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Abstract

Nepal is a mountainous country rich in water resources, with huge potential for
hydropower generation. The Department of Electricity Development (DoED), which
sits within the Nepalese Ministry of Energy, has published Guidelines for Study of
Hydropower Projects to set out the official standards for the detailed study of hydropower
projects in Nepal. The guide is regularly revised, with the latest revision having taken
place in 2018, in order to ensure the long-term sustainability of the projects. Among
the key issues considered are the linkages between glaciers and hydropower projects
in Nepal under a changing environment. The formation of new glacial lakes and
the potential for glacial lake outburst floods (GLOFs) are recent challenges in the
Himalayan region. As such, any change impacting these processes may have serious
consequences on hydropower projects or cause severe damage to these projects across
the country, whether they are in the planning phase, under construction, or completed.
This paper aims to make the connection between the status of hydropower projects in
Nepal and the state of glaciers in the Himalayas, and suggests that advanced studies
on glacial lakes and GLOFs are needed to ensure the long-term sustainability of
hydropower projects under changing climate.
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1. INTRODUCTION

Nepal is approximately 80% mountainous, with altitudes ranging from a few hundred meters to
over 8000 meters above sea level (m asl), and a climate that varies with topography and altitude.
The high mountains on the northern edge of the country are covered with snow and glaciers,
while its southernmost part, known as the Terai belt, is flat; the rise in elevation between the two
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is scattered with valleys between mountain ranges rising to the north (Figure 1). Within such a
complex geography, over 6000 rivers and streams (including rivulets and tributaries), with a total
drainage area of 194,471 km?, flow mostly north to south and at generally high velocities due to
the high slopes. The cumulative length of all the rivers of Nepal is around 45,000 km. According
to estimates, the country counts 1000 rivers longer than 10 km, with about 24 of them over 100 km
long, and 33 rivers with drainage areas exceeding 1000 km? [1]. Nepal is thus believed to be one
of the richest countries in water resources worldwide.
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Figure 1: Major river networks (dark blue) in Nepal. The light blue lines on the map represent the minor river networks.

Most perennial rivers in Nepal are glacier-fed and provide sufficiently sustained flows to
fulfil the water requirements of hydropower plants, irrigation canals, and water supply schemes
downstream, even during the dry season. The country’s rivers can be classified into three broad
groups on the basis of their origin. In the first group, snow-fed rivers have their origins in the
snow and glaciated regions of the Himalayas, and ultimately become major tributaries of the
Ganges River in northern India. They include the major river systems (Figure 1) of the Koshi River,
Gandaki River, and Karnali River. Rivers in the second group originates from the middle, hilly
regions of Nepal. Their flow regimes are affected by groundwater and precipitation levels during
the monsoon. Groundwater contribution to these rivers maintains their minimum flow level and
prevents their drying outside the monsoon season. The Bagmati, Kamala, Rapti, Mechi, Kankai,
and Babai rivers all belong to this second group. Rivers in the third group have their origins in
the Siwalik zone. Tinau, Banganga, Tilawe, Sirsia, Manusmara, Hardinath, Sunsari, and other
smaller rivers are all examples of rivers falling in this last group. Their flow is mostly dictated by
precipitation levels during the monsoon, and could be significantly reduced out of the monsoon
season. Approximately 60-85% of the annual river discharge from all river systems in Nepal
occurs during the three months of the summer monsoon (July to September), which makes it a
season of particular importance. However, some rivers are reliable for their consistent discharge
through the year, and as such provide potential opportunities for different sectors. The Himalayan
glaciers are the main source of water that ensure the consistency of river runoff is maintained.
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There are about 3,252 glaciers in Nepal, covering a total area of 5,323 km?. Attached to these are
2,323 glacial lakes, with a total area of 75.70 km?, for the most part located in the steep slopes of
the Nepalese Himalaya [2].

One of the important possible benefits of the mountainous rivers of Nepal is their potential
for hydropower generation. Hydropower is the power derived from the energy of falling or
fast-flowing water, one of the most widely used clean and renewable energy sources. According
to the Nepal Electricity Authority (NEA), around 90% of the total electricity used in Nepal is
generated from hydropower plants, with only about 10% generated from thermal plants. The
huge potential of water resources makes the production of electricity from hydropower one of the
most important sectors for the present and future economic development of Nepal. The facts and
figures of hydropower development in Nepal have been the subject of many studies [1,3,4], and
several public and private hydropower development projects have started over the past decade.
Nepal is believed to have the potential to generate 83,000 MW of electricity from hydropower,
which amounts to almost 3% of the world’s capacity [1]. The national production of hydropower
has increased in recent decades [1], however, although the potential for hydroelectricity generation
from Nepalese rivers is now well-known, the realisation of this potential is not happening in
practice, due to many factors including the lack of financial, planning, human, and time resources,
as well as the issue of transportation of construction materials [3]. It should be highlighted here
that most of the proposed hydroelectricity operations are run-of-the-river (ROR) hydroelectric
generation plants. Therefore, river discharge and the sources of upstream runoff are important
considerations to ensure a river can produce hydropower energy consistently. Any fluctuation in
runoff may cause remarkable changes in hydropower production.

Natural hazards such as earthquakes, floods, and landslides are common in Nepal. They have
many causes, including changeable hydroclimatic conditions, young geological features, unplanned
human settlements, deforestation, environmental degradation, and a growing population [5].
Disasters resulting from natural hazards cost lives, destroy infrastructure, and are an unparalleled
threat to sustainable development. Since natural disasters are extremely sensitive to climate
change, Nepal is one of the highest risk countries in the world. One of the important issues is
the possible risk arising from natural disasters for hydropower projects. For example, landslides,
extreme floods, glacial lake outburst floods (GLOFs) and landslide-dam outburst floods can have
a direct impact on hydropower projects in many ways. On the other hand, the impact of climate
change on water resources, causing the shrinkage of glaciers, the expansion of glacial lakes, and
fluctuations in runoff is a serious concern, especially in mountainous regions [6-8].

Nepal intends to grow its grossly under-developed hydropower sector, both for internal
consumption and exports, and has an ambitious pipeline of projects. However, over the last
few years, many hydropower installations throughout the country have been badly affected by
natural disasters, resulting in significant economic losses. It is widely agreed that Nepal is not
well prepared yet to manage such disasters. As recently as 5 July 2016, the Bhotekoshi River
in Sindhupalchowk District swept away 20 concrete houses, and put 200 more houses at high
risk [9]. At Kodari along the Araniko highway, the river eroded 50 meters of road; the flood swept
away half of the dam of the Upper Bhotekoshi Hydropower Project (Figure 2). The severe flash
floods in the Bhotekoshi River reportedly occurred after a glacial lake burst through its dam near
the head of the river, in the upper Himalaya. As glaciers retreat at alarming rates due to global
warming and climate change, glacial lakes are rapidly expanding [7]. At least 20 glacial lakes
have been identified as potentially dangerous in Nepal, posing imminent risk to downstream
households, livelihoods, and infrastructure, including hydropower projects. This study explores
the relationship between glaciers and hydropower development, and discusses the challenges with
and sustainability of hydropower projects in Nepal.
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Figure 2: Damaged dam of the Upper Bhotekoshi Hydropower Project after flooding on 5 July 2016 on the Bhotekoshi
River in Sindhupalchowk district, Nepal [18].

2. DEVELOPMENT OF HYDROPOWER PROJECTS

The history of hydropower development in Nepal spans over 100 years, and started with the
construction of the Pharping Hydroelectric Plant (500 KW) in 1911. According to the NEA,
Nepal’s total installed electric capacity (as of June 2016) is 765 MW, which is nominal compared
to its hydropower potential. The annual peak power demand from the Integrated Nepal Power
System (INPS) was 946.10 MW in 2011, and the electricity demand in Nepal is increasing by about
7-9% (approximately 80 MW) every year. Although the country boasts tremendous hydropower
potential, only about 40% of Nepal’s population has access to electricity, via both the grid and
off-grid systems.

As mentioned earlier, most hydroelectricity in Nepal is produced in ROR power plants. Figure
3 shows a schematic diagram of how power is generated from a river in a typical ROR process
used in Nepal. Water is made to drop elevation through a canal or large tube called a penstock.
When the water reaches the end of the penstock, it turns a water wheel, or turbine, connected to
an electrical generator, which in turn generates electricity. In general, the maximum electricity can
be produced from river water levels during the monsoon season; however, during the dry season,
only a minimal amount of power can be derived from the river system. This is particularly true
in the case of rivers that are not snow-fed. To guide the development of hydropower projects in
Nepal, the Department of Electricity Development (DoED) of the Ministry of Energy published
the Guidelines for Study of Hydropower Projects in 2003. These provide guidelines to carry out pre-
feasibility and feasibility studies, as well as related information useful throughout the construction
of hydropower projects.

As mentioned above, several hydropower development projects are in the planning phase,
while a few are already operational, or at the site survey or construction stages. There are currently
250 hydropower projects proposed across Nepal. Figure 4 presents the location of each of these
hydropower projects, and clearly highlights that they nearly all are or would be installed across
rivers that are ultimately connected to glaciers located in the northern half of Nepal. The density
of projects seems much higher to the east, while there are almost none in the Terai belt to the
south.
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