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Abstract14

Renewable energies, such as solar and wind energy, play a critical role in achieving rapid decarbonization15

to limit global warming by replacing fossil energy. However, lack of knowledge on renewable energy16

potentials in developing countries is a barrier in making adequate policies to promote these energies.17

Thus, we have carried out a spatial and economic analysis of solar and wind energy potential at the18

provincial level for the first time in Nepal. Our analysis is built upon the spatial energy modeling19

based on technical, geographical, and economic suitability criteria, utilizing open-source geographical20

information system platforms. A significant amount of renewable energy could be harnessed in Nepal,21

i.e., up to about 47,628 MW and 1,686 MW from solar and wind energy, respectively. Similarly, Nepal22

has a co-location potential of about 890 and 267 MW of solar and wind energy. Karnali and Gandaki23

provinces have the highest solar and wind energy potential due to a large share of suitable locations24

with good resource quality. We estimate the 10th percentile of Levelized cost of electricity generation25

of 91 USD/MWh for solar and 46 USD/MWh for wind. Our findings are helpful for the formulation of26

resource-specific policies of Nepal at a sub-national level.27

Keywords: Solar Energy; Wind Energy; Development Phases; Spatial Analysis; Economic28

Analysis; Nepal29

1. Introduction30

Limiting global warming well below 2 ◦C requires rapid decarbonization towards net-zero greenhouse31

gas (GHG) emissions by 2050 [1]. Renewable energies play a critical role in achieving rapid decarboniza-32

tion by replacing fossil energy. Globally, renewable energies, such as solar and wind energy, are rapidly33

growing due to their limited environmental impacts compared to fossil energies [2]. Solar and wind en-34

ergy systems (also referred to as solar and wind power plants) work in stand-alone or in grid connections35

[3], and are applicable in both rural and urban areas. Hence, several studies have investigated solar and36

wind energy potential at local [4, 5], national [6], regional [7], and global scales [8].37
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With declining installation costs, developing countries are expected to leapfrog directly to solar and38

wind energy [9]. An increasing number of studies are investigating the leapfrogging potential of de-39

veloping countries. For example, Shiraishi and colleagues [10] highlighted solar energy potential for40

Bangladesh, accounting for roof-top solar energy systems in commercial and residential areas, with min-41

imal conflicts in the agriculture sector. For India, Deshmukh and colleagues [11] reported an abundant42

but unevenly distributed solar and wind energy potential, with co-located solar and wind power plants43

meeting a third of the country’s energy demand by 2030. At the local level, the study by Sadeghi and44

Karimi [12] identified suitable locations for solar and wind power plants in Tehran so that a stable en-45

ergy supply could be ensured. Gerbo and colleagues reported solar power plants installed and generation46

capacity in the East Shewa Zone of Ethiopia by identifying suitable locations for grid-connected solar47

energy systems [13]. However, few studies have investigated the solar and wind energy potential for48

Nepal. These studies have mainly focused on the theoretical national potential, without considering the49

geophysical and sub-national variation in the country [14, 15, 16]. Additionally, a study on the overall50

economic feasibility of solar and wind energy in the country is also missing.51

In developing countries like Nepal, where around 80% of the population still lives in rural areas [17]52

with scattered settlements [18], solar and wind energy can become significant contributors to the coun-53

try’s energy mix to ensure energy security. Stand-alone energy systems play an essential role in providing54

clean energy to all, as envisioned by Sustainable Development Goals (SDGs), i.e., leaving no one behind.55

Additionally, prioritizing rural populations for clean energy can also leverage the achievements of SDGs56

as a whole [19], which is considered a system of interacting components rather than just a collection of57

goals, targets, and indicators [20]. Simultaneously, the promotion of renewable energy also has overall58

positive effects on the water-energy-food security nexus [21].59

Nepal’s energy mix is still dominated by traditional biomass. For example, 74% of the total primary60

energy supply in 2017 (564 petajoules) came from biofuels [22]. Fossil energies, mainly coal and oil, also61

substantially contribute to Nepal’s energy mix (i.e., 23%). Only a tiny share (i.e., 3%) of the energy mix62

comes from modern renewable sources, mainly hydropower. The contribution of solar and wind energy63

is negligible in Nepal’s energy mix, although these renewable energies were introduced in the early 1970s.64

Thus, there is also a need to understand the different development phases of solar and wind energy in65

Nepal to formulate required plans and policies for accelerating these renewable energies’ adoption. So66

far, this understanding is lacking.67

In terms of clean energy, hydropower provides around 93% of Nepal’s electricity production of 1,14268

MW in 2018, mainly from large hydro-plants [23]. In the same year, only 2% of the electricity came from69

solar energy. Nepal’s electricity demand could grow by 6–12 times between 2015 and 2030 under different70

economic growth scenarios [24]. This growth in electricity demand also considers the substitution of fossil71

energy use across the industry, transport, household, and service sectors. To meet such a rapidly growing72

electricity demand, Nepal has focused on using its large hydropower capacity. However, hydroelectricity73

energy production, especially from the peaking run of rivers, is affected by seasonal variation of water74

flow. Nepal has the potential to produce 79,704 MW of hydroelectricity, generating an average of 569,96475

gigawatt-hours (GWh) of energy per year [25]. In additional to hydropower, solar and wind energy can76

also contribute to meeting the rapidly growing electricity demand, mainly by providing an optimum77

energy mix for a stable supply.78
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Our study aims to fill the above-highlighted knowledge gaps in Nepal’s solar energy and wind energy79

potential. In it, we focus on understanding the different development phases of solar and wind energy80

in the country. This study advances the existing studies by estimating Nepal’s solar and wind energy81

potential at a sub-national level. For this, we identify suitable locations for installing solar and wind82

power plants in Nepal considering geophysical factors, namely land-use and land cover, altitude, and83

slope. For each suitable location, we estimate the installed and annual generation capacity of the84

power plants. In terms of solar plants, our study focuses on solar photovoltaic (PV) systems because85

concentrated solar thermal plants are only suitable in the tropics. Additionally, we investigate the86

economic feasibility of the power plants. Thus, our approach goes beyond the existing studies that87

largely focused on estimating theoretical renewable energy potential at the national level. Our findings88

are helpful for the formulation of renewable energy plans and policies of the Government of Nepal at89

the national and sub-national levels.90

2. Data and Method91

To fulfill the aim of our research, we carry out both literature and spatial analysis. Our spatial92

analysis is based on various open access data (Table S1), adopting the method from Wu and colleagues93

[26] (Figure S1). We follow this method based on remotely sensed datasets because of the unavailability94

of ground-based meteorological station data for the whole country. With the availability of several data95

processing tools, geographical information system (GIS) based energy assessments have been adapted in96

several developed and developing countries. Since our data are provided in different spatial resolutions97

and projection systems, we resample and reproject all data into 30 m grid size with a Transverse98

Mercator Projection system. For resampling, the nearest neighbor interpolation sampling method is99

used because of its lower level of complexity. The nearest neighbor interpolation uses pixel replication100

as an up-sampling algorithm (i.e., to increase grids of an image) based on the nearby pixel value [27].101

We use open-source Python GIS and QGIS Software [28] with grass GIS [29] and Python programming102

language for the spatial analysis. The sub-sections below elaborate on the data and method used for103

our literature and spatial analyses.104

2.1. Literature Analysis105

We conduct a comprehensive literature analysis to understand the development phases of solar and106

wind energy in Nepal. Since there is limited peer-reviewed literature on this topic, our analysis mainly107

focuses on the grey literature. We identify this literature by screening the existing data and reports.108

Initially, we gathered information on the first solar and wind power plants established in Nepal. Then,109

we figure out the key institutions involved in this sector and their establishment years. Afterwards,110

we search and collect the related plans and policies of the Government of Nepal. We also look for111

implemented solar and wind energy projects initiated by private, government, and non-governmental112

organizations. After analyzing the available literature, we categorize the development of solar and wind113

energy into four phases.114

3



2.2. Suitable locations115

We identify suitable locations for solar and wind power plants based on the land-use and land cover116

map of Nepal [30] (Figure S2). This map is available at a resolution of 30 m in a Transverse Mercator117

Projection system. The land-use and land covers are divided into 12 classes. We consider grasslands,118

barren lands, and shrublands as suitable locations for the power plants among these classes. In addition119

to these land-uses, we also count for built-up areas as suitable locations for solar PV systems.120

The slope of a location plays a crucial role in determining accessibility for the installation and121

maintenance of the power plants. In Nepal, where most surface areas are hilly and mountainous regions,122

steep slopes could be a bottleneck for installation and maintenance. Therefore, we generate a slope map123

of the country by using the Digital Elevation Model provided by NASA Shuttle Radar Topographic124

Mission in 90 m resolution [31] (Figure S3). Based on Charabi and colleagues [32], we take a location125

with a slope equal to or less than 24◦ as a suitable one. This consideration excludes the highly sloppy126

regions with a lot of difficulties in plant installation.127

Similarly, the performance and efficiency of solar PV systems depend on the tilt angle and direction128

in which it is faced [33]. Generally, south-facing is best suited in Nepal as it is located in Northern129

hemisphere. Therefore, we also apply the criteria of south-facing (i.e., aspect degree from 112.5◦ to130

247.5◦) to narrow down suitable locations, with the exception of built-up areas (Figure S4).131

For wind power plants, the slope of a location drastically affects the wind flow characteristics and132

their installed and generation capacities. For steeper slopes, the mean wind velocity reduces to a more133

considerable extent [34] due to turbulence in the rough surface [35]. Thus, we use a slope threshold of134

20% (i.e., around 12◦) to identify suitable locations for wind power plants by taking an average from135

the literature that suggests a slope threshold between 10% [36] and 30% [37] (Figure S5).136

Around 6,000 rivers and five major river systems crisscross the country and drain into the Ganges137

River [38]. The appropriate buffer distance from the river has to be kept for the power plants for safety138

and environmental regulation purposes. Therefore, we further narrow down the suitable locations by139

considering the buffer distance of 100 m [39] and 500 m [40] for solar and wind power plants, respectively.140

For this, we use the inland water data on rivers provided by the ICIMOD (Figure S6). This data has141

been created using the topographic zonal map published by the Department of Survey Nepal [41]. In142

Nepal, land with an elevation of more than of more than 4,000 m is covered with permanent snow and is143

currently difficult to access. Thus, we did not consider such locations suitable for solar and wind power144

plant installation.145

2.3. Estimation of Solar Energy Potential146

We use the solar resource map provided by Solargis [42] to estimate the solar energy potential of147

the identified suitable locations (Section 2.2). This map consists of information on solar PV potential148

based on global horizontal irradiance (GHI) at a resolution of 250 m globally (Figure S7). We use149

GHI as the primary data instead of the other data such as Global Tilt Irradiance data, following150

similar previous studies for developing and developed countries. The regions with GHI between 4.1151

and 6.8 kWh/(m2 · day) are highly recommended locations for solar power plants [43]. Therefore, we152

narrow down the identified suitable locations by considering the locations with GHI of more than 4.1153

kWh/(m2 · day) for our further analysis.154
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We estimate the installed capacity of solar PV systems in suitable locations by multiplying their155

surface area with land-use efficiency and land-use discount factor (two scenarios). We consider the land-156

use efficiency of 30 MW/km2 based on the study by Ong and colleagues [44]. The land-use discount157

factor refers to the share of land that would not be utilized in the actual plant construction due to158

technical (e.g., solar PV spread), financial (e.g., limited budget), environmental (e.g., habitat of rare159

species), or social (e.g., land ownership conflicts) considerations. We assume two scenarios of the land-160

use discount factor, i.e., no or zero discount factor and 75% discount factor as optimistic and pessimistic161

estimates, respectively [11].162

We calculate the total annual energy generation capacity in suitable locations based on an average163

capacity factor (CF). Here, we assume that all solar PV systems are south-facing fixed-tilt systems, with164

their tilt equal to the location’s latitude. The CF depends on the solar irradiance on the tilted surface165

of PV panels, which depends on the GHI and the location’s latitude. We establish a statistical model166

between annual GHI [in kWh/(m2 · day)] and CF for different locations of Nepal (Figure S8), accounting167

for the system loss. For this, we randomly select 200 locations that would cover latitudes across the168

country. The annual average CFs for those locations are estimated based on solar meteorological data,169

namely, global horizontal, direct normal, and diffuse horizontal irradiance, from the National Solar170

Radiation Database, using NREL PVWatts calculator [45, 46]. We use a system loss of 14%, considering171

a module efficiency of 16% [47], the typical alternating current performance ratio of 88% [48], and an172

outage rate of 2% to determine the CF in the simulation. We then estimate CF for the suitable locations173

using the statistical model. We have applied the above-described procedure for the suitable locations of174

all land-use and land cover classes, with the exception of built-up areas.175

We also narrow down the suitable locations for built-up areas by considering an average GHI level of176

more than 4.1 kWh/(m2 · day). As the grid size of the data is 30 m × 30 m, we only analyze built-up177

areas with the surface area greater than or equal to 900 m2. We use equation 1 to estimate the installed178

capacity of PV systems in the built-up areas.179

Installed Capacity = A × Pd ×Ra ×BFAr × PV Ar (MW ) (1)

In equation 1, A is the total built-up areas in km2. Pd is the average power density of the rooftop180

solar PV system. We assume Pd as 150 W/m2 considering that the smallest practical residential solar181

PV system can exhibit a tangible energy production of 1.5 kW [49, 50]. This system requires an area of182

approximately 10 m2 [49]. All the buildings or houses are not compatible with rooftop solar PV systems183

because they need a strong foundation and roof for installation. In Nepal, 28.26% of the total buildings184

or houses are roofed with galvanized sheets, followed by tiles or slates (26.68%), reinforced concrete185

cement (22.48%), and thatched or straw roofs (19.03%) [51]. The majority of buildings or houses is for186

residential purposes. Hence, we consider the roof available factor (Ra) as a share of buildings or houses187

with solid foundations and roofs for the solar PV system. We consider Ra as 0.507, assuming that the188

galvanized and reinforced concrete cement roofs will provide adequate strength and foundation for the189

rooftop solar PV system.190

The building footprint area ratio (BFAr) refers to the ratio of the building rooftop area and the191

total area of the building plot. The built-up areas consist of different types of infrastructure, where192
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residential and commercial buildings have a large share. Therefore, we consider BFAr value of 0.5 taking193

the average infrastructure-wide BFA ratio as suggested by Singh and colleagues [52]. Additionally, the194

complete rooftop area cannot be used to install solar PV systems due to several factors such as shading195

and rooftops used for other purposes. For considering these factors, we use the PV availability ratio196

(PV Ar) of 0.4 based on Gutschner and colleagues [53].197

We estimate the annual generation capacity of the rooftop solar PV systems based on an average198

CF. Similar to other land-use and land cover classes, we determine the CF for the suitable locations by199

using the statistical model presented in (Figure S8).200

2.4. Estimation of Wind Potential201

We narrow the identified suitable locations for wind energy by considering a threshold for minimum202

wind power density (Figure S9). For this, we use data on wind power density at 50 m above ground203

level at a 250 m resolution provided by the global wind atlas [54]. We consider a minimum wind power204

density of 105 W/m2 as the threshold. This threshold is based on a study investigating wind resources205

at 16 different sites in Nepal [55].206

We estimate the installed capacity for wind power by considering land-use efficiency, land-use discount207

factor (two scenarios), and the area of suitable locations that met the threshold criteria. This study208

applies a land-use efficiency of 9 MW/km2 based on existing literature [11, 56]. Like solar energy, the209

two scenarios are no or zero discount factor as the optimistic potential estimate and a 75% discount210

factor as a pessimistic potential estimate [11].211

For estimating the annual generation capacity, we use the installed capacity and the CF of the212

suitable locations. The CF for the particular location has been obtained using the data developed by213

Global Wind Atlas (Figure S10). The CF data has been generated for wind turbines (International214

Electrotechnical Commission wind class III) of 4.5 MW that at a hub height of 100 m, accounting for215

the air density [54]. These turbines are designed for locations having an annual average wind velocity216

of 7.5 m/s [57].217

2.5. Project Opportunity Areas218

We group the identified adjacent and connected suitable locations for solar and wind power plants219

into a single area called “Project Opportunity Areas (POAs)” for further analysis. We merge these220

adjacent and connected raster cells into a single feature polygon. These POAs represent an appropriate221

minimum area of 900 m2 for the installation of utility and commercial-scale solar and wind power plants.222

We characterize POAs based on different criteria (i.e., elevation, road distance, substation distance,223

and installed capacity) for estimating their annual electricity generation capacities and cost. We also224

investigate the co-location potential of solar and wind energy by overlapping POAs for solar and wind225

power plants. These locations would be suitable for installing solar-wind hybrid energy systems.226

2.6. Cost Analysis227

We calculate the cost of solar and wind power plants in each POAs based on the Levelized cost228

of electricity (LCOE) to understand their economic feasibility. Our LCOE estimates consider the cap-229

ital cost of power generation (Ic), annual cost of operation and maintenance of power plants (Ogc),230
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capital cost of transmission lines (Tc), substations (Sc), and road construction (Rc), annual discount231

rate (i), and lifetime of power plants (n) (Table 1). These estimates are based on equations 2– 5.232

The total LCOE consists of LCOE for power generation (i.e., LCOEgeneration), transmission lines (i.e.,233

LCOEinterconnection), and road construction (i.e., LCOEroad). We assume that one road will be built234

for every 70 MW capacity power plant, a reasonable size commercial-scale solar PV system. The sub-235

station cost is considered for both power generation and grid side, accounting for the distance between236

the power plant and substation (ds) and the nearest road (dr). We calculate the distance between the237

center of POAs and the nearest substations of voltage level greater than or equal to 132 kV (under con-238

struction and existing) to determine the total cost for the interconnection. Similarly, our estimate also239

considers the minimum distance between POAs and the road network to calculate the cost for the road240

construction. For this, we use data on existing, under construction, or planned roads and substations241

from various sources [58, 59] (Figure S11, Figure S12).242

LCOEgeneration =
Ic × id + Ogc

8760 × CF
(2)

LCOEinterconnection =
(Tc × ds + Sc) × id

CF × 8760
(3)

LCOEroad =
(Rc × dr) × id
CF × 8760 × 70

(4)

id =
i(1 + i)n

(1 + i)n − 1
(5)

Based on the estimated LCOE, we generated supply curves to analyze the amount of solar or wind243

energy that would be available at or below a given cost. Following the method of Kline and colleagues244

[60], supply curves are developed by plotting the cumulative generation capacity of POAs sorted based245

on their LCOE. We plot these curves for solar and wind energy, considering LCOE for power generation246

(i.e., LCOEgeneration) and the total LCOE separately. This seperation is because solar and wind power247

plants can be stand-alone or connected to the national grid. Since the required policies to promote248

solar energy systems can vary for built-up areas and other land-use and land cover classes, we generate249

different supply curves accordingly.250
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Table 1: Parameters used to calculate the Levelized cost of electricity. These parameters con-

sist of the capital cost of power generation (Generation Capital), the annual cost of operation

and maintenance of power plants (Annual Generation Fixed O & M), the capital cost of trans-

mission lines (Transmission interconnection Capital), substations (Substation Capital), and road

construction (Road capital), annual discount rate (Economic Discount Rate), and a lifetime of

power plants (Lifetime years).

Parameters Solar Wind

Generation Capital [USD/kW] (Ic) 1,210a 1,200a

Annual Generation Fixed O & M [USD/kW] (Ogc) 10b 15b

Transmission interconnection Capital [USD/MW/km] (Tc) 450c 450c

Substation Capital [USD/MW] (Sc) 70,000c 70,000c

Road capital [USD/km] (Rc) 60,000d 60,000d

Economic Discount Rate (i) 10%p 10%e

Lifetime years (n) 25q 25f

a Renewable power generation costs in 2018 [61]

b Renewable power generation costs in 2017 [62]

c Average of 132 kV, 220 kV, and 400 kV transmission line and substation costs

[63, 11]

d Design and Appraisal of Rural Transport Infrastructure i.e.,Construction and

Gravelling (average cost per km) [64]

e Macroeconomics Indicators of Nepal [65]

f Terms and condition for Tariff determination from Renewable Energy Source

Regulations [66]

As shown in equations 2–4, the LCOE depends on several parameters. Hence, we conduct a sensitiv-251

ity analysis to understand the dependency of LCOE on these parameters. Particularly, our sensitivity252

analysis considers a set of hypothetical optimistic and pessimistic values of these parameters, includ-253

ing other technical (i.e., maximum and minimum CF) and geographical factors (i.e., distance to the254

nearest road and substation). Table S2 provides details on these hypothetical values. For each of these255

parameters and factors, we estimate LCOE by changing its value to the hypothetical optimistic and256

pessimistic ones while keeping the values of other parameters and factors described above. The varia-257

tion of parameters that results in an increment of the total LCOE compared to the reference values is258

considered the worst case. Similarly, the results with decrements of the total LCOE are considered as259

an optimistic case. We estimate the reference values based on parameter values in table 1, an average260

road and transmission distance of both cases, and a capacity factor of 15 % (solar energy) and 30 %261

(wind energy).262

2.7. Estimating potential at national and sub-nation scale263

Nepal’s 2015 Constitution has replaced a unitary government with a federal system consisting of264

seven provinces. With the implementation of federalism, the formulation of plans and policies of the265

energy sector on the provincial level is becoming a crucial issue for Nepal’s sustainable development. As266
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the country has been geographically diverse, the potential of different energy resources varies across the267

provinces. Therefore, to provide a foundation of renewable energy development at a sub-national level,268

we estimate solar and wind energy potential on the provincial and national levels.269

About 23 % of Nepal is designated as protected areas [67], where limited human activities are270

permitted. Thus, we estimate installed and annual generation capacities of solar and wind power plants271

in those areas separately. For this, we used the data on protected and reserved areas from the IUCN272

and UNEP [68] (Figure S13). However, we do not exclude those areas while estimating the installed273

and generation capacities on national and province levels. We determined the potential in the protected274

areas, also considering their buffer zones.275

3. Results276

3.1. Solar and wind energy development timeline277

We categorize Nepal’s solar and wind energy development into four phases: Introductory phase (1974-278

1996), Institutional setup (1996-2000), Home system development (2000-2017), and Upscaling (2017 -279

onward) (Figure 1).280

Introductory phase: The introductory phase started when the first solar PV system was intro-281

duced by Nepal Telecommunication Center in 1974 to operate its communication transceiver located in282

Damauli, Tanahun district [69]. The first wind power plant was installed in 1987 with 20 kW capacity283

in Kagbeni in upper Mustang district [70]. In 1988, Nepal Electricity Authority initiated three decen-284

tralized electricity supplies from solar PV systems in Simikot, Tatopani, and Gumdadhi with 50, 30,285

and 50 kW, respectively began operation in 1989 [69]. To deliver electricity in rural areas, the first solar286

home program to electrify a village began in 1994 in Pulimarang village in Tanahun district with solar287

PV systems in 64 households [71].288

Institutional setup phase: This phase started in 1996 after the formation of the Alternative289

Energy Promotion Center (AEPC), an independent institution to promote renewable energy in Nepal290

[72]. The establishment of this center stimulated various other renewable energy-related institutions in291

the country, both in the public and private sectors. In 1999, the Center for Energy Studies (CES) was292

established in the Institute of Engineering, Tribhuvan University, to train and produce highly qualified293

renewable energy experts [73]. An association of solar electric manufacturing and trading companies294

was registered in 2000 [74].295
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NTC introduced Solar PV at Damauli

1st wind turbine at Kagbeni

Centralized solar PV by NEA
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RE subsidy policy

Subsidy began on SHS
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Pulimarang

AEPC established
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RE subsidy policy

Issuance of NEPQA

1st solar-wind hybrid at Dhaubadi

1st ongrid utility scale solar PV at Sundarighat

National Energy Efficiency Strategy

Solar net-metering guidelines

1st commercial solar PV

Urban Solar Programme

15

Guidelines for Development of AE 

Connected to Grid

Figure 1: Solar and wind energy development timeline of Nepal, which has been categorized into four phases: introductory

(1974-1996), institutional setup (1996-2000), home system development (2000 - 2018) and upscaling phase (2018-onward).

Abbreviations used in the figure are – NTC (Nepal Telecommunications Center), PV (Photovoltaic), NEA (Nepal Elec-

tricity Authority), SHS (Solar Home Systems), AEPC (Alternative Energy Promotion Center), CES (Center for Energy

Studies), SEMEN (Solar Electric Manufacturers Association Nepal), RE (Renewable Energy), NEPQA (Nepal Photovoltaic

Quality Assurance), SWERA (Solar and Wind Energy Resource Assessment), and AE (Alternative Energy).

Research & development phase: This phase was started after the government formulated and296

launched programs and guidelines on renewable energy to provide electricity, mainly in rural areas.297

The first renewable energy subsidy policy was launched in 2000, updated in 2016 together with the298

renewable energy subsidy development mechanism. The technical standard for solar PV systems, called299

Nepal Photovoltaic Quality Assurance, was also developed and adopted in 2000 to disseminate Solar300

Home Systems (SHS). This standard has been revised periodically (i.e., in 2002, 2005, 2009, 2013, and301

2015) [75]. The trend of SHS installation shows a steep rise after 2000 due to these policies and subsidies302

provided by the Alternative Energy Promotion Center through the Energy Sector Assistance Program303

[76]. The country has faced load shedding up to 16 hrs a day in the dry season during this phase [77, 78].304

Hence, the government also formulated policies to encourage SHS in urban areas to address load shedding305

problems [79], which also promoted SHS in Nepali cities. In 2008, the first solar and wind energy resource306

assessment was conducted in Nepal, providing estimates of its renewable energy potential [14]. In 2017,307

the National Renewable Energy framework, National Energy Efficiency Strategy, and Solar net-metering308

guidelines were developed. Formulation of the Solar net-metering guidelines opened the door to add the309

extra generated electricity from SHS to the national grid.310

Upscaling phase: Realising the need and importance of grid-connected renewable energy, the gov-311

ernment formulated the guidelines in 2018, which opened the door for commercial electricity generation312

from solar, wind, and biogas. As a result, several projects have been developed for installing solar power313

plants in Nepal. So far, 14 projects received a license to construct the solar plants in different parts of314

the country, with a total installed capacity of 84.5 MW [80]. Similarly, 31 projects received a license315

to survey the potential installation locations of solar power plants, with a total installed capacity of316

377.6 MW [80]. In June 2020, Nepal’s first commercial solar power plant (25 MW, near Devighat hy-317

dropower stations) started producing electricity, connecting 1.25 MW in the grid, with construction still318
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in progress [81, 82]. Similarly, another 8.5 MW of electricity was added to the national grid in October319

2020 by the private sector-run Butwal Solar Power Project, located in Rupandehi [83].320

3.2. Solar and wind energy potential321

Out of the total area of Nepal (1,47,523 km2), grasslands, built-up areas, barren lands, and shrublands322

cover about 15,353 km2, 544 km2, 12,643 km2, and 3,428 km2, respectively (Table S3). These land-use323

and land cover classes share about 21% of the country’s area, which are considered suitable locations324

for solar and wind power plants. Karnali province has the highest area of these land-use and land cover325

classes at a sub-national level, with a share of 43% of the total provincial area. This province has the326

largest area of grassland and barren land that is suitable for installing solar and wind power plants.327

Province 2 has the lowest area of these land-use and land cover classes, which is only about 8% of the328

total provincial area. This province lies in the lowland region, where agriculture is the dominant land-use329

and land cover class. Additionally, this province also has a large number of intermittent rivers. Thus,330

suitable locations for solar and wind power plants are limited in this province due to the required buffer331

distance to the rivers.332

3.2.1. Solar energy potential333

Nepal has a total annual solar energy generation capacity of 57,519 GWh with a total installed334

capacity of 47,628 MW, considering the land-use discount factor of zero (Table 2). This potential is335

about 7.4 times the total energy available in the national grid in 2020 (i.e., about 7,741 GWh) [81].336

Nepal’s major solar energy potential is located in the northern Transhimalayan and hilly regions (Figure337

Figure 2 top) because of the availability of high solar insolation. Nepal has about 250 km2 of suitable338

locations for solar power plants, which have a CF greater than 15%, i.e., the average CF required339

for utility and commercial-scale solar power plants, and an average daily GHI larger than 5 kWh/m2.340

Thus, in terms of utility and commercial-scale solar power plants, Nepal’s annual solar energy generation341

capacity is limited to 11,558 GWh, considering the land-use discount factor of zero, which is the only342

20% of the total capacity.343

Nepal’s solar energy potential varies across its provinces both in terms of generation and installed344

capacities (Table 2 and Figure 2 top). Gandaki province has the largest solar energy generation capacity,345

but the largest installed capacity is in Karnali province. We observe this variation because the average346

CF of Gandaki province is larger than that of Karnali province due to relatively higher global horizontal347

irradiance (Figure S7). Bagmati Province has the lowest solar energy generation and installed capacities348

because of relatively low resource quality (i.e., a low CF) and steeper slopes, narrowing down the349

suitable locations. Interestingly, although Province 2 has the lowest area of land-use and land cover350

classes suitable for solar and wind power plants, it has the third-highest solar energy generation and351

installed capacities. This province has the majority of suitable locations with a low slope, low altitude,352

and south-facing.353
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Table 2: Solar energy potential in Nepal’s seven provinces in terms of annual generation and installed capacities, together

with area of the suitable locations. The estimated solar energy potential is presented for two scenarios: zero and 75 % land-

use discount factor, taking 30 MW/km2 land-use efficiency. Co-location potential refers to wind energy installed capacity

in the suitable locations for the solar power plants, considering zero land-use discount factor with land-use efficiency of 9

MW/km2.

Provinces
Area

(km2)

Zero land-use discount factor 75% land-use discount factor Co-location potential

with wind energy

(MW)

Generation Capacity

(1000 MWh)

Installed Capacity

(MW)

Generation Capacity

(1000 MWh)

Installed Capacity

(MW)

Province 1 200.7 6,647 6,195 1,662 1,549 18

Province 2 254.9 8,894 7,817 2,223 1,954 4

Bagmati 121.8 4,100 3,706 1,025 926 6

Gandaki 263.4 11,321 7,960 2,830 1,990 137

Province 5 243.2 8,839 7,338 2,210 1,834 20

Karnali 287.4 10,660 8,661 2,665 2,165 61

Sudurpashim 191.6 7,059 5,952 1,765 1,488 20

Total 1,563.3 57,519 47,628 14,380 11,907 267

Nepal has the built-up areas of 543 km2 (Table S3). However, only about 10% of this area is suitable354

for rooftop solar PV systems, resulting in a total installed capacity of about 8,100 MW. We estimate355

the total annual solar energy generation capacity of about 9,600 GWh in the country. At a sub-national356

level, the potential for rooftop solar PV systems varies across the provinces (Figure S14). Bagmati357

province has the highest generation capacity because around 40% of Nepal’s built-up areas is located in358

this province. Moreover, Bagmati province also has the highest population density in the country, with359

a total population of around 5 million people [84]. Due to the lowest share of built-up areas, Karnali360

Province has the lowest potential for rooftop solar PV systems.361
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Figure 2: Spatial distribution of solar (top) and wind (bottom) energy potential in seven provinces of Nepal in installed

capacities. Only locations with minimum installed capacities of 0.03 MW and 0.01 MW for solar and wind energy are

plotted. These installed capacities are based on zero land-use discount factor with land efficiency of 30 MW/km2 for solar

and 9 MW/km2 for wind. For solar and wind energy, suitable locations with a high energy potential are observed in

the northern part of Gandaki province, while southern lowland regions have relatively low potential. Bagmati province

contains the most concentrated built-up areas.

3.2.2. Wind energy potential362

Nepal’s wind energy potential is lower than its solar energy potential. The country has a total annual363

wind energy generation capacity of 3,788 GWh with a total installed capacity of 1,686 MW, considering364

the land-use discount factor of zero (Table 3). Nepal has about 145 km2 of suitable locations for wind365

power plants. About 55 km2 of these locations has a wind power density of more than 300 W/m2. These366

locations with a high wind power density mostly lie in the northern hilly region of the country (Figure367

S9). Similarly, around 50 km2 of suitable locations have a CF of more than 30% that is required for368

utility and commercial-scale wind power plants.369

Nepal’s wind energy potential also varies across its provinces, with a large share of the potential370
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concentrated in Gandaki province (Table 3 and Figure 2 bottom). This province has a majority of371

locations with CF greater than 30%, although several locations with suitable land-use and land cover372

classes need to be narrowed due to their elevation of greater than 4000 m. Gandaki and Karnali373

provinces possess about 80% of the country’s wind energy potential. These provinces consist of places374

(e.g., Manang, Mustang, and Tansen) with a high wind power density (i.e., greater than 105 W/m2)375

(Figure S9). Additionally, they have locations with relatively high wind speeds with altitudes below376

4,000 m and an appropriate slope for wind power plant installation (Figure S5). Because of a low wind377

power density and a low share of suitable locations, Province 2 has the least wind energy potential.378

Table 3: Wind energy potential in Nepal’s seven provinces in terms of annual generation and installed capacities, together

with areas of suitable locations. The estimated wind energy potential is shown for two scenarios: zero and 75% land-use

discount factor, taking 9 MW/km2 land-use efficiency. Co-location potential refers to solar energy installed capacity in

the suitable locations for the wind power plants, considering zero land-use discount factor with land-use efficiency of 30

MW/km2.

Provinces
Area

(km2)

Zero land-use discount factor 75% land-use discount factor Co-location potential

with solar

(MW)

Generation Capacity

(1000 MWh)

Installed Capacity

(MW)

Generation Capacity

(1000 MWh)

Installed Capacity

(MW)

Province 1 11.9 163 109 41 27 59

Province 2 0.7 13 7 3 2 13

Bagmati 2.5 28 24 7 6 21

Gandaki 91.0 2,945 1,137 736 284 458

Province 5 5.7 91 54 23 14 68

Karnali 21.9 380 245 95 61 203

Sudurpashim 10.8 168 111 42 28 68

Total 144.5 3,788 1,686 947 422 890

3.3. Project opportunity areas (POAs)379

We identify about 6,600 POAs for solar that have a CF greater than 15 % and 990 POAs for wind380

power plants with a CF greater than 30 % across the country. For solar energy, the largest POA has381

an area of 15.1 km2. 12.2 km2 is the largest area of the POAs for wind energy. Considering a land-use382

discount factor of zero, only about 10% of the POAs would accommodate solar power plants of an383

installed capacity greater than 1 MW. Among these POAs, only 980 POAs have a CF greater than 15384

%. Similarly, wind power plants of an installed capacity greater than 1 MW could be developed only in385

about 149 POAs, considering the land-use discount factor of zero. Only 66 of these POAs have a CF386

greater than 30 %.387

The POAs are spatially distributed across the country. We characterize each POA based on its388

average elevation, LCOE, installed capacity, and resource quality (i.e., global horizontal irradiance for389

solar energy and wind power density for wind energy) (Figure 3). This characterization shows that most390

POAs lie in higher elevation regions because of better resource quality, increasing the CF and reducing391

LCOE.392
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Figure 3: Characteristics of the project opportunity areas (POAs) concerning resource quality (i.e., global horizontal

irradiance for solar energy and wind power density for wind energy), installed capacity, elevation and total Levelized cost

of electricity (LCOE) of solar energy (top), having capacity factor greater than 15 %, and wind energy (bottom), having

capacity factor greater than 30 %. The bubbles show the sizes of POAs in terms of installed capacity, considering the

land-use discount factor of zero. In the figure, the maximum installed capacity of solar and wind is 454 MW and 94 MW,

respectively.

3.3.1. Distance to roads and substations393

For solar power plants, about 75% of the POAs lie under 20 km distance from the nearest road and394

70% of the POAs under 20 km distance from the nearest substation. Within this distance from both395

infrastructures, about 3,300 GWh of solar energy can be generated annually, considering a land-use396

discount factor of zero. However, most POAs with the CF greater than 15 % are about 53 km far from397

the road and 28 km far the substation networks. Looking at the cumulative installed capacity with398

normalized substation and road distance, we see that most POAs for solar energy are near to or within399

the country’s existing road network (Figure S15). This finding is good news for the development of solar400

power plants in Nepal because installing power plants in the POAs far from roads and substations would401

increase the overall cost.402

For wind power plants, about 44% and 50% of the POAs lie under 20 km distance from the nearest403

road and the nearest substation (Figure S16). Within this distance from both infrastructures, about 175404

GWh of wind energy can be generated annually, considering the land-use discount factor of zero. Most405

POAs with a high resource quality (i.e., a wind power density of greater than 300 W/m2) lie far from406

the road and substations due to Transhimalayan and hilly regions with high resource quality but with407
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poor road and substation networks. Similarly, most POAs having a CF greater than 30 % are around 60408

km and 43 km far from the road and substation networks. This finding shows that wind energy POAs409

are relatively far from the road and substation networks than those for Nepal’s solar energy POAs.410

At sub-national scale, most POAs with a long road distance (i.e., an average distance of solar and411

wind POAs from the nearest road is about 48 km) are in Karnali Province. This province has a poor412

road network that would result in a high cost for installing solar and wind power plants. Interestingly,413

Province 2, located in the lowland region, has the abundant road and substation networks required for414

the power plants, resulting in lower costs compared to other provinces (Figure 15 and Figure 16 ). In415

this province, the average distance of solar energy POAs from the nearest road and substation is only416

about 4 km and 14 km, respectively. Additionally, power plant construction is relatively easy in this417

province due to its flat topography. In the past few years, the construction of several new hydropower418

plants with planned substations has increased the national grid accessibility in many regions across the419

country. This increased accessibility would promote the installation of solar and wind power plants420

across Nepal. For example, Province 1 consists of several planned substations (e.g., Arun substation421

hub, Damak substation, and Inaurwa substation) [85], which provides an optimistic future for on-grid422

solar and wind power plants in the province.423

3.3.2. Protected Areas424

Since about 23% of Nepal’s area is covered with protected areas, a large share of POAs is located in425

these areas and their buffer zones. Specifically, 509 km2 out of 1,563 km2 of solar energy POAs and 93426

km2 out of 144 km2 of wind energy POAs lies in Nepal’s protected areas and their buffer zones. In other427

words, the power plants need to be installed in these locations to harness around 37% and 78% of the428

country’s total solar and wind energy generation capacities. Within the protected areas, the maximum429

solar and wind energy potential is found in the Annapurna Conservation Area, i.e., 11% of the total solar430

and 63% of the total wind energy installed capacities, generating about 8,498 GWh and 2,816 GWh of431

electricity annually. Since specific regulations need to be followed for any infrastructure development in432

the protected areas and their buffer zones, installing solar and wind power plants would be a challenge433

in these locations. Thus, the federal and provincial governments should maintain a delicate balance in434

biodiversity conservation and provision of energy security while developing solar and wind power plants435

in the protected areas and their buffer zones.436

3.3.3. Co-location potential437

About 30 km2 of the POAs are suitable for both solar and wind power plants. The solar and wind438

energy potential of these POAs are also known as co-location potentials. These POAs have a total439

installed capacity of 267 MW and 890 MW of solar and wind energy, respectively (using zero land-use440

discount factor). In other words, these locations are suitable for hybrid solar and wind power plants. In441

terms of generation capacity, 1,247 GWh of solar energy and 567 GWh of wind energy can be harnessed442

from these locations annually. These suitable POAs for both solar and wind power plants are mostly443

located in the northern part of Gandaki province as it consists of 50% or 15.27 km2 of these locations.444
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3.3.4. Levelized cost of electricity (LCOE)445

About 10% of the total solar energy POAs generates more than 1,214 GWh of energy per year, which446

has a total LCOE below 120 USD/MWh, considering zero land-use discount factor (Figure 4). For wind447

energy, around 37% of POAs has a total LCOE below 80 USD/MWh, which would generate more than448

2,800 GWh of energy annually (zero land-use discount factor). Interestingly, most POAs with a low449

LCOE are located in the high altitude region as power density increases considerably (Figure 3). Solar450

PV systems seem more expensive than wind power plants in terms of generation capacity because of the451

low CF of solar PV systems compared to wind power plants. For example, about 3,146 GWh of wind452

energy can be generated annually at the total LCOE of 91 USD/MWh and below, near the starting453

LCOE for solar energy. However, the total LCOE for wind energy escalates quickly with minor changes454

in energy generation. Additionally, due to the modular design, less maintenance requirements, and ease455

of installation relative to wind power plants, solar PV systems can be rapidly promoted to meet the456

country’s energy demand. Moreover, rooftop solar PV systems in built-up areas are the most expensive457

option, although their LCOE does not consist of roads and interconnections. This high cost is associated458

with the low CF in the built-up areas, i.e., an average value of 13.6 %. Besides, stand-lone systems in459

built-up areas require storage, which would increase the LCOE further. Both for solar and wind energy,460

a large share of the total LCOE comes from generation costs. The costs for interconnection and roads461

are on average about 8.9 USD/MWh and 8.8 USD/MWh for solar and wind energy, respectively.462
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Figure 4: Supply curves of solar (top) and wind (bottom) energy based on the Levelized cost of electricity generation

(LCOE) and generation capacity of the project opportunity areas (POAs). These curves are developed by plotting the

cumulative generation capacity of POAs sorted based on the total LCOE (blue line) and the LCOE for power generation

(green line) separately. For solar energy, the curve for built-up areas is also plotted (pink line). The estimated 10th and

90th percentile of LCOE are 91–138 USD per MWh for solar energy and 46–86 USD per MWh for wind energy.
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Figure 5: Sensitivity of estimated the Levelized cost of electricity (LCOE) for solar (top) and wind (bottom) energy for

pessimistic and optimistic cases. The pessimistic case shows an increase in the total LCOE compared to the reference

values due to the variation of parameters. Similarly, the optimistic case represent a decrease in the total LCOE. The

reference values of LCOE are 121.46 USD/MWh and 62.21 USD/MWh for solar and wind energy, respectively, which are

based on parameter values in Table 1, an average road and transmission distances of both cases, and the capacity factor

of 15 % (solar energy) and 30 % (wind energy).

Looking at the sensitivity of the total LCOE, our analysis highlighted that it is more sensitive to the463

economic discount rate, generation capital, and the CF than other parameters and factors (Figure 5).464

The discount rate depicts the financial or interest rates available in a region. Hence, changes in the465

interest rates could affect the country’s adoption of solar and wind energy. A low-interest rate would466

make solar and wind power plants cheaper, resulting in promotion on solar and wind energy, and vice467

versa. The generation of capital depends on technological advancements. Therefore, declining generation468

capital costs due to advancements in solar and wind energy technologies would further encourage solar469

and wind power plants.470

Similarly, the CF depends on the resource quality of the location and technology used. A large-471

scale environmental degradation, including climate change, could negatively impact the resource quality,472

reducing the CF, whereas technological advancements could increase it. Therefore, nature conservation,473

including climate change mitigation, would help to promote solar and wind energy by maintaining the474

current resource quality. Interestingly, the total LCOE is less sensitive to the availability of road and475

substation networks. However, these infrastructures would be a bottleneck for solar and wind energy476
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development because of the substantial time required for their construction in developing countries like477

Nepal. Nevertheless, the road and substantiation networks are also promoted by other infrastructure478

development within the country, including hydropower. Thus, the appropriate prioritization of POAs479

based on high resource quality and distance to existing infrastructure would be a starting point for480

installing utility and commercial-scale solar and wind power plants in Nepal.481

4. Discussion482

4.1. Possibility of solar and wind power plants483

Our study highlights that Nepal has an abundant resource of solar energy (i.e., up to 47,628 MW)484

and a relatively lower potential for wind energy (i.e., up to 1,686 MW) compared to that of other485

developing countries (e.g., Bangladesh [10] and India [11]). These estimates are greater than the solar486

and wind energy potentials reported by Windsor and colleagues [14] because of the use of high-resolution487

datasets and our consideration of stand-alone energy systems. They estimated 2100 MW and 489 MW488

for grid-connected solar and wind energy across the country, using low-resolution datasets (i.e., 10 km489

spatial resolution). For solar energy, we estimate that the country’s total annual generation capacity490

of 96,00 GWh is located within its built-up areas, which is similar to the value reported by Gautam491

and colleagues [86]. However, Nepal has only harnessed a small fraction of these resources. Since the492

country’s solar energy potential is about 10% of its hydropower potential [25], the possibility of solar493

PV systems contributing substantially to the national grid cannot be ignored in Nepal’s future energy494

security. Although having a low potential, wind energy also has the advantage of ensuring energy security495

in high altitude rural areas that are not connected to the national grid via stand-alone systems.496

Nepal’s most suitable locations for solar and wind energy lie in Transhimalayan and hilly regions that497

are the least developed and remote areas of the country. Harnessing these resources can be an excellent498

opportunity for these areas for their economic development. However, most of these areas need to tramp499

over through the steep regions with a high geographical gradient, challenging installing power plants,500

transmission lines, and substations, and transporting required equipment. Apart from Transhimalayan501

and hilly regions, the suitable locations in the lowland region mostly lie near the main river and stream502

areas. Although we consider buffer regions to narrow down the suitable locations, these water bodies503

could be a potential risk for power plants, more for solar than wind ones, during the rainy season due504

to flooding.505

4.2. Economics viability for solar and wind energy506

Our findings also provide a basis to understand the economic viability of solar and wind energy, which507

is missing in the existing literature. We present that the cost of solar energy remains almost constant508

for an extensive range of energy generation capacity due to its wide spatial availability. However, solar509

power plants are more expensive than wind power plants due to their relatively low average capacity510

factor. Solar and wind energy systems are currently not cost-competitive with hydropower in Nepal511

due to hydropower’s lower cost. The current power purchasing rate of hydropower in the country is512

about 70 USD/MWh in the dry season [87] with an average LCOE of about 50 USD/MWh in South513

Asia [61]. This LCOE is lower than the estimated 10th and 90th percentile of LCOE for solar energy514
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(91–138 USD/MWh) and wind energy (46–86 USD/MWh) for Nepal. Therefore, appropriate subsidies515

and policies are needed to make solar and wind energy competitive with hydropower.516

Globally, the generation costs of solar and wind energy are declining year by year, i.e., around 90%517

since 2009 in solar PV module and 60% for wind turbines [61]. This decrease in the LCOE has resulted in518

an increase in solar and wind energy installation rates throughout Nepal in recent years. For example,519

1.64 MW of solar energy has been connected to the national grid, and solar power plants of a total520

capacity of 60.5 MW are under construction [81]. The cumulative number of SHS systems promoted521

across the country are 410,430 with a total installed capacity of 9.91 MW [88]. Though no stand-alone522

or grid-connected wind power plant have been installed, wind-solar hybrid systems have generated 563523

kW of electricity in the country [89]. Moreover, the National Planning Commission has the target to524

install 481 solar power plants (1 MW installed capacity) and one wind power plant (0.2 MW installed525

capacity) in the country by 2022 to provide clean energy to remote areas that are not connected to526

the national grid [90]. With technological advances, economies of scale, and market dynamics, the cost527

of solar and wind power plants will continue to decline while the price of solar and wind energy will528

also decrease in the future. These changes will further promote solar and wind energy in the country.529

Nevertheless, the economics of solar and wind generation depends on several factors, including location530

and government policies [91].531

Similarly, the marginal economic value of both wind and solar energy decreases as their share of overall532

energy generation increases [92]. Additionally, renewable energy based on stand-alone or grid-connected533

microgrids and distributed generation could optimize the overall cost of electricity. Moreover, location-534

specific strategies for the energy sector have to be developed and implemented to ensure improved energy535

and economic balance. For instance, wind power plants need to be promoted in locations suitable for536

wind energy. This strategy would promote the efficient use of local resources, increasing employment,537

and improving the life of local people.538

4.3. Infrastructure Development539

Our study also highlights the link between infrastructure development and the promotion of solar540

and wind energy in Nepal. On the one hand, appropriate infrastructure, mainly road and substation541

networks, is needed to encourage solar and wind power plants. On the other hand, the development542

of solar and wind energy in remote locations would also improve infrastructure accessibility, including543

roads, interconnection, and the internet. About 30% of Nepal’s total road length is earthen type [93],544

which is affected during the rainy season. Most of Nepal’s transmission network comprises 132 kV voltage545

level (i.e., 2,819 circuit km), with only 153 circuit km of 400/220 kV lines [94]. The road accessibility546

in higher altitude locations is relatively low and still challenging for route development, especially in547

Karnali Province. Only about half of the rural population in Nepal lives within 2 kilometers of a road in548

good or fair condition [95]. However, the good news is that more than 900 MW of hydropower plants are549

under construction, and more than 2,000 MW has been planned in Nepal [85]. The suitable locations550

for solar and wind power plants in the vicinity of under construction or planned hydropower plants can551

be prioritized. This prioritization would help to develop energy corridors in different locations of the552

country. Furthermore, the energy cost can be reduced as they will share common road and substation553

networks.554
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4.4. Energy Planning555

Our findings also contribute to sound energy planning in Nepal, promoting an optimum energy mix.556

Currently, hydropower contributes most of Nepal’s electricity. However, electricity generation fluctuates557

seasonally because most power plants are of the Run-Of-River and Peaking Run-Of-River types, causing558

severe power shortages during winter [96]. The county is still relying on 240 MW to 550 MW of imported559

electricity to meet its demand [81]. Therefore, sound strategies for an appropriate energy mix have to560

be followed for a better, reliable, and more stable supply of electricity in the country. For example,561

commercial solar power plants can be a solution because they can be constructed in a shorter time than562

hydropower plants. Additionally, the seasonal fluctuation of solar and wind energy in potential sites is563

relatively low in Nepal. The average seasonal fluctuation in wind speed (which defines the power) for564

some of the suitable locations of Nepal like Jumla, Kagbeni, Nagarkot and so on is not more than ±30%565

[55]. Similarly, the average solar power fluctuation is not more than 33% in different suitable locations566

in the country [97, 98]. Additionally, major rural areas of the country can be electrified without a direct567

connection to the national grid by realizing solar and wind energy-based micro-grids.568

While considering solar and wind energy, the requirement of energy storage for integrating solar and569

wind power plants into the country’s energy planning cannot be ignored, mainly for stand-alone systems.570

Energy storage systems provide regulation and reserve capacity, and hence, alleviate the negative impacts571

of solar and wind energy because of their diurnal patterns [99]. In the national grid, the operation of572

major hydro projects (Peaking Run-Of-River and storage) can be synchronized with the diurnal patterns573

of solar and wind energy to ensure a stable electricity supply.574

In the context of cities and urban areas, solar energy potential in the built-up areas can be utilized575

to supply electricity to houses and provide surplus electricity to the national grid. With the declining576

cost of rooftop solar PV systems, the increasing cost of fossil fuel, and promoting policies such as577

solar net-meeting, solar PV systems could be an excellent alternative to conventional energy sources578

for households. Commercial small-scale PV systems in urban areas reduce the stress on the grid and579

convert households from electricity consumers to producers.580

4.5. Policy Implications581

Our study also contributes to developing sound policies for the promotion of solar and wind energy582

in Nepal. Our solar and wind energy development timeline shows that Nepal’s policies mainly focus on583

small-scale solar and wind energy systems over the last few decades. These policies need to be updated584

to wider solar and wind energy adoption in the country at a utility and commercial scale. However, the585

lack of adequate information on the spatial and economical distribution of renewable energy resources in586

developing countries is a barrier to policymaking. Our study provides new insights into Nepal’s spatial587

distribution and economics of solar and wind energy to overcome this barrier. Based on our findings,588

several policies to balance energy accessibility and energy economy can be formulated.589

First, Nepal needs to develop adequate plans and policies to utilize its solar and wind energy based on590

utility and commercial-scale power plants, going beyond small-scale systems. However, these plans and591

policies can vary sub-nationally based on location-specific solar and wind energy potential. For example,592

Gandaki province may prioritize installing solar-wind hybrid energy systems to harness its co-location593

potential. Due to a large share of built-up areas, promoting solar-net metering would be adequate in594
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Bagmati province, reflected in Nepal’s ‘Every home, energy home’ policy [100]. Similarly, large-scale595

plants can be promoted in Karnali province because it has many suitable locations. Additionally, the596

current and planned hydropower corridors can also be prioritized for solar and wind power plants to use597

their road and substation networks.598

Second, the cost of solar and wind power plants is higher than hydropower plants in Nepal. This599

cost competitiveness is a bottleneck in a wider-scale adoption of utility and commercial-scale solar600

and wind power plants. For these renewable energies, Nepal provides subsidies for small-scale home601

and institutional systems but not commercial-scale plants. To attract the private sector in solar and602

wind energy generation, Nepal needs to establish appropriate incentives, including tax offsetting policies603

for utility and commercial-scale solar and wind power plants. Similarly, the policies on international604

investment need to be reviewed to ease the administrative work for foreign investors in the renewable605

energy sector.606

Third, appropriate plans and policies are also needed to stimulate and promote solar and wind energy607

research in the country. For example, our analysis is based on global datasets and despite being it is608

high-resolution data, proper ground validation of this data is missing. Thus, Nepal needs to generate609

national high-resolution data on solar and wind energy by measuring and monitoring these resources at610

different locations in the country. Such national high-resolution ground validated data would be crucial611

to estimate Nepal’s solar and wind energy potential more accurately.612

Fourth, the existing or planned substation may not have adequate capacity to integrate the power613

generation from nearby solar and wind plants. So appropriate planning is needed for the up-gradation614

and expansion of existing substations and transmission systems.615

Fifth, relative cost-effectiveness, social equability, environmental impacts, and investment modalities616

need to be considered at while formulating policies to promote the energy sector. This holistic approach617

would help to mobilize resources and ensure required processes are implemented to achieve the SDGs as618

a whole, going beyond SDG 7 – clean and affordable energy. In the post-COVID-19 Era, the promotion619

of renewable energies would play a vital role in the socio-economic recovery of the country [101].620

4.6. Limitations621

Our estimates of solar and wind energy potential also consist of a few limitations. The first limitation622

is associated with the data and methods we have applied in our study. For example, the accuracy of our623

estimates could be improved by using high-resolution data, which is a significant problem for remote624

sensing-based studies in developing countries. However, we make use of the highest resolution data625

available for Nepal. We have resampled some raster data to match with other data using the nearby626

sampling method, which also has added some uncertainties in the study. However, this uncertainty and627

error still share a very low significance in the study.628

Second, this study has not considered the geological constraints such as flood zone and earthquake629

fault zones. The land-use discount factor may not be uniform throughout the country because of land630

conflicts and geological deformities such as erosion zones, flooding zones, fault zones, military and airport631

zones. Thus, our study can be advanced further by following a multi-criteria analysis to identify priorities632

for solar and wind energy for Nepal, as done for other countries [10, 11, 12, 13]. Nevertheless, our study633

considers two land-use discount factors with a pessimistic scenario of 75%. Additionally, we narrow634
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down our suitable locations, considering a 500 m buffer to rivers.635

Third, we consider a linear regression model between the CF and average global horizontal irradiance636

in the POAs. However, this relation could also be non-linear. Nevertheless, our linear model also has637

a high r-squared value of 0.95. Additionally, our analysis could have also used data on Global Tilt638

Irridance instead of GHI to simply the study. Nevertheless, applied correlation between the CF and639

global horizontal irradiance, considering the appropriate tilt angle and slope exclusion, would also give640

similar results. Further, it is possible to install solar PV in the direction other than south-facing.641

However, the performance would drastically reduces with changes in facing angle (similar to azimuth642

angle) relative to southern part [102, 33] for Nepal. Hence, possibility of installation of solar PV other643

than southern region has been ignored, which would result in slight underestimation of the solar energy644

potential. Nevertheless, these locations would have a higher overall cost due to their lower generation645

capacity.646

Similarly, we estimate the solar energy potential considering fixed tilted solar PV systems and the647

wind energy potential for International Electromechanical Commission class III wind power plants.648

These considerations provide conservative estimates of solar and wind energy in Nepal, which could649

be higher if tracking solar PV systems or higher class wind power plants are considered. Additionally,650

installing a 4.5 MW wind turbine would be a challenge in most locations in Nepal due to a need to651

transport the long wind blades in mountain roads. Thus, it might be better to estimate the wind energy652

potential based on lower capacity turbines. However, the global wind atlas does not provide CFs for653

smaller turbines. There are two implications of assuming a large wind turbine in our analysis. It ignores654

the energy that could be generated in the suitable areas for lower capacity wind turbines. Next, it may655

overestimate energy potential of suitable location of a high capacity wind turbine because of a need to656

replace it with a lower capacity one during installation due to difficulties in transportation of the long657

wind blades. Hence, appropriate ground based data has to be analysed before implementation of wind658

turbines in the suitable sites, choosing the adequate capacity wind turbines.659

Fourth, since 42% and 35% of Nepal’s total land area is covered by hilly and mountainous regions660

[103], a terrain factor has to be used to determine the actual path length of transmission and road length.661

However, we have considered the minimum distance in our estimates, which needs to be improved to662

account for the terrain’s effect on the road and transmission network construction. Nevertheless, our663

study is the first to consider these factors while investigating the economic feasibility of solar and wind664

energy in Nepal.665

Fifth, the costs incurred due to variability and uncertainty of renewable energy generation are not666

included in our analysis. The actual generation cost is more likely to be site-specific to its ground667

measurements and geography. Nevertheless, we provide the first estimate that can provide a sound basis668

for further studies.669

5. Conclusion670

In summary, we provide estimates of the spatial and economic potential of solar and wind energy671

in Nepal at the province level for the first time. Our findings highlight that the upper mid-northern672

part (mountain region) and eastern lowland of the country have a vast potential for solar and wind673

24



energy due to higher solar radiance and wind speed. Many identified suitable solar and wind energy674

locations are also nearby existing and under-construction substations and hydropower. Looking at the675

cost, we found that solar power plants are more expensive than wind power plants. However, the676

suitable locations for wind energy are limited and also concentrated in high altitude areas. As federal677

and provincial governments are planning to generate electricity from solar and wind energy and private678

companies are showing interest to invest, the results revealed by this study will be helpful for planners,679

decision-makers, and entrepreneurs. However, further research is needed to improve the accuracy of our680

estimates by using high resolution ground-validated and bias-corrected datasets, considering multiple681

criteria to narrow down suitable locations, and accounting for different classes of wind turbines and682

different types of solar PV systems. Future research needs to investigate strategies for the optimum683

energy mix for solar, wind, and hydro energy systems to meet Nepal’s future energy demand, ensuring684

reliable and stable electricity supply.685
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[8] R. Prăvălie, C. Patriche, G. Bandoc, Spatial assessment of solar energy potential at709

global scale. a geographical approach, Journal of Cleaner Production 209 (2019) 692–721.710

doi:https://doi.org/10.1016/j.jclepro.2018.10.239.711

[9] C. Arndt, D. Arent, F. Hartley, B. Merven, A. H. Mondal, Faster than you think: Renewable712

energy and developing countries, Annual Review of Resource Economics 11 (2019) 149–168.713

[10] K. Shiraishi, R. G. Shirley, D. M. Kammen, Geospatial multi-criteria analysis for identifying high714

priority clean energy investment opportunities: A case study on land-use conflict in bangladesh,715

Applied Energy 235 (2019) 1457–1467.716

[11] R. Deshmukh, G. C. Wu, D. S. Callaway, A. Phadke, Geospatial and techno-economic717

analysis of wind and solar resources in india, Renewable energy 134 (2019) 947–960.718

doi:10.1016/j.renene.2018.11.073.719

[12] M. Sadeghi, M. Karimi, Gis-based solar and wind turbine site selection using multi-criteria analysis:720

Case study tehran, iran, Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci 42 (2017) 469–476.721

[13] A. Gerbo, K. V. Suryabhagavan, T. Kumar Raghuvanshi, Gis-based approach for modeling grid-722

connected solar power potential sites: a case study of east shewa zone, ethiopia, Geology, Ecology,723

and Landscapes (2020) 1–15.724

[14] P. Windsor, P. Rolfe, Solar and wind energy resource assessment in nepal (swera), Tech. rep.,725

Alternative Energy Promotion Center Government of Nepal Ministry of Environment (2008).726

[15] K. R. Adhikari, S. Gurung, B. K. Bhattarai, Solar energy potential in nepal and global context,727

Journal of the Institute of Engineering 9 (1) (2013) 95–106. doi:10.3126/jie.v9i1.10675.728

[16] B. Upreti, A. Shakya, Wind energy potential assessment in nepal (2009).729

URL http://www.wind.arch.t-kougei.ac.jp/APECWW/Report/2009/NEPAL.pdf730

[17] U. Nations, World urbanization prospects 2018 (2018).731

[18] C. L. Chidi, Human settlements in high altitude region nepal, Geographical Journal of Nepal 7732

(2009) 1–6. doi:10.3126/gjn.v7i0.17436.733

[19] A. Warchold, P. Pradhan, J. P. Kropp, Variations in sustainable development goal interactions:734

Population, regional, and income disaggregation, Sustainable Development.735

[20] P. Pradhan, Antagonists to meeting the 2030 agenda, Nature Sustainability 2 (3) (2019) 171–172.736

[21] M. P. I. F. Putra, PrajalPradhan, J. P.Kropp, A systematic analysis of water-energy-737

food security nexus: A south asian case study, Science of The Total Environment (2020)738

138451doi:10.1016/j.scitotenv.2020.138451.739

[22] IEA, Data and statistics (2020).740

URL https://www.iea.org/data-and-statistics?country=WORLD&fuel=Energy\%20supply&741

indicator=TPESbySource742

26



[23] MoF, Economic survey: Fiscal year 2018/19, Tech. rep., Ministry of Finance, Kathmandu (2019).743

[24] Water, E. C. Secretariat, Electricity demand forecast report(2015-2040), Tech. rep., Nepal Gov-744

ernment (Jan 2017).745

[25] K. Kandel, A Comprehensive Study on Hydropower Potential of Nepal, Tech. rep., Water and746

Energy Consultants’ Association Nepal (WECAN) (2018).747

URL http://www.wecan.org.np/uploaded/HydroPotentialofNepal.pdf748

[26] G. Wu, R. Deshmukh, K. Ndhlukula, T. Radojicic, J. Reilly, Renewable energy zones for the749

africa clean energy corridor, Tech. rep., International Renewable Energy Agency (IRENA) (2015).750

URL https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/751

IRENA-LBNL_Africa-RE-_CEC_2015.pdf752

[27] J. P. Allebach, 7.1 - image scanning, sampling, and interpolation, in: A. BOVIK (Ed.),753

Handbook of Image and Video Processing (Second Edition), second edition Edition, Com-754

munications, Networking and Multimedia, Academic Press, Burlington, 2005, pp. 895–XXVII.755

doi:https://doi.org/10.1016/B978-012119792-6/50115-7.756

[28] Q. D. Team, et al., Qgis geographic information system, Open Source Geospatial Foundation757

Project (2019).758

[29] GRASS Development Team, Geographic Resources Analysis Support System (GRASS GIS) Soft-759

ware, Version 7.2, Open Source Geospatial Foundation (2017).760

URL http://grass.osgeo.org761

[30] ICIMOD, Land cover of Nepal 2010 [Data set] (2013).762

URL http://lib.icimod.org/record/30808763

[31] A. Jarvis, E. Guevara, H. Reuter, A. Nelson, Hole-filled srtm for the globe : version 4 : data grid,764

published by CGIAR-CSI on 19 August 2008. (2008).765

[32] Y. Charabi, M. B. H. Rhouma, A. Gastli, Siting of pv power plants on inclined terrains, Interna-766

tional Journal of Sustainable Energy 35 (9) (2016) 834–843.767

[33] T. Y. Khan, M. E. M. Soudagar, M. Kanchan, A. Afzal, N. R. Banapurmath, N. Akram, S. D.768

Mane, K. Shahapurkar, Optimum location and influence of tilt angle on performance of solar pv769

panels, Journal of Thermal Analysis and Calorimetry (2019) 1–22doi:10.1007/s10973-019-09089-5.770

[34] W. Tian, A. Ozbay, H. Hu, Terrain effects on characteristics of surface wind and wind turbine771

wakes, Procedia Engineering 126 (2015) 542–548. doi:10.1016/j.proeng.2015.11.302.772

[35] D. Mentis, S. Hermann, M. Howells, M. Welsch, S. H. Siyal, Assessing the technical773

wind energy potential in africa a gis-based approach, Renewable Energy 83 (2015) 110–125.774

doi:10.1016/j.renene.2015.03.072.775

[36] S. M. Baban, T. Parry, Developing and applying a gis-assisted approach to locating wind farms776

in the uk, Renewable energy 24 (1) (2001) 59–71. doi:10.1016/S0960-1481(00)00169-5.777

27



[37] L.-I. Tegou, H. Polatidis, D. A. Haralambopoulos, Environmental management framework for wind778

farm siting: Methodology and case study, Journal of environmental management 91 (11) (2010)779

2134–2147. doi:10.1016/j.jenvman.2010.05.010.780

[38] M. Gautam, K. Acharya, Streamflow trends in nepal, Hydrological sciences journal 57 (2) (2012)781

344–357. doi:10.1080/02626667.2011.637042.782

[39] A. Georgiou, D. Skarlatos, Optimal site selection for sitting a solar park using multi-criteria783

decision analysis and geographical information systems, Geoscientific instrumentation, methods784

and data Systems 5 (2) (2016) 321–332. doi:10.5194/gi-5-321-2016.785

[40] Y. Noorollahi, H. Yousefi, M. Mohammadi, Multi-criteria decision support system for wind786

farm site selection using gis, Sustainable Energy Technologies and Assessments 13 (2016) 38–50.787

doi:10.1016/j.seta.2015.11.007.788

[41] N. S. Department, River network of nepal (Aug 2007).789

URL https://rds.icimod.org/home/datadetail?metadataid=852790

[42] Solargis, ESMAP, W. B. Group, Photovoltaic power potential nepal, solar resource map (2020).791

URL https://solargis.com/maps-and-gis-data/download/nepal792

[43] S. Hermann, A. Miketa, N. Fichaux, Estimating the renewable energy potential in africa: a793

gis-based approach, Tech. rep., The International Renewable Energy Agency (IRENA) (2014).794

URL https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2014/IRENA_795

Africa_Resource_Potential_Aug2014.pdf796

[44] S. Ong, C. Campbell, P. Denholm, R. Margolis, G. Heath, Land-use requirements for solar power797

plants in the united states, Tech. rep., National Renewable Energy Lab.(NREL), Golden, CO798

(United States) (2013).799

[45] M. Sengupta, Y. Xie, A. Lopez, A. Habte, G. Maclaurin, J. Shelby, The national solar800

radiation data base (nsrdb), Renewable and Sustainable Energy Reviews 89 (2018) 51–60.801

doi:10.1016/j.rser.2018.03.003.802

[46] A. P. Dobos, Pvwatts version 5 manual (2014).803

URL https://pvwatts.nrel.gov/804

[47] Z. Liu, Chapter 2 - clean energy replacement and electricity replacement, in: Global Energy Inter-805

connection, Academic Press, Boston, 2015, pp. 65 – 90. doi:10.1016/B978-0-12-804405-6.00002-6.806

[48] F. Baumgartner, 5 - photovoltaic (pv) balance of system components: Basics, performance, in:807

N. Pearsall (Ed.), The Performance of Photovoltaic (PV) Systems, Woodhead Publishing, 2017,808

pp. 135 – 181. doi:https://doi.org/10.1016/B978-1-78242-336-2.00005-7.809

[49] P. Gagnon, R. Margolis, J. Melius, C. Phillips, R. Elmore, Rooftop solar photovoltaic techni-810

cal potential in the united states. a detailed assessment, Tech. rep., National Renewable Energy811

Lab.(NREL), Golden, CO (United States) (2016).812

URL https://www.nrel.gov/docs/fy16osti/65298.pdf813

28



[50] S. Choice, 1.5 kw solar pv systems: Pricing, outputs and payback (2016).814

URL https://www.solarchoice.net.au/blog/1-5kw-solar-pv-systems-price-output-payback815

[51] C. B. of Statistics, National population and housing census 2011, Tech. rep., Central Bureau of816

Statistics - National Planning Commission Secretariat, Government of Nepal (2012).817

URL https://nada.cbs.gov.np/index.php/ddibrowser/54/export/?format=pdf&generate=818

yes819

[52] R. Singh, R. Banerjee, Estimation of rooftop solar photovoltaic potential of a city, Solar Energy820

115 (2015) 589–602. doi:10.1016/j.solener.2015.03.016.821

[53] M. Gutschner, S. Nowak, D. Ruoss, P. Toggweiler, T. Schoen, Potential for building integrated822

photovoltaics, Tech. rep., International Energy Agency (IEA) (2002).823

URL https://iea-pvps.org/wp-content/uploads/2020/01/rep7_04.pdf824

[54] D. W. Energy, T. W. Bank, Global wind atlas 3.0 (2020).825

URL https://globalwindatlas.info/api/gis/country/NPL/power-density/50826

[55] R. Laudari, B. K. Sapkota, K. Banskota, Wind farming feasibility assessment in 16 locations of827

nepal, Journal of the Institute of Engineering 15 (3) (2019) 205–215. doi:10.3126/jie.v15i3.32183.828

[56] R. Pletka, D. Djeu, J. Finn, A. Hanna, C. Holmgren, K. Joyce, M. Lock, S. Maki, T. Mason,829

Renewable energy transmission initiative reti phase 2b, Tech. rep., California Energy Commission830

(2010).831

URL http://www.energy.ca.gov/2010publications/RETI-1000-2010-002/832

RETI-1000-2010-002-F.PDF833

[57] M. H. Zhang, Wind resource assessment and micro-siting: science and engineering, John Wiley &834

Sons, 2015.835

[58] C. F. I. E. S. I. N. C.-C. University, I. T. O. S. I.-U. O. Georgia, Global roads open access data set,836

version 1 (groadsv1), Palisades NY: NASA Socioeconomic Data and Applications Center (SEDAC)837

(2013). doi:10.7927/H4VD6WCT.838

[59] RPGCL, Nepal power transmission network map, Tech. rep., Rastriya Prasaran Grid Company839

Limited (RPGCL) (2018).840

URL https://moewri.gov.np/storage/listies/May2020/nepal-power-transmission-network-map.841

pdf842

[60] D. Kline, D. Heimiller, S. Cowlin, Gis method for developing wind supply curves, Tech. rep.,843

National Renewable Energy Lab.(NREL), Golden, CO (United States) (2008).844

[61] IRENA, Renewable power generation costs in 2018, Tech. rep., International Renewable Energy845

Agency (IRENA), Abu Dhabi (2019).846

[62] IRENA, Renewable power generation costs in 2017, Tech. rep., International Renewable Energy847

Agency (IRENA), Abu Dhabi (2018).848

29



[63] PGCIL, Report on green energy corridors: Transmission plan for envisaged renewable capacity,849

Tech. rep., Power Grid Corporation of India Ltd. (PGCIL) (2012).850

URL http://www.forumofregulators.gov.in/Data/study/Report-Green-Energy-Tr.851

-corridor.pdf852

[64] J. Lebo, D. Schelling, Design and Appraisal of Rural Transport Infrastructure: Ensuring Basic853

Access for Rural Communities, no. v. 23-496 in Design and Appraisal of Rural Transport Infras-854

tructure: Ensuring Basic Access for Rural Communities, World Bank, 2001.855

URL https://books.google.com.np/books?id=Nme-4f4-DVAC856

[65] N. R. Bank, Macroeconomic indicators of nepal (2019).857

URL https://www.nrb.org.np/contents/uploads/2019/12/Macroeconomic_Indicators_of_858

Nepal-2019-11_November_2019-new.pdf859

[66] CREC, Cerc (terms and conditions for tariff determination from renewable energy sources) reg-860

ulations, 2009, Terms and Conditions for Tariff determination from Renewable Energy Sources861

Regulations (2009).862

[67] Protected areas and ecosystems (2018).863

URL https://ntnc.org.np/thematic-area/protected-areas-and-ecosystems864

[68] IUCN, UNEP, The world database on protected areas (wdpa) (2013).865

URL https://www.iucn.org/theme/protected-areas/our-work/866

quality-and-effectiveness/world-database-protected-areas-wdpa867

[69] B. R. Poudel, S. Shrestha, S. Kandel, K. Das, Solar pico pv market potential in nepal: Current868

trend and future perspective, Tech. rep., Patan, Nepal: SNV Neatherlands Development Organi-869

sation (2014).870

URL https://sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/Solar_Pico_PV_871

Market_Potential_in_Nepal.pdf872

[70] K. C. Surendra, S. Kumar, P. Shrestha, B. Lamsal, Current status of renewable energy in nepal:873

Opportunities and challenges, Renewable and Sustainable Energy Review 15 (8) (2011) 4107–4117.874

doi:10.1016/j.rser.2011.07.022.875

[71] J. Henryson, T. Haakansson, Solar home systems in nepal, Tech. rep., Department of Heat and876

Power Engineering, Lund Institute of Technology, P.O. BOX 118, SE-221 00 Lund Sweden (1999).877

URL https://www.osti.gov/etdeweb/servlets/purl/10149650878

[72] AEPC, Annual progress report 2067/68 (2010/11), Tech. rep., Lalitpur, Nepal: Alternative Energy879

Promotion Center (AEPC) (2012).880

URL aepc.gov.np/old/files/20131029070523_2067-2068.pdf881

[73] CES, Profile: Introduction (June 2020).882

URL http://ces.ioe.edu.np/?page_id=110883

[74] SEMEN, Introduction (June 2020).884

URL https://www.semannepal.org.np/introduction885

30



[75] AEPC, Nepal photovoltaic quality assurance (nepqa) 2015.rev1, Tech. rep., Lalitpur, Nepal: Al-886

ternative Energy Promotion Center (AEPC) (2016).887

URL https://www.retsnepal.org/downloads/file?id=39888

[76] WECS, , Tech. rep., Kathmandu, Nepal: Water and Energy Commission Secretariat (WECS),889

Government of Nepal (2013).890

URL https://policy.asiapacificenergy.org/sites/default/files/National%20Energy%891

20Strategy%20of%20Nepal%202013%20%28EN%29.pdf892

[77] R. Bhandari, I. Stadler, Electrification using solar photovoltaic systems in nepal, Applied Energy893

88 (2) (2011) 458–465. doi:10.1016/j.apenergy.2009.11.029.894

[78] J. N. Shrestha, Application of building integrated photovoltaic electric system: its contribution895

in reduction of load shedding hours in nepal, Journal of the Institute of Engineering 7 (1) (2009)896

1–5. doi:10.3126/jie.v7i1.2056.897

[79] AEPC, Urban solar energy system and soft loan operation manual, Tech. rep., Lalitpur, Nepal:898

Alternative Energy Promotion Center (AEPC) (2015).899

[80] DOED, Construction licencse:: Solar (June 2020).900

URL https://www.doed.gov.np/license/23901

[81] NEA, A year in review–fiscal year 2019/20, Tech. rep., Nepal Electricity Authority (NEA) (2020).902

URL https://www.nea.org.np/admin/assets/uploads/supportive_docs/Annual_book_903

2077.pdf904

[82] M. Republica, Solar plant construction in nuwakot in final stages (Mar 2020).905

URL https://myrepublica.nagariknetwork.com/news/solar-plant-construction-in-nuwakot-in-final-stages/906

[83] Investopaper, Butwal solar power project (8.5 mw) connected to national transmission line (Octo-907

ber 2020).908

URL https://www.investopaper.com/news/butwal-solar-power-project/909

[84] S. Nepali, S. Ghale, K. Hachhethu, Federal Nepal: the Provinces Socio-Cultural Profiles of the910

Seven Provinces, Governance Facility, 2018.911

URL https://www.lahurnip.org/uploads/resource/file/federal-nepal-the-provinces-socio-cultural-profiles-of-the-seven-provinces.912

pdf913

[85] NEA, Nepal electricity authority report, Tech. rep., Nepal Electricity Authority (2018).914

URL https://www.nea.org.np/admin/assets/uploads/supportive_docs/annual_report_915

2076.pdf916

[86] B. R. Gautam, F. Li, G. Ru, Assessment of urban roof top solar photovoltaic poten-917

tial to solve power shortage problem in nepal, Energy and Buildings 86 (2015) 735 – 744.918

doi:https://doi.org/10.1016/j.enbuild.2014.10.038.919

31



[87] N. E. Authority, Nea board decisions on the power purchase rates and associated rules for ppa of920

ror/pror/storage projects (2017).921

URL https://www.nea.org.np/admin/assets/uploads/supportive_docs/99343289.pdf922

[88] Solar Pico PV Market Potential in Nepal Current Trend and Future Perspective, Netherlands923

Development Organisation (SNV).924

URL https://energypedia.info/images/a/a5/Solar_Pico_PV_Market_Potential_in_925

Nepal.pdf926

[89] Progress at a Glance: A year in Review, FY (2018/2019), AEPC, Ministry of Energy, Water927

Resources and Irrigation, 2019.928

URL https://www.aepc.gov.np/uploads/docs/progress-at-glance-a-year-in-review-fy-207576-201819-1572879503.929

pdf930

[90] Universalizing Clean Energy in Nepal, A plan for Sustainable Distributed Generation and Grid931

Access to All by 2022, National Planning Commission, Government of Nepal, 2018.932

URL https://www.npc.gov.np/images/category/SUDIGGAA_final_version.pdf933

[91] P. L. Joskow, Comparing the costs of intermittent and dispatchable electricity generating tech-934

nologies, American Economic Review 101 (3) (2011) 238–41.935

[92] A. Mills, R. Wiser, Changes in the economic value of variable generation at high penetration levels:936

a pilot case study of california, Tech. rep., Lawrence Berkeley National Lab.(LBNL), Berkeley, CA937

(United States) (2012).938

[93] D. of Roads, Statistics of strategic road network 2017-18 (2017-2018).939

URL https://dor.gov.np/home/publication/statistics-of-strategic-road-network-2-17-18940

[94] RPGCL, Transmission System Development Plan of Nepal, Rastriya Prasaran Grid Company941

Limited, 2018.942

URL https://rpgcl.com/images/category/TSMPN_RPGCL_GoN.pdf943

[95] W. B. Group, Measuring rural access: Using new technologies, World Bank, 2016.944

[96] K. Gyanwali, R. Komiyama, Y. Fujii, Representing hydropower in the dynamic power sector945

model and assessing clean energy deployment in the power generation mix of nepal, Energy (2020)946

117795doi:10.1016/j.energy.2020.117795.947

[97] B. R. Tiwari, N. Bhattarai, A. K. Jha, Performance analysis of a 100 kwp grid connected solar948

photovoltaic power plant in kharipati, bhaktapur, nepal, in: Proceedings of the IOE Graduate949

Conference, Patan, Nepal, Vol. 5, 2017.950

[98] K. N. Pondyal, B. K. Bhattarai, B. Sapkota, B. Kjeldstad, Solar radiation potential at four sites951

of nepal, Journal of the Institute of Engineering 8 (3) (2011) 189–197.952

[99] J. Zheng, F. Wen, M. Zhou, L. Hu, Q. Xu, Z. Lan, Transmission planning with renewable genera-953

tion and energy storage, APSCOM 2015 (2015). doi:10.1049/ic.2015.0224.954

32



[100] Present Situation and Future Road-map of Energy, Water Resources and Irrigation (Whitepaper),955

Ministry of Energy, Water Resources and Irrigation, Kathmandu, Nepal, 2018.956

URL https://moewri.gov.np/storage/listies/May2020/white-paper-2075-with-annex02.957

pdf958

[101] P. Pradhan, D. R. Subedi, D. Khatiwada, K. K. Joshi, S. Kafle, R. P. Chhetri, S. Dhakal, A. P.959

Gautam, P. P. Khatiwada, J. Mainaly, et al., The covid-19 pandemic not only poses challenges, but960

also opens opportunities for sustainable transformation, Earth’s Future 9 (2021) e2021EF001996.961

doi:https://doi.org/10.1029/2021EF001996.962

[102] M. Dhimish, S. Silvestre, Estimating the impact of azimuth-angle variations on photovoltaic annual963

energy production, Clean Energy 3 (1) (2019) 47–58.964

[103] M. of Health, P. MOHP/Nepal, N. ERA/Nepal, I. C. F. International, Nepal demographic and965

health survey 2011, Tech. rep., Kathmandu, Nepal (2012).966

URL http://dhsprogram.com/pubs/pdf/FR257/FR257.pdf967

33




