019). Nevertheless, comprehending and strategizing for the
adverse social and environmental consequences of extensive
hydropower initiatives is crucial. Given that solar energy is now
cheaper than the majority of hydropower systems, implementing
less invasive solar projects could be more widely accepted and
contribute to achieving the objective of a more varied national
energy portfolio. Moreover, hydro projects often give rise to land
and environmental issues, such as flooding occurring at or in close
proximity to dam sites. A further worry arises from the absence
of a varied energy mix in Nepal, mostly due to the prevailing
dominance of hydropower.

3.3. Wind Energy

Wind energy is a widely adopted renewable energy source globally.
Over the past decade, the global production of wind energy has
significantly increased to over 20% annually (IEA, 2023). The
location of wind farms is a difficult topic in Europe because
local residents often protest against such a solution. This is a big
problem, for example, in countries such as Poland.

Nepal’s wind power expansion is limited, but its capacity is
relatively high because of its geographical and topographical
features (Poudyal et al., 2019). A wind-solar hybrid power
system of significant size was erected in Hariharpurgadi, located
in the Sindhuli district of Nepal. This system has the capacity to
generate 110 kilowatt-hours (KWh) of energy per day ADB 2017).
Similarly, in the remote town of Dhaubadi, a small-scale wind-
solar system produces 43.6 KWh of electricity daily (WPN, 2016).

3.4. Bioenergy

Biomass is widely recognized as a potential alternative energy
source globally. Biomass is derived from living organisms like
wood, agricultural crops, forest residues, animal waste, municipal
solid waste, aquatic plants, algae, and waste from biomass-based
industries (Raihan, 2023). Figure 9 presents different kinds of

International Journal of Energy Economics and Policy | Vol 14 « Issue 6 * 2024




Raihan, et al.: Renewable Energy in Nepal: Current State and Future Outlook

Figure 8: Major hydropower projects in Nepal (Hydro Review, 2019)
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biomass usage for global energy generation. Approximately
3.5 million homes, out of a total of 5.4 million households in Nepal
dependent on biomass for cooking. The conventional utilization
of biomass for cooking purposes is characterized by inefficiency
and is associated with household air pollution, resulting in around
24,000 fatalities per year. Additionally, this practice leads to
deforestation and forest degradation, leading to habitat loss and
a net increase in GHG emissions (Raihan and Tuspekova, 2022;
Zimon et al., 2023). An alternative method that is more effective
involves generating biogas by subjecting material to anaerobic
digestion.

Firewood combustion is the principal method for generating
household energy in Nepal, accounting for 66.2% of the country’s

primary energy. This is mainly due to its abundant availability.
Usage in distant and mountainous places, particularly, exceeds
80%. Firewood serves as the predominant source of fuel for
cooking and heating, but it also plays a significant role in
deforestation and causes substantial environmental and health
consequences. Firewood fuel accounts for over 80% of the total
energy share in 49 out of 77 districts in Nepal (Nepalmap, 2021)
Mugu district has the biggest proportion, accounting for 98.8%,
while the capital city, Kathmandu, has the lowest proportion,
amounting to 7.6% (Nepalmap, 2019).

The utilization of agricultural leftovers as fuel is most prevalent in
the low-lying Terai, which is characterized by highly fertile terrain,
whereas it is least common in the arid mountainous regions. The
agricultural residues available in the year 2019/2020 were expected
to be 23.5 million tons, which is equivalent to 5803 kilotons of
oil equivalent (MoAD, 2021). If these sources were effectively
transformed into energy, they could potentially meet around 61%
of Nepal’s total energy consumption (MoAD, 2021). Figure 10
illustrates the respective contributions of several crops to the
overall output of residue in the year 2019/2020. Paddy, sugarcane,
wheat, maize, and grain legumes are the top crops contributing to
crop residue production.

In rural Nepal, dried animal excrement is mostly utilized as a
source of fuel in areas where clean and economical energy options
are limited. Dung cakes are composed of desiccated animal
excrement combined with agricultural remnants. These are utilized
as a source of fuel for both cooking and heating purposes. Dung
cakes are widely regarded as highly inefficient as an energy source
due to the emission of noxious fumes and compounds during
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Figure 10: Crop contributions to residue production (MoAD, 2021)
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combustion, which have detrimental effects on human health.
According to the Ministry of Finance (MOF), dried animal dung
accounted for 2.95% of Nepal’s entire energy utilization in the
year 2019/2020 (MOF, 2021). Utilizing anaerobic digestion to
produce biogas is a far more efficient method of converting fresh
animal manure into energy.

Biogas has a significant historical presence in Nepal, dating back to
1955 when the first plant was built at Saint Xavier’s school. Since
the 1990s, the Government of Nepal has been actively pushing
the biogas support program with the assistance of various donor-
supported initiatives. By the end of the fiscal year 2019/20, there
were a total of 431,000 household biogas plants erected. These
plants varied in size, ranging from 4 to 10 m?, and collectively
produced over 100 MW of energy equivalent (AEPC, 2019).
Figure 11 displays the annual installation of biogas plants inside
the country. A study conducted among around 6000 families in
Nepal revealed that the utilization of biogas for cooking resulted
in a roughly 50% reduction in the consumption of fuel wood and
contributed to the achievement of forest conservation goals. Biogas
is a viable and efficient option for providing residential energy in
rural homes that have enough land and cattle. Commercial biogas
facilities with digester sizes over 3000 m® are a relatively young
and developing industry in Nepal, when compared to smaller home
biogas plants. To date, a total of five expansive biogas facilities
have been established, with numerous further ones now being
constructed in various towns. These facilities are designed to
convert organic municipal solid waste into biogas.

The generation of biogas from livestock manure can enhance
electricity production, provide thermal energy, and serve as a
substitute for fossil-based transportation systems.

4. RENEWABLE ENERGY SOURCES
INTEGRATED WITH SMART GRID IN
NEPAL

A smart grid enhances infrastructure and electrical energy
systems, fostering a more intelligent environment. A smart grid
modernizes electrical power infrastructure and services, enhancing
reliability and efficiency (Dudin et al., 2019). Renewable energy
sources offer increased efficiency and convenience, but they also
increase energy prices and contribute to the greenhouse effect.

The most effective method involves utilizing wind generators,
hydroelectric, solar energy, and biofuels for electricity generation.
The extensive adoption of these inventions depends on three
key factors: Demand-side capacity planning, distributed energy
storage, and distributed energy management. This connects various
energy sources to the electricity grid (Du et al., 2021). The smart
grid’s energy storage system significantly supports the growth of
renewable energy technologies, enhancing the overall efficiency
and sustainability of the system (Vedanarayanan et al., 2022).

Figure 12 displays Nepal’s power transmission network map,
showcasing the inhomogeneity of the country’s distributed
networks, including both existing and proposed networks. Major
hydropower stations, the primary electricity sources, are located
in the Himalayan region because of the abundance of perennial
rivers. Load centers like industries, commercial areas, and large
residences are located far from generating stations, necessitating
longer transmission lines for power supply. It is dispersed
sporadically in other locations and congested in commercial and
industrial centers like KaV, Butwal, and Hetauda. As of 2019,
around 75% of'the lengthy transmission lines run at 132 kV. A mere
12% of transmission lines function at 220 kV or above, leading to
a transmission loss of 4.64%, beyond the permissible threshold
of approximately 2% (NACAA, 2015). The increasing usage of
renewable energies and aging transmission infrastructure make it
challenging to maintain grid stability and flexibility. The lack of
control and increased costs of acquiring high-voltage transmission
lines also pose restraints (Bhattarai et al., 2023).

Nepal’s power system faces significant concerns such as a
fragile network, high loss, aging infrastructure, power theft, poor
penetration of renewable energy sources, and severe dependence
on fossil fuels (Zimon et al., 2023; Bhattarai et al., 2023). The
Nepal Electricity Authority (NEA) plans to establish 5 million
smart meters in stages by 2025 to address energy-related issues.
The plan is to install 98,000 smart meters in two distribution
centers in Kathmandu Valley by May 2020 and 450,000 smart
meters in 10 centers by May 2021. Despite the COVID-19
pandemic causing complexities, only 60,000 smart meters have
been deployed, resulting in immediate benefits like lower reading
costs and reduced losses. The company plans to establish 3 million
smart meters by May 2023 and 5 million smart meters by May
2025. The National Environment Agency (NEA) has set a target to
undertake several pilot projects. The Kathmandu Valley Substation
Automation Project aims to enhance grid reliability, reduce
operating costs, and extend equipment service life. Numerous
high-voltage transmission lines (400 kV) have been completed,
and more are currently being built or proposed (NEA, 2021).

Nepal’s Ridi Hydropower Company connected its first 8.5 Megawatt
private-owned solar power plant to the national transmission line
in Butwal, demonstrating the potential of renewable energy
sources. The Nepali government has granted construction licenses
to 15 solar power projects, totaling approximately 92 MW.
Geotechnical investigations and hydrological studies are ongoing
in the 150 MW BegnasRupa Pump Storage Hydroelectric Project,
while a Memorandum of Understanding has been signed for the
Kulekhani-Sisneri Project (NEA, 2021).
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Figure 11: Installation of biogas plant in Nepal (MOF, 2021)
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Figure 12: Nepal’s power transmission network map (Bhattarai et al., 2023)
80°0€ 81°0€ 82'0€ 83°0E 84°0E 85°0 86°0 87°0€ 88°0€
4 N k2
8 8
z z
o Lo
2 b
~N ~N
7’
To Bareilly
Z z
54 LS
& &
g g
& Legend &
Existing Power Stations Transmission Lines — — Construction132kv
®  Hydropower Existing 132kV  — — Construction 66kV
©®  Small Hydropower Existing 66 KV - Construction 33Ky  — Existing 220kV
z — isti i =
8. Solar Exising33KV - - Planned 132 kV i’r‘;s;:;‘sge’g';‘;f)'&°“s""°"°“ 400KV | S
© » Ty e ©
h 3 o = = Consiucion 220KV —- - Planned 33V o — :
J J ) J | J ) | J
80°0E 81°0E 82°0E 83°0E 84°0E 85°0E 86°0'E 87°0E 88°0'E
5. CHALLENGES AND initiatives. Nepal has set a significant goal of generating 127 MW
RECOMMENDATIONS of solar power, with the government investing the most in this

form of energy. This indicates that solar energy is becoming the
primary component of Nepal’s energy mix. In addition to solar

The Nepalese government has been actively endeavoring to - ) ) :
power, the country is embracing various kinds of renewable

advance renewable energy technologies at the federal, provincial,

and local levels in collaboration with pertinent partners. In order
to enhance and encourage the renewable energy industry, many
policies and strategies have been devised. The Nepali government
is implementing various legal frameworks and progressive
programs to accelerate the adoption of renewable and clean energy

energy generation in order to achieve its climate objectives, with
a particular emphasis on promoting sustainable energy expansion.

Nevertheless, the current accomplishments remain inadequate,
underscoring the necessity for novel approaches that enhance the

nternational Journal of Energy Economics and Policy |

0l 14 « Issue 6



Raihan, et al.: Renewable Energy in Nepal: Current State and Future Outlook

adoption of contemporary energy solutions. In relation to renewable
energy and its associated sustainable development goal (SDG 7),
the government set a target to increase the proportion of renewable
energy in final energy consumption to 22.1% by 2019. According
to the 2020 National Review of Sustainable Development Goals
by the Government of Nepal, renewable energy now accounts
for barely 5% of the overall energy mix. This exemplifies the
ineffectiveness of policies and tactics un significantly boost the
utilization of renewable energy. The failure may be attributed to
insufficient vertical and horizontal coordination across various
ministries, departments, and stakeholders in formulating and
executing a strategy and action plan that aligns with energy
policy. Another possible factor could be the establishment of too
ambitious objectives without the presence of specific strategies
and initiatives to achieve those objectives.

Nepal faces challenges in incorporating renewable energy,
including policy, economic, and technological aspects. Prioritizing
conventional energy sources like firewood, agricultural leftovers,
and dung cakes, and implementing clean cooking solutions is
crucial. The business sector should also focus on renewable energy,
replacing coal and petroleum with electric vehicles, biogas, and
electric cooking. Nepal’s majority of electricity consumption is
met by hydropower, with limited alternative sources. The country
has the greatest solar power capacity, making it crucial to include
it in the national energy portfolio. Innovations like solar rooftop
systems, building-integrated solar PV, and PHES can help maintain
energy balance. Islam et al. (2021) provides evidence that biomass
can be used to produce renewable energy, hence can be adopted in
Nepal. Moreover, Nepal can also explore the opportunity to utilize
its geothermal energy. There are 29 geothermal springs being
identified in Nepal. But this would require financing such projects,
hence public-private partnership can be adopted (Taghizadeh-
Hesary et al., 2020).

The government is promoting renewable energy development
through the Central Renewable Energy Fund and the Sustainable
Energy Challenge Fund, aiming to replace nonrenewable energy
sources with renewables. However, thorough monitoring and
policies supporting market-driven commercial renewable energy
solutions are needed to maximize their benefits. Nepal’s renewable
energy sector is in its early stages of development, with most
technology and infrastructure imported. The government would
concentrate on capacity-building and enhancing renewable energy
research, education, and start-ups. The country’s policy document
lacks a comprehensive framework for promoting renewable energy
usage, and its objectives are modest. Developing policies and
strategies that leverage Nepal’s unique characteristics is crucial
for renewable energy growth.

6. RENEWABLE ENERGY FOR
ACHIEVING SDGS

Energy serves as the fundamental pillar of environmental
preservation, economic advancement, and social fairness, since it
profoundly influences every facet of human existence, including
the environment, education, health, commerce, security, food

production, and employment generation (Raihan et al., 2023).
Utilizing renewable resources is the optimal alternative to
fossil fuels and the inefficient utilization of traditional fuels like
firewood, agricultural leftovers, and animal dung (Raihan et al.,
2022). This approach guarantees an energy supply that is efficient,
abundant, environmentally friendly, and sustainable (Raihan
et al., 2023). An optimal combination of renewable energy
technologies can ensure consistent and dependable energy access.
Renewable energy is intricately linked to SDG 7, which pertains
to the provision of accessible and environmentally friendly
electricity. As the population increases, the demand for energy
will inevitably rise. Therefore, it is crucial to invest in renewable
energy technology development, improve energy efficiency, and
provide universal access to energy in order to accomplish SDG
7. In addition to SDG 7, the utilization of renewable energy
contributes to the progress of other SDGs, both directly and
indirectly (Figure 13).

Renewable energy contributes to the attainment of SDG 1
(no poverty) by guaranteeing water supply through watershed
management and climate resilience, while also providing power
to small industries and enterprises to generate revenue and
employment opportunities. Renewable energy contributes to the
attainment of SDG 2 (zero hunger) by facilitating the lifting of
water for irrigation, providing clean drinking water, and supporting
food processing and storage. Renewable energy contributes to
the attainment of SDG 3 (health and well-being) by powering
medical equipment and providing storage for vaccinations,
facilitating access to telemedicine, and ensuring suitable living
conditions through water and space heating. In South Asia, 40%
of the population now lacks access to clean cooking energy. The
utilization of solid fuels in conventional cooking is accountable for
nearly four million premature deaths worldwide. Additionally, it
promotes the development of noncommunicable diseases such as
heart disorders, chronic obstructive pulmonary disease (COPD),
and lung cancer (WHO 2018). Utilizing renewable energy systems
for cooking and lighting in clean technologies significantly
decreases the emission of particulate matter, carbon monoxide, and
other detrimental gases. This reduction in harmful emissions lowers
the likelihood of respiratory diseases and early deaths. This fosters
the enhancement of individuals’ health and overall well-being.

Renewable energy contributes to the attainment of SDG 4
(quality education) by enhancing the availability of technical and
vocational education, fostering the utilization of multimedia and
interactive learning platforms, and expanding chances for remote
learning. Renewable energy contributes to the attainment of SDG
5, which focuses on gender equality, by reducing labor-intensive
tasks and alleviating monotonous work, enhancing access to
information, and advocating for women’s involvement as energy
producers and consumers. Renewable energy contributes to the
attainment of SDG 6 (clean water and sanitation) by powering
water pumping and treatment facilities, promoting innovative
approaches and strategies for the diverse utilization of water,
and facilitating the conversion of waste into energy. Renewable
energy contributes to the attainment of SDG 8 (decent work and
economic growth) by efficiently distributing energy to businesses
and creating employment opportunities. It also encourages the use
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Figure 13: The link between renewable energy and SDGs (UNDP, 2023)
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of efficiency and automation practices and supports the financing
of renewable energy projects. Renewable energy contributes to
the attainment of SDG 9 (industry, innovation, and infrastructure)
by providing clean energy for enhancing value through productive
applications, promoting the transition from firewood to electricity
as a fuel source, implementing distributed generation to minimize
energy loss, and implementing demand side management to
optimize energy efficiency.

Renewable energy contributes to the attainment of SDG 10 (reduced
inequality) by facilitating the development of gender equality
and social inclusion (GESI) oriented renewable energy projects.
It supports the establishment of women-led firms that operate on
renewable energy and provides assistance to barefoot renewable
energy technicians. Renewable energy contributes to the attainment
of SDG 11 (sustainable cities and communities) through the
promotion of electric vehicles, the advancement of energy efficiency,
the establishment of waste-to-energy systems, and the enhancement
of clean water accessibility. Renewable energy contributes to the
attainment of SDG 12 (responsible consumption and production)
by fostering the adoption of an energy prosumer model within
communities. This model combines the roles of energy producer
and consumer, thereby boosting energy efficiency, waste reduction,
recycling, and the utilization of information technology. Renewable
energy contributes to the attainment of SDG 13 (climate action) by
facilitating the implementation of early warning systems for disaster
risk reduction and enhancing the accessibility of information.

Renewable energy contributes to the attainment of SDG 14 (life
below water) by promoting the use of water pumps in aquaculture

and improving technologies for recycling, waste management, and
oxygenation of stagnant water. Renewable energy contributes to
the attainment of SDG 15 (life on land) through the promotion
of watershed management, the establishment of water recharge
systems, and the provision of clean and efficient energy solutions
for buffer zones. Renewable energy contributes to the attainment
of SDG 16 (peace and justice strong institutions) by promoting
transparency and accountability in renewable energy initiatives.
Renewable energy contributes to the attainment of SDG 17
(partnerships for the goal) through various means. Firstly, it
facilitates the incorporation of renewable energy sources as
an alternative to traditional sources. Secondly, it establishes
a renewable energy fund at the central, provincial, and local
levels. Thirdly, it strengthens partnerships for both international
and domestic carbon markets. Lastly, it supports research and
development efforts for technology adaptation and field testing.

7. CONCLUSION

The prevailing use of fossil fuels in the worldwide energy
provision and the concerning phenomenon of rapidly increasing
global climate change necessitate an immediate shift towards
a renewable and highly efficient energy source. Despite its
minimal contribution to global GHG emissions, Nepal is
confronted with the harsh reality of climate change caused
by the release of GHGs. Transitioning to renewable energy is
beneficial for both the country and the world. Furthermore, the
adoption of renewable energies, along with the implementation
of appropriate energy storage technologies, will not only
enhance the resilience of society to climate change but also
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enhance energy security and reliability, both of which are crucial
for sustainable development.

The growing utilization of renewable energy technologies will
also contribute to achieving SDGs. Currently, traditional energy
sources contribute significantly to the energy consumption in
Nepal. The country possesses significant potential to facilitate
a shift from conventional energy sources to renewable energy
through the utilization of hydropower, solar, wind, and biogas
for energy generation. Furthermore, considering the decreasing
cost and increasing efficiency of solar PV, it is more advantageous
in the long term to choose solar PV with PHES as a storage
technology for broader implementation, as opposed to relying
primarily on hydropower. Moreover, the utilization of biomass
can offer a sustainable and environmentally friendly solution for
cooking energy, thereby incentivizing the public to transition
away from conventional and harmful energy sources. Therefore,
by augmenting the proportion of renewable energy in Nepal’s
energy composition, the country may effectively attain both net-
zero emissions and SDGs.
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