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Abstract

The rises in the world population and energy demand have
encouraged the scientific researchers to investigate the
renewable energies’ potential, practically solar energy in the
world. The solar rooftop photovoltaic system is considered as
a possible source for electricity generation for small
households. Therefore, the aim of this study is to investigate
the feasibility of on-grid photovoltaic (PV) system for Civil
and Environmental Engineering faculty in Near East
University. This study is focused on the use of PVGIS as
simulation tool to analyze the performance of 110kW PV
system and compared the performance of different PV
technologies based on performance ratio, capacity factor and
energy cost. Moreover, the effect of inclination angles on the
performance of PV systems has been discussed. The results
showed that the annual performance ratio was varied from
74.47% to 77.70% and their energy yields were ranged from
1653.64 kWh/kWp (CIS module) to 1725.45 kWh/kWp
(CdTe module). Between these three types of PV systems
considered here, CdTe PV system has the higher performance
ratio with more than 75%. Consequently, this system can be
help to reduce the green gas emissions and supply electricity
to the Near East University.

Keywords: Grid-connected; Near East University; PV

system; PV technologies; simulation tool

1. INTRODUCTION

Solar energy is an emission free energy source and it is
considered as significant renewable source to reduce the fossil
fuel consumption. The key benefit of solar energy is to avoid
carbon dioxide emissions [1]. Solar system is based on
converting sunlight into electricity directly using photovoltaic
(PV) panels. Solar PV system is used effectively for meeting
the electricity demand in many countries particularly having
constant fluctuations in supply of grid electricity [2]. Solar PV
energy generation is utilized by using solar modules
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consisting of a number of solar cells containing a photovoltaic
material. The grid-connected PV systems and stand-alone PV
systems are the most widely used configurations among all
types of PV systems][3].

Various studies have been investigated the PV system
performance. Dondariya et al., [4] examined the feasibility of
on-grid rooftop PV system for small household building in
India using four-simulation software. Moreover, Charfi et al.,
[5] studied experimentally the performance of PV system with
different inclination angles. Shukla et al. [6] investigated the
feasibility of on-grid rooftop PV system for residential hostel
building at MANIT using Solargis PV Planner software.
Lastly, Kumar et al. [7] analyzed the feasibility of developing
a solar PV plant at two different campuses of University
Malaysia Pahang (UMP) using PVGIS and PV Watts
simulation tools.

The global energy demand is rapidly increased because of the
growth in the population, along with consumption of fossil
fuel [8]. Due to that reasons, the significance of using
renewable energy as alternative source; particularly solar
energy for electricity generation in North Cyprus to reduce
greenhouse gas emissions (GHG) is increased in recent years.
Numerous studies have been conducted to investigate the
solar potential in North Cyprus. Kassem et al. [9] assessed the
economic feasibility of 12MW on-grid wind farms and PV
plants for producing electricity at Kyrenia and Nicosia in
North Cyprus. It has been concluded that PV plants are the
most economical option compared to wind farms for
generating electricity in the selected regions. Kassem and
Gokgekus [10] conducted a techno-economic evaluation of a
proposed 1MW on-grid PV power plant in the town of Lefke
(Lefka). The results obtained from the analysis showed that, a
PV plant could be used as a viable alternative for reducing the
GHG emissions in North Cyprus and generating electricity
from renewable energy sources.

In this regard, the current paper aims to describe the solar
potential at Near East University in North Cyprus. In order to
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carry out the study, PVGIS simulation software is used to
evaluate the performance of 110kW on-grid rooftop PV
system for given location. In addition, three different PV
technologies (crystalline silicon PV modules, Copper Indium
Selenide (CIS) PV modules and Cadmium telluride (CdTe)
PV modules) are compared in order to select the best
photovoltaic technology for area based on the simulation
results. Moreover, the effect of inclination angles on the
performance of PV systems has been discussed.

2. MATERIAL AND METHOD
2.1 Location details

Cyprus is the third biggest island in the Mediterranean Sea,
and the climate of Cyprus is a typical Mediterranean climate.
Climate conditions on the island vary by geographical factors.
Being a small Mediterranean Island, currently there is not any
electrical interconnection with neighbouring countries.
Therefore, the energy demands of the northern part of Cyprus
need to be satisfied by a local generation of power. Education
is considered as the major derivers of economic development

30,000 -

25,000 -

20,000 -

15,000

Number of student

10,000

5,000

0

to become more advanced by improving production processes,
standards of living, efficiency levels and economic growth
[11, 12]. Education, one of the most important ingredients of
human capital is considered as an important determinant of
sustainable economic growth [13].

According to North Cyprus State Planning Organization, there
are 16 universities established in North Cyprus. In addition,
Eastern Mediterranean  University (1979-1980), Girne
American University (1985-1986), Near East University
(1988-1989) and European University of Lefke (1990-1991)
are the oldest of these universities in North Cyprus. The total
student numbers in these universities are shown in Figure 1.

Geographically, Near East University is located in Nicosia,
which is the biggest among other universities in Nicosia,
North Cyprus. Figure 2 shows the location of the studied town
considered in this study. The description of the explored area
in terms of longitude, latitude, and altitude is tabulated in
Table 1.
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Figure 1. Number of students in the oldest universities in North Cyprus
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Figure 2. Location of the campus area adopted for the study

Table 1. Information of the studied towns

Location Longitude (°E)

Latitude (°N)

Total number of student

Near East University 35.228

33.322

25000 students

2.2 System description

The description of the 110kW rooftop system adopted for this

study is illustrated in Table 2.

The system is a fixed stand type and can be able to power for
the university sufficiently. The components of the on-line

solar PV plants are shown in Figure 3.

Table 2. Description of 110kW rooftop system

Installed power 110kW
Type of modules Variable
Averaged frame PV model area 2 m?

Mounting system Fixed mounting, free standing

Optimum Azimuth/slope Variable
Availability 95%
DC/AC losses 5.0% / 2.0%
Area required 800m?
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Figure 3. Components of on-grid PV system [14]

2.3 Energy yield and performance ratio

Energy yield and performance ratio of the system are the most
important parameters to estimate the performance of the PV
system, which depends on solar radiation and energy
production under the operating conditions. They are expressed

as below;
. EPV,AC
Energy Yield = ———— (€Y
max,G,STC
. Eyc
Performance ratio = (2)

Epc X Irradiation
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where E,. is energy output, E is the nameplate D.C power horizontal irradiation and direct normal irradiation are varied
obtained in standard test condition. from 76.94 to 247.58 kWh/m? and 106.00 to 259.58 kWh/m?,
respectively. While, the maximum solar irradiation is recorded
in July, the minimum global horizontal irradiation and direct
3. DISCUSSION AND RESULTS normal irradiation are obtained in December and January,
respectively. In addition, it is noticed that the highest and
lowest averaged monthly temperature is recorded in August
The data of irradiation and temperature obtained from PVGIS (27.97°C) and January (13.79°C).
are illustrated in Figure 3 and tabulated in Table 3. The global

3.1 Solar irradiation and averaged temperature
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Figure 3. Monthly variation of solar irradiation and averaged temperature

Table 3. Solar irradiation in kWh/m? and air temperature in °C

irradiation irradiation
January 80.608 106.000 0.442 13.792
February 100.033 115.167 0.416 14.008
March 154.583 163.000 0.365 15.667
April 185.167 176.000 0.354 17.875
May 215.083 204.333 0.322 20.942
June 239.667 244,167 0.266 24.800
July 247.583 259.583 0.247 27.342
August 224.750 242.000 0.258 27.967
September 177.917 202.333 0.283 26.250
October 137.250 167.667 0.326 22.983
November 99.425 141.500 0.350 19.142
December 76.942 110.583 0.422 15.617
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3.2 Estimated energy production for different PV
technologies

In general, the global solar irradiation does not depend on the
PV technologies. Therefore, the global irradiation for
optimum slope angle (31°) and azimuth angle (0°) at the Near
East University is presented in Figure 4. It is found that the
maximum and minimum solar radiation potential at the
selected university is achieved in July (230 kWh/m?) and
January (122 kwWh/m?), respectively.

Furthermore, the variation of electricity production from the
given system for the optimum slope and azimuth angles is
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illustrated in Figure 5. It is observed that the maximum
electricity generated in July, which is 18600kWh (crystalline
silicon and CIS PV modules) and 19600kWh (CdTe PV
module). In addition, it is noticed that the monthly electricity
production by CdTe PV modules is higher compared to
crystalline silicon and CIS PV modules at the optimum slope
angle (31°) and azimuth angle (0°).

The annual global irradiation and electricity production from
the given system for different PV technologies is summarized
in Table 4.
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Figure 4. Monthly in-plane irradiation at Near East University
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Figure 5. Monthly electricity production for different PV technologies
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Table 4. Annual solar electricity generation

PV technologies Crystalline silicon CISs CdTe
PV energy production [kWh] 184000 182000 1900000
in-plane irradiation [KWh/m?] 2180 2180 2180
Changes in output due to
Angle of incidence [%] -2.6 -2.6 -2.6
Spectral effects [%] 0.4 0 0.7
Temperature and low irradiance [%] -8.6 -9.5 -6.1
Total loss [%] -23.2 24.2 20.8

3.2 Performance ratio and capacity factor

The monthly variation of energy production, performance
ratio and capacity factor for three PV technologies are plotted
as shown in Figure 6. Moreover, the annual energy
production, energy yield, performance ratio, capacity factor
and energy cost are tabulated in Table 5. It is observed that the
energy yields are ranged from 1653.64 kWh/kWp (CIS
module) to 1725.45 kWh/kWp (CdTe module). Additionally,
the performance ratio is within the range of 74.47-77.70%.
Moreover, CdTe PV technologies shows better performance
in terms of annual energy production and capacity factor
compared to other PV technologies. This may be due to lower
temperature coefficient and capture losses of these
technologies (Table 4).
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3.3 Impact of tilt angle on fixed system

In this study, the effect of tilt angle on the electricity
production and solar irradiation is investigated. Based on
PVGIS simulation tools, the optimum tilt and azimuth angles
for given system is 31° and 0°, respectively. In the current
study, the tilt angle is varied from 20° to 43° in order to
investigate the variation of energy production and solar
irradiation for given system. Table 7 shows the variation of
energy production with some selected tilt angles by PVGIS
simulation tools. The results show that the annual energy
production with optimum angles is 184300 kWh (Crystalline
silicon module), 181900 kwWh (CIS module) and 189800 kwWh
(CdTe module).
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Figure 6. Variation of PV electricity production, performance ratio and capacity factor of the system for different PV
technologies; (a) Crystalline silicon, (b) CIS and (c) CdTe.
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Table 6. Annual average electricity production and average performance ratio at optimum tilt angle (31°)

Annual average Enerav outout Average Average
PV technologies electricity [kV\/gﬁ//kWp] performance capacity factor
production (KWh) P ratio [%6] (%]
Crystalline silicon 184300 1675.45 75.45 19.13
CIs 181900 1653.64 74.47 18.88
CdTe 189800 1725.45 77.70 19.70

Table 7. Estimated energy production by each fixed array panels with optimum tilt angle and some
selected tilt angle for different PV technologies

PV technology: Crystalline silicon module

22 31 39
Month Em Hm Em Hm Em Hm
January 10200 112 11000 122 11600 128
February 11400 128 12100 135 12500 139
March 15800 180 16200 185 16300 186
April 16800 197 16600 195 16200 191
May 17800 213 17100 206 16300 196
June 18700 229 17800 218 16700 205
July 19400 241 18600 230 17500 218
August 18800 233 18500 229 17900 221
September 16500 202 16800 205 16700 204
October 14600 173 15300 182 15700 186
November 12200 139 13300 151 13900 159
December 10000 112 11000 123 11700 130
Annual 182200 2159 184300 2181 183000 2163
PV technology: CIS
22 31 39
Month Em Hm Em Hm Em Hm
January 9830 112 10700 122 11200 128
February 11100 128 11800 135 12200 139
March 15500 180 15900 185 16000 186
April 16600 197 16400 195 16100 191
May 17600 213 17000 206 16200 196
June 18700 229 17800 218 16700 205
July 19400 241 18600 231 17500 218
August 18800 233 18400 229 17800 221
September 16400 202 16600 205 16500 204
October 14400 173 15100 182 15500 186
November 11900 139 12900 151 13500 159
December 9700 112 10700 122 11300 130
Annual 179930 2159 181900 2181 180500 2163
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PV technology: CdTe

22 31 39
Month Em Hm Em Hm Em Hm
January 10000 112 10900 122 11500 128
February 11400 128 12100 135 12500 139
March 15900 180 16400 185 16500 186
April 17200 197 17000 195 16600 191
May 18400 213 17700 206 16900 196
June 19700 229 18600 218 17400 205
July 20600 241 19700 231 18500 218
August 20000 233 19600 229 18900 221
September 17400 202 17700 205 17600 204
October 15000 173 15800 182 16200 186
November 12400 139 13500 151 14300 159
December 9910 112 10900 122 11600 130
Annual 187910 2159 189900 2181 188500 2163
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