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Abstract:

Nepal, a developing country in South Asia, faces significant challenges in providing reliable
and sustainable energy access to its rural population. Renewable energy plays a crucial role in
improving the living standards of rural communities, reducing poverty, and contributing to
the overall economic development of the country. This paper explores the role of renewable
energy, particularly solar, wind, and hydropower, in rural electrification in Nepal. It examines
the ways in which these energy sources contribute to poverty reduction, improved health,
education, and economic activities in rural areas. By analyzing existing policies, local
renewable energy projects, and their impact, this study provides insights into the potential of
renewable energy to address energy poverty and improve livelihoods in Nepal's rural

communities.
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I. Introduction:

Nepal's rural areas, which are home to the majority of the country's population, often struggle
with inadequate or no access to electricity. With a vast geographical landscape, including
remote and mountainous regions, the provision of electricity through conventional grid
systems is both costly and logistically challenging [1]. In such a context, renewable energy
technologies offer a promising solution to rural electrification. By harnessing local renewable
resources such as solar, wind, and hydropower, rural communities can have reliable access to
electricity, driving significant social and economic improvements. This paper delves into the
role of renewable energy in rural electrification in Nepal, focusing on its capacity to foster

poverty reduction and sustainable development [2].

Nepal, a landlocked country nestled in the Himalayas, is home to a population of over 30
million people, with approximately 80% of its citizens living in rural areas. Despite its vast
natural resources, including an abundance of water, sunlight, and wind, the country struggles
with providing reliable and affordable electricity to its rural communities. Historically,
Nepal's energy sector has been heavily reliant on biomass, with firewood being the primary
source of energy for cooking and heating in rural households [3]. This dependency on
traditional energy sources has led to deforestation, indoor air pollution, and health-related
issues, all of which exacerbate the poverty levels in rural regions. Additionally, the
conventional grid system, which has been a focal point of electrification efforts, has had
limited success due to the country's rugged terrain, remote communities, and inadequate
infrastructure. In response to these challenges, the Government of Nepal, in collaboration
with international organizations and non-governmental organizations (NGOs), has shifted its
focus towards renewable energy solutions [4]. These solutions, particularly solar, wind, and
small-scale hydropower, have shown promise as sustainable alternatives capable of
addressing both rural electrification and poverty reduction simultaneously. The increasing
recognition of renewable energy's potential as a tool for development has led to the
implementation of several programs aimed at improving energy access and enhancing the
livelihoods of rural populations. As such, renewable energy technologies are becoming

integral to Nepal’s strategy for sustainable rural development.
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Il. The State of Energy Access in Rural Nepal:

Despite significant progress in recent years, many rural areas in Nepal remain energy poor,
with limited access to electricity [5]. According to the World Bank, only around 45% of rural
households in Nepal had access to electricity in 2017. Most of the rural areas rely on
traditional energy sources such as firewood, kerosene, and biomass for cooking and lighting.
These sources, while easily accessible, are environmentally harmful, inefficient, and often
contribute to health issues due to indoor air pollution. The lack of reliable electricity access
limits economic opportunities, inhibits educational advancements, and worsens overall health
conditions [6]. As the government of Nepal and international donors focus on achieving
universal electrification, renewable energy sources have emerged as the most viable solution
to bridge this energy gap. Energy access in rural Nepal remains a significant challenge, with
many households still relying on traditional, non-electric sources of energy such as firewood,
kerosene, and biomass for cooking, heating, and lighting [7]. According to the International
Energy Agency (IEA), approximately 40% of rural Nepali households had no access to
electricity in recent years. The uneven distribution of energy infrastructure and the country's
difficult topography have made it extremely challenging to extend the national grid to remote
and mountainous regions. As a result, a large portion of the rural population lives in "energy
poverty,” where access to modern energy services is limited, and daily activities are
constrained by the lack of electricity [8].

This energy deficiency not only affects basic needs like lighting and heating but also hinders
socio-economic development. The absence of electricity in rural areas restricts educational
opportunities, as children are unable to study after dark due to poor lighting, and schools lack
the necessary infrastructure to support modern learning tools. Furthermore, businesses in
these areas, particularly small-scale industries and agriculture, remain largely underdeveloped
because of the unavailability of power to run machinery or operate other productive
processes. For instance, farmers often struggle with limited access to irrigation systems,
leading to reduced agricultural productivity and, in turn, economic instability. Health services
also suffer in rural areas where the lack of electricity prevents the proper operation of
essential medical equipment and lighting, undermining the quality of care available. In many

villages, the absence of reliable energy sources forces people to rely on unhealthy
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alternatives, such as kerosene lamps, which contribute to indoor air pollution and respiratory
diseases.

In response to these challenges, Nepal has been exploring alternative solutions to energy
access in rural areas. The government has recognized the importance of diversifying energy
sources, and there is an increasing emphasis on renewable energy technologies such as solar
power, micro-hydropower, and wind energy [9]. These renewable sources, which can be
deployed on a small scale in rural areas, offer viable solutions to the country’s energy access
issues, especially where the extension of the national grid is not feasible due to geographic
constraints. Despite these efforts, much remains to be done to ensure that energy access is

both equitable and sustainable in Nepal's rural regions.

I11.  Renewable Energy Sources in Nepal:

Nepal has significant potential for generating renewable energy due to its diverse geographic
conditions. The country is particularly rich in water resources, which makes hydropower a
key energy source. Small and medium-sized hydropower plants, many of them in remote
areas, provide a significant portion of rural electricity needs. Additionally, Nepal is blessed
with an abundance of sunlight, making solar energy a highly effective and cost-efficient
solution for decentralized rural electrification [10]. Off-grid solar home systems, mini-grids,
and solar-powered pumps for irrigation have all seen successful implementation in rural
areas. Wind energy, though less developed, also holds potential, especially in the upper
regions of Nepal, where wind speeds are relatively high. The integration of these renewable
sources into the national energy mix offers a sustainable solution for rural electrification.
Nepal is blessed with an extensive network of rivers and streams, making it one of the most
water-rich countries in the world. Hydropower has long been a cornerstone of Nepal’s energy
strategy, with large-scale projects like the Upper Tamakoshi and Trishuli plants providing
significant portions of the national energy supply. However, small-scale and micro-
hydropower systems are particularly important for rural electrification. These systems, which
can be installed in remote areas, offer a decentralized solution that bypasses the need for
extensive transmission lines and infrastructure. With over 6,000 rivers and streams, Nepal has
the potential to generate up to 83,000 MW of hydropower, a significant portion of which can

be used for local off-grid applications, providing rural households with reliable, renewable
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electricity. The government and various NGOs have actively supported the development of
small and micro-hydropower plants, which serve as a sustainable and reliable energy source

for rural communities [11].

Solar energy has emerged as a cost-effective and accessible solution for rural electrification
in Nepal. The country’s abundant sunlight—especially in the lowland Terai and mid-hill
regions—makes solar power an ideal alternative for off-grid areas. Solar home systems
(SHS) and solar mini-grids are increasingly being adopted, offering decentralized, affordable,
and easily maintainable electricity to rural households. The government, through initiatives
like the Alternative Energy Promotion Centre (AEPC), has supported the installation of
thousands of solar systems, especially in remote and mountainous regions where hydropower
is less viable. In addition to providing electricity for lighting and appliances, solar power has
been utilized to support irrigation systems, water pumping, and agricultural activities, thus
enhancing agricultural productivity and reducing reliance on fossil fuels. Solar energy also
plays a key role in improving education and health services in rural areas by providing power

to schools, health posts, and community centers.

Although wind energy development in Nepal is still in its early stages, the country holds
considerable potential for harnessing wind power, especially in the higher-altitude regions
where wind speeds are relatively high. The potential for wind energy is most evident in the
Upper Mustang, Jomsom, and some areas in the eastern hills. These regions experience
consistent and strong winds, which can be used to generate electricity. While commercial-
scale wind projects are not yet widespread, the feasibility of small-scale, decentralized wind
turbines for rural electrification has been demonstrated in some parts of the country. The
government, along with research institutions and international donors, has begun exploring
the potential for wind energy through feasibility studies and pilot projects. In combination
with solar and hydropower, wind energy could provide a reliable and sustainable energy mix,
particularly for areas that experience seasonal or intermittent power shortages.
Biomass, particularly from agricultural residues, animal waste, and forestry products, has
traditionally been a significant energy source for cooking and heating in rural Nepal. While it
is not a renewable energy source in the modern sense (since it typically involves burning
organic materials), it remains an important part of the energy mix in rural areas. However, the

environmental and health impacts of biomass use—especially indoor air pollution from
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traditional stoves—have prompted the government to support cleaner and more efficient
biomass technologies. The development of improved cookstoves and biogas systems has
gained traction as an alternative to traditional biomass use. These technologies help reduce air
pollution, improve energy efficiency, and offer a cleaner, more sustainable option for rural

households.

IV. Impact of Renewable Energy on Poverty Reduction:

The introduction of renewable energy in rural areas of Nepal has proven to have a positive
impact on poverty reduction. Access to electricity improves living standards by enabling the
use of modern technologies such as lighting, refrigeration, and cooking stoves. This enhances
productivity, especially in sectors like agriculture, where irrigation systems powered by
renewable energy can significantly increase crop yields. Renewable energy also opens up
opportunities for rural entrepreneurship, such as small-scale industries and businesses that
require electricity. Furthermore, the availability of electricity boosts access to education and
health services, which are essential for long-term poverty alleviation. Studies have shown that
children in electrified households tend to perform better academically due to extended study

hours, better learning environments, and access to digital educational resources.

One of the most immediate impacts of renewable energy in rural Nepal is the increase in
productivity, particularly in agriculture. Access to electricity enables farmers to operate
irrigation systems powered by solar or small-scale hydropower, significantly boosting
agricultural yields. Reliable electricity also supports the use of modern farming equipment,
such as electric pumps, threshers, and mills, allowing farmers to save time, reduce labor
costs, and increase the efficiency of their operations. In turn, this enables them to produce
more crops, which can either be sold to generate income or used for subsistence, helping to
alleviate food insecurity. Furthermore, renewable energy enables small and medium-sized
businesses, such as local artisans, small-scale industries, and cottage industries, to thrive.
Access to electricity for lighting, refrigeration, and machinery can help diversify income
streams and promote local entrepreneurship, further contributing to poverty reduction by

creating jobs and increasing income levels in rural areas.

Access to electricity through renewable energy technologies has a profound impact on

education in rural Nepal. Solar-powered systems, including solar home systems (SHS) and
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solar-powered schools, provide students with lighting after dark, extending study hours and
improving learning outcomes. Rural schools, which often lack access to the national grid, can
now access digital educational resources, participate in virtual learning, and enhance teaching
methods through the use of electronic devices. As a result, children from electrified
households have improved academic performance, a key factor in breaking the cycle of
poverty. In addition to education, renewable energy also plays a significant role in improving
healthcare in rural Nepal. Health posts and clinics, which often operate without access to
reliable power, can now maintain essential services with renewable energy. Solar-powered
medical equipment, refrigerators for vaccine storage, and lighting for night-time consultations
ensure that healthcare facilities can offer higher-quality care. In remote regions, where access
to healthcare is already limited, renewable energy can be a game-changer, improving

maternal and child health, reducing mortality rates, and promoting overall well-being.

One of the most significant benefits of renewable energy adoption is the reduction in indoor
air pollution. Many rural households in Nepal rely on traditional biomass-based cooking
methods, such as open fires or inefficient stoves, which contribute to high levels of indoor air
pollution. This pollution is a major cause of respiratory diseases, particularly among women
and children who spend more time near cooking fires. The transition to cleaner energy
sources, such as biogas or solar-powered cookstoves, drastically reduces the harmful
emissions from traditional cooking methods. This shift leads to significant improvements in
respiratory health, reducing healthcare costs and increasing the overall quality of life for rural
households. The health benefits also extend to better nutrition, as renewable energy allows
for more reliable refrigeration and food storage, reducing food spoilage and improving

dietary diversity.

V. Challenges to Scaling Up Renewable Energy:

While renewable energy has shown considerable promise, there are several challenges to
scaling up its deployment in rural Nepal. One of the primary obstacles is the high initial
capital cost of renewable energy systems, particularly solar and hydropower installations.
Despite the availability of subsidies and grants, many rural households are unable to afford
the upfront investment. Additionally, there is a lack of technical expertise and infrastructure

in rural areas to maintain and repair renewable energy systems. Without proper maintenance,
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the systems risk becoming non-functional, leading to a loss of trust in these technologies.
Another challenge is the absence of a robust policy framework and regulatory support for

renewable energy projects, which can hinder investment and innovation in the sector.

One of the most significant barriers to scaling up renewable energy in rural Nepal is the high
upfront capital cost of installation and infrastructure. While renewable energy technologies
such as solar, micro-hydropower, and wind power are cost-effective in the long run, the
initial investment required for purchasing and installing these systems can be prohibitively
expensive for rural households and local businesses. Although subsidies and financing
mechanisms exist to offset some of these costs, many rural families still struggle to afford
even subsidized systems. For instance, the cost of installing a solar home system (SHS) may
be beyond the means of many households in remote areas, particularly in economically
disadvantaged communities. The lack of access to affordable financing options, low-interest
loans, and credit facilities further exacerbates this issue. Without a solution to the financing
challenge, the adoption of renewable energy technologies may remain limited to wealthier
households or those living in proximity to larger urban centers, leaving rural populations
excluded from the benefits [12].

The implementation and maintenance of renewable energy systems require specialized
knowledge and skills, which are often lacking in rural areas of Nepal. While Nepal has made
strides in building local technical expertise through training programs and partnerships with
international organizations, there remains a significant gap in human resources capable of
designing, installing, and maintaining renewable energy systems. For example, when solar or
micro-hydropower systems break down, the lack of local technicians who can perform repairs
or maintenance can result in long downtimes, rendering these systems ineffective.
Furthermore, many rural areas lack the necessary infrastructure and equipment to support the
widespread deployment of renewable energy technologies. The absence of a robust network
of service providers, repair shops, and spare parts stores in remote areas further compounds
the problem. To ensure the sustainability of renewable energy systems, investments in local

capacity building, vocational training, and the creation of a skilled workforce are essential.

V1. Government Policies and International Support

The Government of Nepal has recognized the importance of renewable energy in achieving
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universal energy access and has developed policies to promote renewable energy in rural
areas. The Alternative Energy Promotion Centre (AEPC) plays a vital role in implementing
renewable energy projects, particularly solar and micro-hydro projects. The government has
also introduced a number of incentive programs, including subsidies for solar home systems,
to encourage rural electrification. Additionally, international organizations and donor
agencies, such as the World Bank, UNDP, and the Asian Development Bank, have provided
financial and technical assistance to support renewable energy projects. These efforts are
crucial in overcoming the financial and technical barriers to widespread adoption of

renewable energy technologies in rural Nepal.

VII. Conclusion

Renewable energy is a key driver of rural electrification and poverty reduction in Nepal. By
harnessing the country's abundant natural resources, renewable energy can provide
sustainable, affordable, and reliable electricity to rural communities, thereby improving living
standards, health, and economic opportunities. However, the successful implementation of
renewable energy projects requires overcoming challenges such as high initial costs, lack of
technical expertise, and insufficient policy support. Continued investment in renewable
energy infrastructure, coupled with strong government policies and international cooperation,
will be essential for achieving long-term energy access and poverty reduction in rural Nepal.
As renewable energy technologies become more accessible and affordable, they offer a

promising pathway to a more equitable and sustainable future for Nepal's rural population.
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