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░ ABSTRACT- The emissions of greenhouse gases from conventional power plants are currently a significant cause for 

worry. In China, about 75% of total domestic energy is dependent on coal-fire power, which emits 50% of total SO2 and has a 

significant impact on the human respiratory system. Therefore, solar power plants are a viable option that can mitigate this problem. 

Furthermore, the efficiency of solar modules exhibits a progressive upward trend, while their price per watt experiences a 

corresponding decline, making it a promising source for future energy. This article examines the performance and effectiveness of 

several photovoltaic (PV) modules in designing solar plants on a certain land area measuring 10000 m2 (100 m * 100 m). The PV 

plant performance was evaluated by comparing occupation ratio (OR), PV power capacity, net energy production, performance ratio 

(PR) via PVsyst software, and lastly financial analysis. Consequently, the PV module (PV7), characterized by its high efficiency, 

low temperature coefficients, and affordable price, result in a significant OR (73.81%), increased installed PV power capacity 

(1568kW), enhanced net energy output (2269029 kWh/year), improved yearly PR (83.4%), and lastly, the shortest payback period 

(around two years). Instead of optimizing shadow length in existing research, this paper aims to improve the performance of large-

scale solar farm based on PV module selection which results in less computation and structure installation efforts. 
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░ 1. INTRODUCTION   
The Department of Economic and Social Affairs of the United 

Nations estimates that the global population will increase by 

over 10 billion by 2059 [1]. This indicates the need for an 

abundance of energy in the future. However, nearly all global 

energy sources are non-renewable, contributing to global 

warming through greenhouse gas (GHG) emissions, a concern 

that is gravely endangering human life. In China, about 75% of 

total domestic energy is dependent on coal-fire power, which 

emits 50% of total SO2 and has a significant impact on the 

human respiratory system [2]. Due to environmental concern 

and energy security for sustaining human life, alternative 

energy sources (renewable energy sources) play an important 

role in meeting the needs of global energy demand. Around the 

world, solar energy is clean and abundant, making it a 

promising source for future energy. Additionally, In case of 

Cambodia, the government has set a policy to phase out all coal 

power plants by 2050 and encourage the use of PV power 

instead. [3] reports that between 2017 and 2022, the installed 

solar farm capacity reached 335 MW, which then fed into the 

Cambodian national grid. And, the average solar radiation in 

Cambodia is approximately 5 kWh/m2, which is higher than 

some nations such as Thailand, China, and Germany [4]. The 

development of PV energy application was extended all around 

the world, more than 145,000 home PV systems and more than 

1 GW of PV deployed by US utilities were installed in the US 

in the first half of 2013 [5]. However, installations have not just 

occurred in the US. Further ambitious renewable energy 

programs have also been implemented in Spain, China, Japan, 

Germany, and numerous other nations [6]. Crystalline silicon 

(c-Si) panels, which are among the earliest generation of PV 

panels, account for 95% of all solar PV panels made globally 

[7]. Because silicon, the main component of c-Si, has 

economies of scale over other materials, it is more cost-effective 

and efficient than other materials. The efficiency and power 

output of solar panels have grown dramatically in the last few 

decades. PV panels with mono crystalline and multi crystalline 

structures have average module efficiencies of 14.7% and 

13.2%, respectively, in 2006. Since then, there has been a sharp 

increase in average module efficiency, reaching 17% and 18%, 

respectively. This rising trend is expected to continue until 2030 

[7].  
 

Taking advantage of this, many researchers are interested and 

have done much research on solar cell fabrication technology, 

PV system stability, energy storage system technology, PV 

module degradation, and mounting structure to improve and 
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stabilize solar energy systems. In [8], a planar perovskite solar 

cell could achieve 15.49% efficiency via a low-temperature 

process with brookite TiO2. And [9] the author used the 

combination between a poly-Si cell and an a-Si cell at low 

temperature; consequently, the cell efficiency could reach 12% 

and the temperature coefficient was 0.268%. Another thing is 

that the control algorithm is also the main key to maintaining 

PV system stability. In [10], researchers used modified droop 

control and a virtual synchronous generator (VSG) algorithm to 

observe how well a standalone PV system could maintain its 

transient response. In [11], the author used a virtual 

synchronous generator (VSG) along with hybrid energy storage 

to keep the system frequency stable during changes in PV 

power. This made the overshoot frequency deviation smaller, 

from 50.18 Hz to 50.03 Hz. Currently, short-term installation 

and low maintenance costs [12] have synchronized large-scale 

PV plants to the grid. However, economic growth has led to an 

increase in land costs [13], posing a major obstacle to PV 

installation in large open areas. Therefore, to address this issue, 

the optimization of PV plant performance is developed. Rooftop 

PV systems are an option to save space. Xiagyang et al. [14] 

designed a 43.2 kW grid-connected rooftop PV system to 

optimize power utilization and reduce grid power sales. A dual-

axis PV system that could obtain energy 24.6% greater than a 

fixed PV system is designed in [15]. An optimal voltage 

regulation is proposed in [16] for PV-connected inverter. 

Similarly, method [17] presented a simulation of PV system 

operation in both grid-connected and standalone modes. 

Additionally, [18] have studied the estimation of PV plant 

performance with the optimization of tile angle, and at 15° tile 

angle, the plant performance ratio reached 82%. According to 

[19], the 0.3kW scale of a mirror integrated solar PV system 

(MISPVS) provides a net energy of 30.30% more than that of a 

traditional PV system (TSPVS). Method [20] demonstrated 

how a parabolic trough and Fresnel mirror solar concentrator 

could enhance the power of PV panels by 26.81% and 17.89%, 

respectively. Pravesh et al. [21] conducted a study on improving 

PV panels using back water-cooling tubes, resulting in an 

efficiency increase from 0.5 to 1%. [22] modeled and simulated 

a 1 MW PV power plant in Iraq, while [23] described a suitable 

site selection for a 10 MW PV capacity installation in Saudi 

Arabia. [24] conducted a shading analysis to minimize land 

area, resulting in a 25% increase in PV plant capacity for the 

given land area. But none of the previously mentioned research 

was considered when choosing between various PV module 

options in terms of performance analysis. In addition, [25] 

reported that the best PV panel was chosen for the PV system 

design based on a comparison of electrical, mechanical, 

financial, environmental, and customer characteristics.  

However, the estimation of OR, installed PV capacity, energy 

production, PR, and payback period of the chosen PV modules 

for large-scale PV plant design on a given land area has not yet 

been studied. 
 

The PV plant used in this study was developed using a typical 

mounting structure, with the assumption that the collector 

plane's tile angle would equal the latitude angle. On the other 

hand, the M-shaped mounting structure and shadow length 

analysis have not yet been examined in this paper. 
 

This work aims to improve the performance of large-scale solar 

farms based on eight PV modules selection installed on given 

land area 10000 m2 by comparing OR, installed PV power 

capacity, net energy production, PR, and includes a financial 

analysis via PVsyst software, which results in less calculation 

and structural installation efforts, as compared to optimizing 

shadow length as is the case in previous research. 

 

░ 2. MATERIALS AND METHODS  
This study configures eight selected PV modules with a selected 

grid-tied inverter on a 10000 m2 (100m*100m) land area, with 

the site located at latitude 11.20o and longitude 104.59o. The 

performance of eight selected PV modules is investigated by 

comparing the OR, installed PV power capacity, net energy 

production, and PR. The details of the system design are 

described below: 
 

2.1. Choosing Photovoltaic Modules 
PV modules are crucial components for incorporation into solar 

farms. There is a wide variety of PV modules available on the 

market, varying in types, sizes, costs, and effectiveness. 

Moreover, the price and efficiency of PV modules are the 

primary elements that might enhance the performance of a solar 

farm. Hence, it is imperative to select PV modules 

appropriately. For this investigation, a total of eight PV modules 

were chosen, and their technical information, such as maximum 

power (Pm), maximum voltage (Vm), maximum current (Im), 

open circuit voltage (VOC), short circuit current (Im), 

temperature coefficient of Pm, and dimension, is presented in 

table 1. 
 

2.2. Choosing a Grid-Tied Inverter 
The solar energy is transmitted to the electrical grid by an 

inverter. The research involved selecting a 22kW grid-tied 

inverter to be paired with all PV modules listed in table 1. The 

specific features of the inverter can be found in table 2.  

 

░ Table 1. The specific attributes of the chosen eight photovoltaic modules 

PVModule Sample Pm (W) Vm(V) Im(A) VOC (V) ISC (A) Eff (%) Tem.Coefof Pm (%/oC) Dimension 

PV1 170 19.15 8.88 23.31 9.42 17.14 -0.4 (1480×670) mm2 

PV2 290 32.48 8.93 39.14 9.47 17.12 -0.4 (1650×992) mm2 

PV3 285 31.8 8.97 39 9.48 17.52 -0.39 (1640×992) mm2 

PV4 350 38.1 9.19 46.7 9.68 18.04 -0.39 (1956×992) mm2 

PV5 335 34.02 9.85 41.49 10.49 19.9 -0.37 (1690×996) mm2 

PV6 450 41.4 10.87 50 11.54 20.7 -0.35 (2094×1038) mm2 

PV7 660 37.8 17.46 45.9 18.43 21.27 -0.34 (2383×1302) mm2 

PV8 550 42.1 13.06 50.1 13.9 21.3 -0.35 (2278×1134) mm2 

https://www.ijeer.forexjournal.co.in/
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░Table 2. Specification of a Grid-Tied Inverter 

                                                                                                   DC side/input parameters 

Max. DC power (kW) The MPPT voltage range (V) Max. input current/MPPT (A) 
Number of MPPT 

trackers 

33 413-1100 27 2 

                                                                                                 AC side/output parameters 

AC Power (kW) Voltage (V) Max. Current (A) Efficiency (%) 

22 400 35.5 98 

2.3. Setup of Photovoltaic Modules and an 

Inverter 
2.3.1. Voltage Specification Matching 

Equations (1) and (2) determine the voltage of the PV module 

for temperatures above and below 25 oC, respectively [26]. 

When the ambient temperature is below 25 oC, the cell 

temperature is assumed to be the same as the surrounding 

temperature. For ambient temperatures exceeding 25 oC, the cell 

temperature can be determined by using equation (3). 
 

( )( )o om v STCm at X C X C
V V T T = −  −

      (1) 

( )( )o oOC v STCOC at X C X C
V V T T = +  −

    (2) 

25o

o

aX C
T T C= +

                                  (3) 
 

Where ( )om atX C
V

 and ( )oOC atX C
V

 are the voltage of PV module 

at ambient temperature higher and lower 25 oC respectively, 𝛾𝑣 

is the temperature coefficient, 𝑇𝑋 𝐶⬚
𝑜  is the cell temperature, 

𝑇𝑆𝑇𝐶  is the temperature at the standard test condition (STC), and 

𝑇𝑎  is the ambient temperature. Equations (4) and (5) can be 

used to calculate the minimum and maximum number of PV 

modules that can be connected in series per string, once the 

voltages of the PV modules are determined [27]. 

 

min( )

( )

. /
o

mppt inv

m atX C

V
Min No of module string

V
=

      (4) 

(max)

( )

. /
o

inv

OC at X C

V
Max No of module string

V
=

  (5)  
 

Where𝑀𝑖𝑛𝑁𝑜. 𝑜𝑓𝑚𝑜𝑑𝑢𝑙𝑒/𝑠𝑡𝑟𝑖𝑛𝑔is minimum number of PV 

modules per string,𝑉𝑚𝑝𝑝𝑡(𝑖𝑛𝑣𝑚𝑖𝑛
is minimum mppt voltage of 

inverter, 𝑀𝑎𝑥𝑁𝑜. 𝑜𝑓𝑚𝑜𝑑𝑢𝑙𝑒/𝑠𝑡𝑟𝑖𝑛𝑔 is maximum number of 

PV modules per string, and 𝑉𝑖𝑛𝑣(𝑚𝑎𝑥) is maximum input voltage 

of inverter.  
 

2.3.2. Current Specifications Matching 

It is important to ensure that the current of the PV string does 

not surpass the current of the inverter, based on the information 

provided in Table 1 and 2. The number of photovoltaic (PV) 

strings per inverter can be determined by dividing the total input 

current of the inverter by the total current per PV string. 
 

2.3.3. Matching Power of Photovoltaic Modules to the 

Power Rating of Inverter 

Generally, the inverter achieves its highest efficiency when the 

power of the PV array is close to the power rating of the 

inverter. Therefore, the total power of PV modules per inverter 

can be determined by multiplying the total number of PV strings 

by the rated power of the PV modules connected in series per 

string. 
 

2.4. Row Spacing Computation 
Optimizing the land area in solar farm design is crucial for 

increasing the installed PV power capacity, and reducing the 

row spacing length can enhance land utilization for PV 

installation. However, the reduction in row spacing length must 

ensure that the PV strings escape from the shadow, as illustrated 

in figure 1, and the shadow length and row spacing can be 

calculated by equations (6) through (8) [19]. 
 

di = H/ tan( α(min))   (6) 
 

Where 𝑑𝑖  is shadow length, 𝛼(𝑚𝑖𝑛)  is altitude, and 𝐻 is the 

height of the PV module, the height of the PV module can be 

calculated by equation (7). 

 

H = l × sin β   (7) 
 

Where 𝑙 is the PV module length. And the row spacing can be 

calculated by equation (8). 

 

di(min) = di × cos( 180o − AZi)   (8) 
 

Where 𝑑𝑖(𝑚𝑖𝑛) is row spacing, and 𝐴𝑍𝑖  is the azimuth angle. 

Additionally, according to figure 2, the lowest altitude occurs 

on December 22nd. Therefore, this date is used to define the 

azimuth (116.22o) and altitude (9.08o). 

 
Figure 1. Side view of the PV string with shadow length 

 

https://www.ijeer.forexjournal.co.in/
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Figure 2. Sun path throughout the year 

 

2.5. Performance Evaluation 
Occupation ratio (OR) is defined by active PV modules area 

(𝑆𝑃𝑉) on given land area (𝑆) as represent in equation (9) [19]. 
 

𝑂𝑅 =
𝑆𝑃𝑉

𝑆
   (9) 

 

The total daily (𝐸𝐷) and monthly (𝐸𝑀) energy production of PV 

plant are depicted in equation (10) and (11) respectively [25]. 
 

ED = ∑ Et
t=24
t=1    (10) 

 

EM = ∑ ED
n
D=1      (11) 

 

Where t is the hour of the day and N is the day number of the 

months. 

 

The Performance Ratio (PR), a ratio between net energy 

production (𝐸𝑔𝑟𝑖𝑑) and theoretical energy production (𝐸𝑃𝑉) of 

PV plants as defined in equation (12)[24]. 
 

𝑃𝑅 =
𝐸𝑔𝑟𝑖𝑑

𝐸𝑃𝑉
   (12) 

 

░ 3. RESULTS AND DISCUSSIONS 
PVsyst software is used in this study to evaluate the 

performance of eight selected PV modules. The system 

performance analysis is based on a comparison of OR, installed 

PV power capacity, net energy production, and, finally, PR. 

However, the financial analysis only considers the cost of PV 

modules, grid tie-inverters, land, and lastly selling energy. 
 

3.1. Potential of Solar Radiation 
Solar radiation is a key indicator of solar energy sources' 

potential. According to simulation result of PVsyst software, in 

figure 3 shows the monthly solar radiation on the collector plane 

(at tilt angle 10o) throughout the year at the side location study, 

and the yearly average solar radiation is approximately 4.755 

kWh/m2/day, which is a potential value for photovoltaic system 

applications for site location. 
 

 
 

Figure 3. Solar radiation on the collector plane at tile angle 10o 

 

3.2. Occupation Ratio and Installed PV Power 

Capacity 
The occupation ratio (OR) is a ratio between the active area of 

modules on a given land area (10000 m2). According to the 

technical data in table 1, PV7 has the highest efficiency 

(21.27%), leading to the highest value of OR (73.81%), whereas 

for the other seven PV modules, the value of OR is below 66%, 

as depicted in figure 4(a). As a result, the PV7 selection has the 

greatest potential to increase the effectiveness of given land area 

utilization. 
 

 
(a) 

 

 
 

(b) 

Figure 4. Comparison of occupation ratios and PV power capacity: 

(a) Comparison of occupation ratios for all PV modules; (b) 

Comparison of installed PV power capacity for a given land area of 

10000 m2 

 

https://www.ijeer.forexjournal.co.in/
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In this paper, the effectiveness of the given land area utilization 

is considered. Figure 4(b) presents a comparison of installed PV 

power capacity based on PVsyst software. For a given land area 

of 10000 m2, PV7 has the highest installed PV power capacity 

of 1568 kW, which is 43.32% greater than PV1's lowest 

installed PV power capacity (1094 kW). 
 

3.3. Net Energy Production 
Based on PVsyst's simulation results, figure 5 compares the net 

energy production of all PV modules (PV1 through PV8). PV7, 

with its high installed PV power capacity and low temperature 

coefficient of Pm, can achieve the highest monthly output 

energy and a total of 2269029 kWh/year. 
 

 
 

Figure 5. Comparison of monthly net energy production of all PV 

modules 
 

3.4. Performance Ratio 
The percentage of PR shows the partial energy production of 

solar farms ejected into the grid after energy loss deduction, and 

generally, the high quality of solar farm performance should 

have a PR above 80% [28]. Figure 6 shows the monthly PR for 

all PV modules via PVsyst software. PV7 has the highest 

monthly PR, accounting for 83.4% of the yearly PR. It is evident 

that PV7 has a higher ability to transfer net energy production 

to grid utilization compared to the other PV modules. 
 

 
 

Figure 6. Comparison of monthly performance ratios of all selected 

PV modules 

3.5. Financial Analysis 
In the case of financial analysis, only the cost of PV modules, 

grid tie inverter, land, and selling energy are considered and 

depicted in table 3. Figure 7 provides a final analysis of the 

system's cash flow. PV7 has a payback period of approximately 

2 years, which is shorter than that of the other 7 PV modules, 

which have a payback period exceeding 2 years. And after the 

third year, PV7 provides the highest benefit compared to the 

other 7 PV modules because PV7's low cost and high energy 

generation contribute to its effectiveness. 
 

░ Table 3. System component cost 
 

                                        PV module cost [$/W] 

PV1 PV2 PV3 PV4 PV5 PV6 PV7 
PV

8 

0.2 
0.17

1 
0.139 0.139 0.226 0.144 0.13 0.19 

                                  Grid tie inverter cost [$/unit] 

                                                     2075 

                                             Land cost [$/m2] 

                                                     10 

                                     Selling energy cost [$/kWh] 

                                                        0.091 

 

 

 
 

Figure 7. Cash flow of all selected PV modules 

 

░ 4. CONCLUSIONS 
In this article, the author only focuses on the performance 

comparison of eight selected PV modules for solar farm design 

on given land area 10000 m2, such as OR, installed PV power 

capacity, PR, net energy production, and financial analysis. 

Consequently, the PV modules (PV7), characterized by their 

high efficiency, low temperature coefficients, and affordable 

price, result in a significant OR (73.81%), increased installed 

PV power capacity (1568kW), enhanced energy output 

(2269029 kWh/year), improved yearly PR (83.4%), and lastly, 

the shortest payback period (around two years). as a conclusion, 

three parameters (efficiency, temperature coefficients, and 

price) of PV module are the key point to improve PV plant 

performance and cost effectiveness. However, the mounting 

structure analysis has not been studied yet in this paper. 

Therefore, the shadow length analysis and M-shape structure 

https://www.ijeer.forexjournal.co.in/
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will be conducted in this study for future work in order to 

optimize the PV plant more effectively. 
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