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Abstract- Renewable energy production continues to accelerate as the world recognizes the negative impact of fossil fuel 
consumption on the environment. Among the renewable energy technologies, there has been rapid growth in the use of solar 
PV systems in the last two decades. This study aims to design and assess the potential of a grid-connected solar PV system on 
the rooftop of an educational building in Morang, Nepal. The performance of the system, which can satisfy 100 % of the 
energy needs of the campus, is simulated using PVsyst and the results are analysed. The result of simulations show that a 48 
kWp solar PV power plant would fulfill the total annual energy demand of 66.009 MWh of the campus; the solar array can 
produce 75.9 MWh/year of energy. The economic analysis of the proposed system is carried out using PV*SOL software, 
while the environmental analysis is performed using PVsyst. The environmental analysis shows that the proposed PV 
electricity generation can save 76.3 tonnes of carbon dioxide production. Hence, this green campus design will be a novel 
significant step towards transforming academic campuses in Nepal into energy-efficient and environmentally sustainable 
communities.  

Keywords Photovoltaics, renewable energy, green campus, PVsyst.  

 

1. Introduction 

The energy generation from renewable energy sources 
such as solar, wind, hydro, and geothermal has experienced 
unprecedented growth in the last decades [1,2]. The solar 
photovoltaics (PV) installation has a global share of 4 % of 
installed capacity and shows the highest annual increase 
among the other renewable energy sources, i.e., 27 % in the 
period of the last five years [3]. The growth is fuelled by the 
decreasing overall cost of PV technology. The PV cost is 
economically competitive with that of conventional forms of 
electricity generation [4] and is expected to continue its key 
role in creating sustainable energy in the future [5]. Hence, 
solar PV technology has been widely used from a single 
household to educational institutions to provide green 
energy. Further, institutional policies promoting renewable 
energy have added to the boom in the use of PV technology 
[1]. In addition, climate change and global awareness have 
compelled designers and engineers to consider eco-friendly 
designs, and PV has been a preferred choice as one of the 

clean energy sources [3]. According to the United States 
Energy Information Administration (EIA), the building 
constitutes 1/3 of the total energy demand, and the rate of 
consumption is projected to increase by 2% each year [4]. 
Net Zero Buildings produce enough renewable energy to 
meet their own annual energy consumption requirement, and 
thereby reduce the use of non-renewable energy in the 
building sector; such buildings can reverse the energy need 
and be a symbol of sustainability. Institutional buildings are 
establishing new norms to improve their energy use to 
achieve Net Zero, and PV is their top pick as a renewable 
energy source. Thus, there is rapid growth in the solar PV 
system installation on different educational institutes to 
create sustainable green campuses, which ultimately have 
less impact on the environment [6-9].  

Globally, to adopt the concept of a sustainable green 
campus, a significant number of universities are planning 
relevant investments [10], various plans and policies have 
been formulated in many countries, and governments are 
providing subsidies to implement solar PV in buildings, 
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which in many cases makes it more profitable to install a 
solar PV system compared to the conventional energy 
systems [11, 12]. There are many successful examples of PV 
installation in educational buildings [13-15].  For example, 
Kawn and Hoffmann studied the feasibility of using a 
renewable energy resource in a city campus in Los Angeles, 
where a solar PV array is proposed to meet the campus total 
energy demand [16].  Chowdhary et al. presented a detailed 
feasibility study of a 50 kW PV installation at the rooftop of 
a Wyoming University campus building [13]. Baitule et al. 
showed the reduction of a carbon footprint by 73318.0 
tonnes in their simulation of solar PV energy generation to 
meet 100 % of the energy demand of MANIT campus at 
Bhopal, India [17]. These studies focused on the concept of 
developing a sustainable green campus.  

Jin H Jo et al. presented a feasibility study of a large-
scale solar photovoltaic system of 1MWh capacity at an 
educational institute in Illinois and suggested three different 
locations for a photovoltaic installation: rooftop, glare land 
(land not suitable for the specific purposes or unused land), 
and vehicle parking canopy within the campus. The study 
shows that a total project investment of $2,100,000 can 
produce 1,384,000 kWh/year of solar energy [18]. Johngsung 
Lee et al. made a similar investigation on the economic 
feasibility of solar PV installations campus-wide at the 
University of New Haven, New England. The study suggests 
that the university could save up to $250,000 per year and 
approximately $6.3 million over the 25-year lifetime of the 
solar PV plant [9]. A feasibility study by Sujoy et al. of a PV 
system installed on the rooftop of a Pondicherry University 
campus building in India found that 30 kWp of a rooftop PV 
system produces 590 MWh/year of solar energy and the PV 
installation could help in reducing carbon emissions by 42 
tonnes per year [19]. 

In recent years, the industry has adopted the term “net 
zero buildings” which refers to the equilibrium between the 
total power consumed and energy produced by a building [5]. 
One way to achieve Net Zero buildings is to use building 
integrated photovoltaics (BIPV) [8]. Net Zero Energy can be 
realized even in hot and humid climates if a hybrid design of 
active and passive cooling techniques is introduced in the 
building [7]. Reducing the conventional energy use in a 
building with renewable sources such as PV will make the 
building more environmentally friendly by lowering the 
emission of carbon dioxide [6][8]. To achieve a Net Zero 
outcome, it is also important to select devices and equipment 
that are energy efficient and choose reliable energy sources 
[9]. 

2. Nepal and its Perspective 

All Nepal has thousands of free-flowing rivers, and it is 
the second richest country in water resources in the world 
after Brazil [20]. This tremendous potential of clean energy 
production is possible because of big, mini, and micro 
hydropower plants [21-23].  In addition, Nepal has wind 
resources, geothermal resources, biomass, and receives 
abundant solar power; these resources are equally distributed 
all over the country [24].  Undoubtedly, hydropower plants 
are the most significant long-term source to meet the rising 

load demand in Nepal; however, there are issues such as 
difficulty in dam construction, the large capital investment 
needed, and problems with building electro-mechanical 
structures in a mountainous landscape that contains fragile 
and unique ecosystem [25]. Even though hydropower is 
expected to be the key resource for electricity, conversion of 
abundant solar energy through solar photovoltaic arrays 
provides a good opportunity to increase the energy supply. 
Solar PV systems have become the best energy resource to 
light homes in the rural off-grid area in Nepal since this 
country has an average global solar radiation of 3.6-6.2 
kWh/m2day. Consequently, solar PV power plants can be 
installed at almost any site in Nepal and generate distributed 
power for different consumers [26, 27].  There has been a 
200% increase in the number of houses with solar PV 
installed this decade; there were 300,000 such systems 
installed in the previous decade [28, 29]. However, the use of 
solar PV technology in urban regions was limited due to its 
higher capital cost compared to the conventional electricity 
obtained from the grid. Nowadays PV is slowly gaining 
traction even in urban areas due to the reduction in the costs. 
Although the first PV power plants were built in 1963, their 
adoption within institutional buildings is low compared to 
residential ones [30]. PV as a primary power source in 
educational institutions is a new concept in Nepal. Even 
though the reliability of grid electricity in Nepal is poor, the 
use of a green energy source such as PV has been 
underexplored.  

There are about 14 engineering campuses affiliated with 
Tribhuvan University (TU), one of the largest universities in 
Nepal, and about the same number of campuses in other 
large universities such as Pokhara University and Purbanchal 
University [31].  Kathmandu University and Paschimanchal 
University have only constituent engineering campuses. 
Altogether, Nepal currently has almost 50 engineering 
campuses and PV use can offset the use of grid energy while 
powering these institutions with a green source of energy. 
One of the leading engineering campuses, Central Campus 
Pulchowk of TU, has attempted to implement the concept of 
a green sustainable campus by constructing a PV-powered 
building for the energy studies graduate program, but much 
more needs to be done. Likewise, other campuses have also 
tried to explore renewable energy sources to offset their grid 
energy use [32, 33].   

3. Methodology 

The methodology is developed holistically in this study, 
which is shown in Figure 1. The monthly electricity 
consumption of the case study campus from 2018 to 2020 is 
taken from the electricity bills of the Nepal Electricity 
Authority, Biratnagar Branch, provided by the administration 
of the college. The average daily solar irradiation is 
calculated for the location, and an appropriate site for the 
solar PV installation is selected on the campus. After getting 
all the inputs for the simulation, PVsyst and PV*SOL 
software packages for solar PV system design are used to 
simulate the proposed solar PV installation. The simulation 
results and the components of the grid-connected solar PV 
power plant are discussed, and energy analysis and economic 
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analysis are carried out to assess the technical and economic 
feasibility of the solar PV installation. Environmental 
analysis is also performed as this research aims at securing 
green energy with less environmental pollution.  

 

Fig. 1. Methodology of the Study 

3.1. Study Location 

Madan Bhandari Engineering College, situated in the 
eastern part of Nepal in Morang district, is a constituent 
affiliate college of Pokhara University. The geographical 
coordinates of the campus are 26.6649° N latitude and 
87.6137° E longitude, and the altitude is 100 m above sea 
level. The campus is electrified through the national grid 
supplied by Nepal Electricity Authority, but the grid supply 
is frequently interrupted during periods of high electricity 
demand in the city and the whole nation. Therefore, the 
campus is looking for an alternative source of energy that 
will provide uninterrupted electricity. The campus has 20 
acres of glare land where a solar PV system can be installed. 
The newly established campus is thus an ideal site to study 
the feasibility of solar installation.  

 

Fig. 2. Campus layout on google maps. 

The mean annual global horizontal solar insolation for 
Nepal having over 300 bright sunny days in a year ranges 
from 3.6 to 6.2 kWh/m2/day and the average solar intensity 

is 4.7 kWh/day [34]. The project site is in the south-eastern 
part of Nepal, in the region having more bright sunny days 
than the country average in a year; the average global 
horizontal solar radiation for the campus site is 4.7 kWh/m2 
at an altitude of 100 m above the sea level. Its climate is 
closer to tropical and it is extremely hot, up to 40°C, humid 
in summer, and very cold and foggy in winter (the minimum 
temperature is about 10 °C). Its total precipitation is about 
1300 mm to 2780 mm per year, which varies annually [35]. 
The monthly average wind speed is 1.1 m/s at 10 m above 
the ground, and air temperature is 25.8°C at 10 m above the 
surface of the earth.                                                                                                 

Table 1. Global horizontal irradiance and temperature in 
various months at the site 

Months 

Global 
Horizontal 
Irradiance 
(kWhr/m2) 

Global 
Horizontal 

Diffuse 
(kWhr/m2) 

Temperature 
(°C) 

Jan 129.7 34.54 15.13 
Feb 126 53.28 19.88 
Mar 167.8 69.36 25.77 
Apr 177 87.17 30.28 
May 177.4 99.41 31.69 
Jun 157.4 91.72 30.85 
Jul 141.4 87.72 30.06 

Aug 147.4 88.82 29.97 
Sep 132.1 77.25 28.97 
Oct 133.6 70.31 27.18 
Nov 128.2 42.61 22.17 
Dec 115.4 41.41 17.13 
Year 1733.3 843.61 25.78 

 
3.2. Campus Energy Consumption 

To determine the total solar energy required to operate 
the campus, the yearly electrical energy consumption shown 
in the campus bills for the period from 2018 to 2020 was 
obtained from Nepal Electricity Authority at Biratnagar 
Branch. The monthly electricity use is the best and most 
reliable data for analysis of the electricity consumed. 
According to the campus administration, due to the 
construction period and the first year of operation, there was 
not much consumption of electricity in the year 2018. The 
campus has plans for the expansion of academic programs 
and other activities every year; therefore, the electricity 
consumption will increase every year.  To capture these 
trends and assess the future electricity demand, we analyzed 
the three years’ data and obtained a logarithmic fit for each 
month to forecast the campus energy needs in the next three 
years. The log fit gives the coefficient of determination (R2) 
value of more than 85 % for each month except for 
November where it is just 28 %.  The logarithmic fit is the 
best fit for the existing data. The 2018-2020 data and the 
predicted energy consumption for the 2021-2023 period are 
shown in Table 2.  
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To make the proposed solar PV power plant sustainable, 
the maximum consumed energy from each month is chosen 
for the calculation. According to Table 2, the predicted 
electricity consumption in each month of the year 2023 is 

higher than the corresponding consumption in the previous 
years. Therefore, the predicted energy consumption of 66008 
kWh in 2023 is used as the input data for the PVsyst 
simulation. 

Table 2. Electricity consumption in 2018-2020 and forecasted demand till 2023. 

Months Energy Consumption in different years in kWh 
 Actual Forecasted 
 2018 2019 2020 2021 2022 2023 

Jan 1816 3223 3478 4077 4427 4713 
Feb 1996 3540 3299 3969 4259 4496 
Mar 1717 3945 3865 4825 5292 5673 
Apr 2013 4025 4863 5707 6293 6772 
May 2123 3965 4746 5518 6057 6498 
Jun 2437 4562 5215 6112 6689 7161 
July 2508 4489 5198 6032 6588 7042 
Aug 2436 4756 4756 5754 6255 6664 
Sep 2356 4125 4132 4893 5276 5589 
Oct 1988 3312 2796 4893 5276 5589 
Nov 1607 2989 2156 2772 2919 3040 
Dec 1630 2265 2253 2526 2661 2772 

Total Yearly 
Consumption 24627 45196 46757 57078 61993 66008 

       
Table 2 also shows that the total energy required to 

operate the campus is 24627 kWh, 45196 kWh, and 46757 
kWh in 2018, 2019, and 2020, respectively. Hence, the 
existing 18 kWp PV plant would not be sufficient to supply 
green energy for the campus. The proposed PV system is 
designed to generate more electricity than the total 
consumption of energy in 2023. i.e., 66008 kWh. 

3.3. Components of the Proposed Solar PV Power Plant 

The existing solar PV power plant of 18 kWp on the 
campus is not sufficient to supply green electricity. The 
components of the existing solar PV power plant are shown 
in Figure 3. The proposed system consists of similar 
components with the following specifications: 

3.3.1. Area 

The total area of the campus rooftops is 1096 m2. The 
proposed solar PV power plant has the capacity of 48 kWp 
and consists of 160 PV modules with a total area of 266 m2. 
Since this area is available at the rooftop of a campus 
building, the rooftop is selected for the installation of the PV 
modules.  

3.3.2 Tilt and Azimuthal Angle 

The tilt angle and azimuthal angle of the proposed solar PV 
plant are selected based on the latitude of the location and 
angle at which the maximum absorption of solar radiation is 

possible. Hence, the PV array is fixed at 30° tilt angle and 0° 
azimuthal angle to obtain the maximum energy from the sun.   

3.3.3 PV Module 

The PV module is selected based on its availability, 
reliability, and the cost as there are various kinds of solar 
panels available in the market [35]. For a large-scale solar 
PV power plant, modules of polycrystalline are the most 
popular, and hence, in the proposed power plant 
polycrystalline PV module CS3K-300P P4 from Canadian 
Solar Inc. is considered for the design. The unit normal 
power of the PV module is 300 Wp and the array global 
power is 48 kWp at standard test conditions (STC) and 43.6 
kWp at operating conditions at 50°C. The array operating 
characteristics at 50°C are Umpp 595 V (maximum power 
point voltage (Umpp) is the maximum available voltage that 
can be extracted from the PV module) and Impp 73 A 
(maximum power point current (Impp) is the maximum 
current that can be extracted from the PV module).  

3.3.4. Inverters 

Two 20 kW rated inverters are used for the proposed 
solar PV power plant. The inverters are manufactured by 
SMA Solar Technology AG and the model is Sunny 
Tripower 2000TLEE-JP. The operating voltage of the 
inverter is 580-800 V. The unit normal power of each 
inverter is 20 kWAC and hence the total power capacity for 
the two inverters is 40 kWAC  
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3.3.5 Battery Bank 

The Pathari city where the campus is located has a grid 
supplied through 33 kV lines, and the proposed PV power 
plant would be connected to 11/0.4 kV distribution system. A 
grid-connected system is proposed in this study because it is 
easier to export the excess electricity produced to the gird. 
However, for providing emergency backup for a short time, a 
small battery bank can be installed. In this study, the battery 
bank is not considered because of its short life (4-5 years in 
general and 10 years at most) [37].  

3.3.6 Other Components 

There are other components, sub-systems, and 
accessories like mountings for panels, cables, transformers 
for grid connection, etc. The panels are mounted with the 
desired tilt and azimuthal angle by means of 
mountings/frame. Transformers are essential for grid 
connection and for transforming generation voltage into the 
voltage required at the supply. DC/AC cables are required for 
connecting panels, inverters, and to the grid. 

 

Fig. 3. Block diagram of existing 18 kWp PV plant at the 
campus 

3.4 Calculation of Monthly Average Daily Solar Radiation 

To determine the monthly average solar power energy 
produced by the solar panel with the tilted surface facing 
towards the equator, the average daily solar radiation is 
calculated based on the model described by Liu and 
Jordan[36]. S. A. Klein experimented at solar energy 
laboratory in the University of Wisconsin-Madison [38, 39] 
using the following equation: 

 ,                                                     (1) 

where , , and  are the monthly average of daily global 
radiation (W/m2day), the monthly average of daily clearness 
index, and the monthly average of daily extraterrestrial 

radiation (W/m2day), respectively. The daily mean solar 
radiation is given by 

 
  ,                                         (2) 

where  are respectively the days of the year at 
the start and end of the month.  is the extraterrestrial 
radiation on a horizontal surface on day n of the year, which 
is given by:  

,(3) 

where   is the solar constant, n is the day of the year given 
for each month, ϕ is the latitude, and  is the solar 
declination which can be approximately expressed as 

 ,                                      (4) 

Here    is the sunset hour angle given by 

 ,                                                      (5) 

The average daily radiation on the tilted surface,  , can be 
expressed as; 

  ,                                                   (6) 

where  is the ratio of the daily average solar power 
radiation on a tilted surface for each month.  Assuming 
diffuse and reflected beam radiation incidence on the tilted 
face of the solar PV panel, it is given by. 

 ,  (7)               

where   is the average monthly daily diffuse radiation,    
is the ratio of the average beam radiation on the tilted surface 
to that on a horizontal surface for each month, s is the ground 
reflectance (  varies from 0.2 to 0.7). Moreover,  as the 
ratio of extraterrestrial radiation on the tilted surface to that 
on a horizontal surface for a month can be calculated as  

 ,                    (8)    

where,  is the hour angle and  is the sunset hour angle 
for the titled surface, which is given as follows:  

.                (9) 
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3.5 Calculation of Performance Parameters  
 
3.5.1 Yield Factor (YF) 
 

It is the ratio of total energy power output to the 
nameplate direct current power output of the solar PV array. 
YF represents the total time needed by the PV array to 
function at its rated power to provide the same energy. The 
units of yield factor are hours [40-42]. The yield factor also 
known as specific yield is computed as: 

 

YF = .    

(10) 
 
3.5.2 Capacity Factor (CF) 
 
The capacity factor (CF) is the ratio of the actual output of 
energy over a specific period to the maximum possible 
electrical energy that can be generated over that time. This 
capacity factor is computed over various time scales such as 
years and months for seasonal fluctuations. The capacity 
factor is a dimensionless value given by [41, 43]. 
 

      .                                               (11) 
 
3.5.3 Performance ratio (PR)  
 
The performance ratio (PR) is a parameter which is a 
dimensionless quantity that represents the long-range effect 
of losses on the solar energy output. PR is also calculated in 
different period of time such as monthly or yearly depending 
on the temperature of PV module. PR value varies in 
different seasons based on the sun irradiation incident on the 
PV cells. The performance ratio is defined as [41, 43].  
 

.             (12) 
 
3.6 Performance Simulation  
 

In this study two different simulation software packages 
are used for the comparison of the result obtained from the 
simulation of the proposed solar PV power plant.  
 
3.6.1 PVsyst 
 

PVsyst V7.1.4 is a PC software package for data 
analysis and system design for PV power plants. It has 
different modules for the simulation of grid-connected, 
stand-alone, pumping, and DC-grid PV systems.  It also has 
extensive meteonorm software, PV system component 
database, and solar energy tools. It can be used for both 
preliminary and detailed designs of a PV system. Besides the 
technical analysis, it has a feature to perform the economic 
analysis of a project along with environmental analysis.  We 
have selected a grid-connected module of PVsyst and used 
PVsyst for energy and environmental analyses only.  
 
 
 

3.6.2 PV*SOL 
 
PV*SOL 2020 (R8) is also a software package to design 

PV systems. It has various modules for simulations and 
similar functions as the PVsyst. The energy analysis results 
by PV*SOL are too descriptive to demonstrate them in this 
manuscript. However, the economic analysis by PV*SOL is 
better than that by PVsyst due to the extensive economic 
database in PV*SOL. To have reliable data, we first searched 
the price of each component on the market, defined it 
ourselves, and compared it with the existing database prices. 

4. Results and Discussion 

4.1 Energy Analysis  
 

The energy analysis of the proposed PV power plant 
installed on the rooftop of a campus building shows that it 
can generate 75.9 MWh of electricity annually with a 
specific output of 581 kWh/kWp/year. The normalized 
production per installed kWp of the PV power plant and the 
PR are shown in Figure 4 and Figure 5. The performance 
ratio of the proposed PV power plant is 82.19 % with a solar 
fraction (SF) of 41.59 %, which are good values according to 
several past investigations [44]. The variation of the 
performance ratio is almost negligible, but the smallest value 
of performance ratio is seen in April as shown in Figure 5. 
The daily collection loss in the PV array for each month is 
provided in Figure 4 and its whole year average is obtained 
to be 0.86 kWh/kWp/day. The whole system loss per day of 
each month is also provided in Figure 4 and its whole year 
average is 0.08 kWh/kWp/day; the annual average energy 
produced as an output from the inverter is around 4.33 
kWh/kWp/day. As shown in Figure 4, the average value of 
the energy produced is minimum in July and maximum in 
January, which is closely followed by March and November. 
The minimum energy production in July is due to the rainy 
season and cloudy weather of monsoon that occurs from June 
to August in Nepal; therefore, the minimum production 
months are from June to September.  
  

 
Fig. 4. Normalized energy production of PV power plant 
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Fig. 5. Performance Ratio of PV power plant 
 

Table 3 shows the main results of the simulation using 
PVsyst, where 1924 kWh/m2 is the total global irradiance 
per year available at the proposed campus site and 75.9 

MWh of electricity is produced by the array of solar PV 
panels. Out of the total electricity produced, 38.557 MWh of 
electricity can be injected into the grid from the proposed 
solar PV power plant and 48.451 MWh of electricity is 
supplied to the load at the campus from the grid, while about 
27.452 MWh of electricity is directly supplied from the solar 
PV panels to the load. The solar PV system is designed for 
two purposes. The first one is to export the energy generated 
from the panels to the grid and the second one is to inject the 
energy from the grid for the reliability of higher order as the 
instant output of the solar PV panels depends upon the 
irradiance in the system. The variation in the electricity 
generation from the solar PV power plant cannot be 
predicted due to the variability of the daily solar irradiation 
on panels. The input/output of the global irradiance on a 
daily basis is shown in Figure 6.   

 
Table 3. Main output and results of simulation 

Months 

Global 
incident 
in 
collinear 
plane  
kWh/m²  

Effective 
global 
irradiation  
kWh/m²  

Effective 
energy 
at the 
output of 
the array 
MWh  

Energy 
consumption of 
campus  
MWh  

Solar to 
Load  
MWh  

Energy 
from 
Grid to 
User 
MWh  

Energy 
injected 
into the grid 
MWh 

January  
February  
March  
April  
May  
June  
July  
August  
September  
October  
November  
December  

189.6  
158.0  
188.2  
177.6  
163.3  
140.1  
127.2  
141.5  
137.3  
156.3  
176.9  
167.9  

187.3  
155.9  
185.3  
174.2  
159.8  
136.7  
124.0  
138.3  
134.5  
153.9  
174.9  
165.9  

7.963  
6.514  
7.409  
6.863  
6.343  
5.520  
5.077  
5.635  
5.480  
6.265  
7.190  
7.036  

4.713  
4.496  
5.673  
6.772  
6.498  
7.161  
7.042  
6.664  
5.589  
5.589  
3.040  
2.772  

1.961  
1.847  
2.384  
2.943  
2.875  
2.981  
2.812  
2.730  
2.298  
2.283  
1.230  
1.110  

5.851  
4.547  
4.889  
3.799  
3.357  
2.443  
2.176  
2.808  
3.086  
3.871  
5.827  
5.796  

2.752 
2.649 
3.289 
3.829 
3.623 
4.180 
4.230 
3.934 
3.291 
3.306 
1.810 
1.662 

Year  1924 1890.6 77.296 66.009 27.452 48.451 38.557 
        

 
Fig. 6.  Daily input and output of global irradiance 

 
The panels used in the proposed solar PV power plant 

are 18.08 % efficient, which corresponds to the total 
effective radiation of 1891.6 kWh/m2. The solar PV array of 

48 kWp produces 75.9 MWh of electricity annually 
excluding losses.  

Fig. 7. Loss Diagram 
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There are different types of energy losses in the 
proposed solar PV power plant. The total energy loss in a 
year is about 17.81% of which 1.1% is due to irradiation 
level, 10.8% is due to temperature, 0.4% is due to module 
quality, 2.1% is due to mismatch loss, 1.1% is due to Ohmic 
wiring, 1.8% is due to inverter during operation, and 0.9% is 
due to voltage threshold in the inverter. The complete loss 
diagram is shown in Figure 7. Temperature is the biggest loss 
in the system because of the hot weather conditions on the 
proposed campus site. 

 

 

4.2 Economic Analysis 
 

The economic evaluation of the project is based on the 
cost of system components on the market in Nepal, verified 
in the existing cost data in the PV*SOL library dataset. The 
cost of each component of the system is shown in Table 4. 
The total capital cost for the installation of the proposed solar 
PV power plant of 48 kWp capacity is 36800 USD; the 
system will produce 75.9 MWh of electricity annually. The 
campus will sell 48.5 MWh of electricity to the grid, and the 
remaining 27.5 MWh of electricity will be consumed by the 
campus.   

 
Table 4. Cost of each component for economic analysis 

Item Quantity  Cost  Total (USD) 
1. PV modules CS3K-300P P4 160 120 19200 
2. Supports for Modules 160 15 2400 
3. Inverters (Sunny Tripower 20000TLEE-JP) 2 4000 8000 
4. Other Components    
        Accessories, fasteners 1 1000 1000 
        Wiring 1 1000 1000 
5. Studies and Analysis    
        Engineering 1 600 600 
        Permitting and other admin fees  1 600 600 
        Economic analysis 1 500 500 
        Environment Analysis  1 500 500 
6. Installation    
        Transportation 1 1000 1000 
        Setting 1 1000 1000 
       Grid Connection 1 1000 1000 
7. Maintenance    
        Salaries 1 600 600 
        Reparation 1 600 600 
8. Summary of Cost    
        Total Installation Cost   36800 USD 
        Total Operating and Maintenance Cost   1200 USD/yr 
    

The financial calculation is based on the 20-year economic 
life of the solar PV power plant and the 0.11 USD/kWh feed-
in tariff rate. The levelized cost of energy (LCOE) is 0.016 
USD/kWh, which is a reasonable value for a solar PV power 
plant. The payback period of the power plant is 8.9 years, 

which is also reasonable since a typical solar PV power plant 
has a payback period of more than 8 years [45]. The life 
cycle of the proposed solar PV power plant is twenty years 
from 2022, and the return on investment (ROI) is 224.4 %. 
The summary of our financial analysis is shown in Table 5.

Table 5. Summary of Financial Analysis 
Project Lifetime  20 years 
Feed-in Tariff 0.11 USD/kWh 
Unused Energy 27.5 MWh/yr 
Energy Sold to Grid 48.5 MWh/yr 
Levelized Cost of produced energy (LCOE) 0.016 USD/kWh 
Payback Period 8.9 years 
Net Present Value 82591.23 USD  
Return on Investment (ROI) 224.4 % 
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4.3 Environmental Analysis 

Renewable energy is popular nowadays due to its clean 
energy production without emissions. However, there are 
also emissions associated with renewable energy systems 
such as solar PV power plants.  The emissions from the 
renewable energy system are regarded as indirect emissions; 
there are no direct emissions [46]. The emissions from the 
solar PV power plant occur during the manufacturing of solar 
PV panels and during the manufacturing and disposal of the 
battery bank if it was installed [47].  The CO2 emissions 
during the 30-year life of the proposed project are estimated 
to be 82.25 tonnes, 6.8 tonnes of CO2 emission are replaced, 
and 76.3 tonnes of the CO2 emissions will be balanced 
annually, with the degradation of 1.0% of the solar PV plant. 
The saved CO2 emissions are shown in Figure 8 and the 
system lifecycle emissions are shown in Table 6. 

 
Fig. 8. Saved CO2 emissions vs time. 

 
Table 6.  Life Cycle Emissions from different items of solar PV power plant 

Item Life Cycle Emission Quantity Subtotal (kgCO2) 
Modules 1713 kgCO2/kWp 48 kWp 82211 
Supports 0.02 kgCO2/kg 1600 kg 32 
Inverters 1.98 kgCO2/unit 2 units 3.96 

    

5. Conclusions 

      This study presents the feasibility analysis of a rooftop 
solar PV power plant for a Nepalese educational institution 
to ensure that it is self-sufficient with respect to its electricity 
needs. The technical and economic viability of the proposed 
PV system is assessed by conducting detailed energy, 
economic, and environmental analyses using PVsyst and 
PV*SOL software. PVsyst software enables the better 
presentation of the results than PV*SOL. However, PV*SOL 
software has a huge data set for the economic analysis of a 
PV power plant. Hence, our study uses both software 
packages.  
 

The proposed rooftop solar PV power plant would 
produce 75.9 MWh of clean energy annually based on the 
yearly total horizontal irradiation of 1733.3 kWh/m2 of the 
solar PV panels at Madan Bhandari Engineering College, as 
shown by PVsyst and PV*SOL simulations. The 48 kWp PV 
system consists of 160 300 Wp modules tilted at 30° with 0° 
azimuthal angle. The PV power plant has PR of 82.19 % 
with a specific production of 581 kWh/kWp/year. Among the 
different types of losses in the PV power plant, the 10.8% 
loss due to temperature is the biggest; it can be lowered using 
passive and active cooling methods. The construction of a 
rooftop solar PV power plant on the campus is cost effective 
and also helps in reducing emissions by eliminating 76.3 
tonnes of carbon-dioxide production during the project life.  
 

This solar PV power plant can serve as an exemplary 
project for more than 50 engineering campuses in Nepal and 
will be an ideal opportunity for the campus to support the 
mission of Alternative Energy Promotion Center Nepal of 
promoting grid-connected solar systems in Nepal. It will also 
follow the sustainable development goals of 2030 of the 
United Nations.  
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