
 

 
  Journal of Engineering  

journal homepage: www.joe.uobaghdad.edu.iq 

Number 10    Volume 25  October  2019 

 
 

 

*Corresponding author 

Peer review under the responsibility of University of Baghdad. 

https://doi.org/10.31026/j.eng.2019.10.01 

2520-3339 © 2019 University of Baghdad. Production and hosting by Journal of Engineering. 

This is an open access article under the CC BY-NC license http://creativecommons.org/licenses/by-nc/4.0/). 

Article received: 24/9/2018 

Article accepted: 8/1/2019 

 1 

Mechanical and Energy Engineering 
 

Characterization Performance of Monocrystalline Silicon Photovoltaic 

Module Using Experimentally Measured Data 
 

  Mena Safaa Mohammed* Emad Talib Hashim 

College of Engineering – University of Baghdad College of Engineering – University of Baghdad 

Baghdad, Iraq Baghdad, Iraq 

email: mena.safaa16@yahoo.com email: EmadT@coeng.uobaghdad.edu.ig 
ABSTRACT 

Solar photovoltaic (PV) system has emerged as one of the most promising technology to generate 

clean energy. In this work, the performance of monocrystalline silicon photovoltaic module is 

studied through observing the effect of necessary parameters: solar irradiation and ambient 

temperature. The single diode model with series resistors is selected to find the characterization of 

current-voltage (I-V) and power-voltage (P-V) curves by determining the values of five parameters 

(𝐼𝑃ℎ,𝐼𝑆,𝐼𝑟𝑠,𝑅𝑆ℎ,𝐴). This model shows a high accuracy in modeling the solar PV module under 

various weather conditions. The modeling is simulated via using MATLAB/Simulink software. The 

performance of the selected solar PV module is tested experimentally for different weather data 

(solar irradiance and ambient temperature) that is gathered from October 2017 to April 2018 in the 

city of Baghdad. The collected data is recorded for the entire months during the time which is 

limited between 8:00 AM and 1:00 PM. This work demonstrates that the change in a cell 

temperature is directly proportional with the PV module current, while it is inversely proportional 

with the PV module voltage. Additionally, the output power of a PV module increases with 

decreasing the solar module temperature. Furthermore, the Simulink block diagram is used to 

evaluate the influence of weather factors on the PV module temperature by connecting to the 

MATLAB code. The best value from the results of this work was in March when the solar 

irradiance was equal to 1000 W/m2 and the results were: 

Isc,exp=3.015, Isc,mod=3.25 , RE=7.79 and Voc,exp=19.67 ,Voc,mod=19.9 ,RE=1.1 

Keywords:  solar PV, solar irradiance, monocrystalline silicon photovoltaic module, MATLAB/  

 

الخمسة لوحدة الطاقة الشمسية الكهروضوئية أحادية البلورية  املاتلأداء نموذج المع ةراسة توصيفيد

 باستخدام بيانات مقاسة تجريبيا  
 

 مينا صفاء محمد* عماد طالب هاشم

 ϣЂϹзлЮϜ ϣуЯЪï ПϠ ϣЛвϝϮϸϜϹ   ϣЂϹзлЮϜ ϣуЯЪï ϸϜϹПϠ ϣЛвϝϮ 

 ϸϜϹПϠ- ФϜϽЛЮϜ  ϸϜϹПϠ- ФϜϽЛЮϜ 

 الخلاصة

 ϣуϚнЎмϽлЫЮϜ ϣуЃгЇЮϜ ϣЦϝГЮϜ аϝЗж ϾϽϠ ϣуҶЃгЇЮϜ ϢϹҶϲнЮϜ ̭Ϝϸϒ ϣҶЂϜϼϸ ϥҶгϦ .ϣҶУуЗзЮϜ ϣҶЦϝГЮϜ ϹуЮнϧЮ ϢϹКϜнЮϜ ϤϝузЧϧЮϜ ϽϫЪϒ ев ϢϹϲϜнЪ

ϣтϼнЯϡЮϜ ϣтϸϝϲϒ ϣужнЫуЯЃЮϜ ϣуϚнЏЮϜ  ϢϼϜϽҶϲ ϣҶϮϼϸм сҶЃгЇЮϜ ИϝЛҶІϖ :ϝҶгк еуҶглв еуЯвϝҶЛв ϽуϪϓҶϦ ϣҶЗϲыв ЬыҶ϶ еҶв ЭҶгЛЮϜ ϜϻҶк сТ

ϠϽгЮϜ ϤϝвмϝЧгЮϜ Йв сϚϝзϫЮϜ аϝгЋЮϜ ϬϺнгж ϼϝуϧ϶Ϝ бϧт .БуϳгЮϜϹҶлϯЮϜ Ϥϝузϳзв СуЊнϦ ϸϝϯтш ЭЃЯЃϧЮϝϠ ϣАн-ϹҶлϯЮϜ м ϼϝҶуϧЮϜ- ϣҶЦϝГЮϜ
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.ϣЃгϷЮϜ ϣуЃгЇЮϜ ϢϹϲнЮϜ ϽутϝЛв буЦ ϹтϹϳϦ Ьы϶ ев  ϣуϚнҶЎмϽлЫЮϜ ϣуҶЃгЇЮϜ ϣҶЦϝГЮϜ ϢϹҶϲм ϣҶϮϻгж сҶТ ϣҶуЮϝК ϣҶЦϸ еуҶϡт ϬϺнҶгзЮϜ ϜϻҶк

ϞыϦϝҶгЮϜ ϭвϝҶҶжϽϠ аϜϹϷϧҶЂϝϠ ϣҶҶϮϻгзЮϜ ϢϝҶЪϝϳв бϧҶҶт .ϣҶУЯϧϷгЮϜ ЁҶҶЧГЮϜ РмϽҶД ϥҶϳϦ-ЩзЮнугҶҶЃЮϜ ϣуϚнҶҶЎмϽлЫЮϜ ϢϹҶϲнЮϜ ̭Ϝϸϒ ϼϝҶҶϡϧ϶Ϝ бҶϦ .

 ϽϠнҶϧЪϒ еҶв ϝҶлЛгϮ бϧҶт сϧЮϜм ϣГуϳгЮϜ ϢϼϜϽϳЮϜ ϣϮϼϸм сЃгЇЮϜ ИϝЛІшϜ буЦ ев ϸϹϳв оϹв сТ ϝ̯уϡтϽϯϦ  ϣуЃгЇЮϜ2017  ЭҶтϽϠϒ пҶЮϖ

2018 .ϸϜϹПϠ ϣзтϹв сТ  еуҶϠ ϢϸϹҶϳгЮϜ ϣҶузвϿЮϜ ϢϽҶϧУЮϜ ЬыҶ϶ ϢϼϝҶϧϷгЮϜ ϽлІчЮ ϝлЛгϮ сϧЮϜ ϤϝжϝуϡЮϜ етмϹϦ бϦ8:00  пҶЮϜ ϝ̯ϲϝϡҶЊ1:00 

 ϣуϚнҶЎмϽлЫЮϜ ϣҶЦϝГЮϜ ϢϹҶϲм ϼϝуϦ ϣгуЦ Йв ϝ̯тϸϽА ϟЂϝзϧт ϣуЃгЇЮϜ ϣЦϝГЮϜ ϢϹϲм ϢϼϜϽϲ ϣϮϼϸ сТ ϽууПϧЮϜ дϒ ЭгЛЮϜ Ϝϻк ϱЎнт .̯̭ϝЃв

 ЙҶв ϣуϚнҶЎмϽлЫЮϜ ϢϹҶϲнЮϜ еҶв ϣҶϯϧзгЮϜ ϣҶЦϝГЮϜ ϸϜϸϿҶϦ ̪ ЩҶЮϺ пҶЮϖ ϣТϝҶЎшϝϠ .сϚϝҶϠϽлЫЮϜ ϹҶлϯЮϜ ϢϹҶϲм ϣҶгуЦ ЙҶв ̯ϝуҶЃЫК ϟЂϝзϧт ϝгзуϠ ̪

ϝУϷжϜ.ϣуЃгЇЮϜ ϢϹϲнЮϜ ϢϼϜϽϲ ϣϮϼϸ Ќ  пҶЯК ϣҶтнϯЮϜ ЭҶвϜнЛЮϜ ϽуϪϓϦ бууЧϧЮ ЩзЮнугЃЯЮ  бугЋϧЮϜ БГϷв аϜϹϷϧЂϜ бϧт ̪ЩЮϺ пЯК ϢмыК

ϞыϦϝгЮϜ ϭвϝжϽϡϠ БϠϽЮϜ ХтϽА еК ϣуϚнЎмϽлЫЮϜ ϢϹϲнЮϜ ϢϼϜϽϲ ϣϮϼϸ. ϝҶлуЯК ЬнҶЋϳЮϜ бҶϦ ϣҶϯуϧж ЭҶЏТϜ  сҶТ ϢϼнЪϻҶгЮϜ ϭϚϝҶϧзЮϜ еҶв

ЮϜϣЂϜϼϹ  ИϝЛІъϜ ϩуϲ ϼϜϺϜ ϽлІ сТ сЃгЇЮϜ1000 а/АϜм2ск : 

 Isc,exp= 3.015,  Isc,mod=3.25 , RE=7.79 

&Voc,exp=19.67 , Voc,mod= 19.9 , RE=1.1   

-: ϞыϦϝв ̪ ϣтϼнЯϡЮϜ ϣтϸϝϲϒ ϣужнЫуЯЃЮϜ ϣуЃгЇЮϜ ϣЦϝГЮϜ ϢϹϲм ̪ сЃгЇЮϜ ИϝЛІшϜ ̪ ϣуЃгЇЮϜ ϣуϚнЎмϽлЫЮϜرئيسيةالكلمات ال

ЩзЮнугЂ. 

1. INTRODUCTION 

The rapid growth in electricity demand around the world, especially in advanced countries, due to 

perturbed increases in population, urbanization, and industrialization. Most of the world's produced 

electrical power is generated by burning fossil fuels or using other conventional energy sources. 

Tremendous emissions of greenhouse gas and depleting in fossil fuel resources represent the 

challenging issues which induce the entire world to find more clean and sustainable energy sources. 

Consequently, solar energy offers a successful alternative solution for the existing problems which 

are accompanied by the traditional power plants operation because it is considered as a renewable 

and clean source. Solar photovoltaic energy is one of the most significant technologies which can 

convert solar irradiance directly to electricity with pollution free, fuel-free, and less maintenance. 

Thus, there is a necessity to study the performance of a solar photovoltaic system through modeling 

a solar module, which is consisted of the combination of solar cells. This modeling is important to 

trade-off among the operation conditions (e.g., solar irradiance intensity, temperature, wind flow 

rate, etc.) to maximize the efficiency of a PV module along with reducing its cost, Mrabti, et al., 

2009, Tsai, 2010, Dubey, et al., 2013, Schwingshackl, et al., 2013, and Bouraiou, et al.,  2015. A 

solar cell is fabricated as a thin layer from semiconductor material (with p-n junction). A photon 

current is generated. When the solar cell is exposed to sunlight, a photon current is generated due to 

the increase in photon energy than the band gap energy, Walker, 2001. To simplify the concept of 

the modeling of the photovoltaic module, the performance comparison between the solar cell with 

series resistance model and the ideal solar cell model has been carried out under the effect of solar 

radiation change, temperature, series resistance, and diode ideality factor. The series resistance 

model for the solar cell showed a more actual performance for the photovoltaic system, Bikaneria, 

et al., 2013.  The insolation-oriented PV model has been developed. This model was performed 

using MATLAB/Simulink software to analyze and optimize the PV power system through solar 

irradiance and ambient temperature. The influence of solar irradiation on cell temperature was 

studied to find the output current and output power characteristics. The experimental measurements 

were used to verify the proposed model, Tsai, et al., 2008, Tsai, 2010, Ding, et al., 2012, Sharma, 

et al., 2015. The various MATLAB models for a photovoltaic system were proposed depending on 

the one-diode model, the two-diode model and the circuit-based simulation model for a PV cell to 

understand the I-V and P-V characteristics of a solar PV module ,Ishaque, and Salam, 2011 

,Pukhrem, 2013, Azzouzi, et al., 2014, Bouraiou, et al., 2015, Mahmood, and Selman, 2016. A 
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solar PV panel is considered a nonlinear power source that requires precise identification for the 

optimal operating point. Therefore, modification of the solar cell SIMULINK model was shown 

that it is better for the solar PV system operates at its maximum power output for economic 

purposes, Husain et al., 2012. The nonlinear current-voltage and power-voltage characteristics 

curves for a photovoltaic module have been obtained by using embedded MATLAB function with 

various values of solar cell temperature and solar irradiation. The effect of the series resistance was 

included, while the influence of the parallel resistance was neglected, Vimalarani, and Kamaraj, 

2015 while the single diode model with both series and parallel resistors has been selected for better 

accuracy, Zerhouni, et al., 2010, Bellia, et al., 2014. The main models which are used for a 

photovoltaic cell/module ar one-diode model, two-diode model, and empirical model. The empirical 

model is the most used due to its simplicity and limited parameters. Though the accuracy of the 

two-diode model, it is not used due to its complexity. The one-diode model is more proper because 

it considers all the necessary parameters for an accurate model of a PV system. There are four major 

parameters:  shunt resistance, series resistance, ideality factor and reversed saturated current, which 

has different values based on the preceding models, Aly, and El-Aal, 2005, González-Longatt, 

2005, Altas, and Sharaf, 2007,Sera, et al., 2007, Houssamo, et al., 2010, El Tayyan, 2011, 

Wang, et al., 2011, Ramos-Hernanz, et al., 2012. Experimental simulations were carried out to 

assess the solar PV performance characteristics in Iraq along with determining the gained energy 

from solar PV collector, Al-Najjar, 2013, Al-Najjar, 2015. In this work, the effect of two factors 

such as solar irradiance and ambient temperature on the performance of the monocrystalline silicon 

photovoltaic module is studied theoretically (mathematical modeling in MATLAB –SIMULINK) 

and experimentally (measured data). Additionally, the single diode model with a series resistor is 

selected to find the characterization of current-voltage and power-voltage curves by determining the 

values of five parameters (𝐼𝑃ℎ,𝐼𝑆,𝐼𝑟𝑠,𝑅𝑆ℎ,𝐴) for more accuracy. 

 

2. EXPERIMENTAL WORK and PRACTICAL MEASURED DATA  

    of PHOTOVOLTAIC MODULE  
The monocrystalline silicon photovoltaic module is selected for this study. The general 

characteristics of the solar module are shown in Table 1. The process of calibration in(energy 

laboratory, Department of Energy Engineering, College of Engineering) in October month for the 

module is carried out based on standard instructions of the manufacturer and standard testing 

conditions (STC). These conditions are solar irradiance (1000 W/m2) and cell temperature (25oC). 

The solar module analyzer (which is Prova 200 type with resolution 0.001v and 0.1mA) can be used 

for several tasks such as accurate tests, maintenance, as well as manufacture and research activities 

of a solar PV system. Therefore, the analyzer is utilized to obtain the current and voltage values, I-V 

and P-V curves, and maximum power for the solar module. The solar module system is installed by 

connecting all the required items for this work, as shown in Fig. 1. The experimental measurements 

of electrical parameters for a PV solar module have been collected for several selected values of the 

solar radiation intensity (200, 400, 600, 800 and 1000 W/m²) and various cell temperatures. These 

measurements have been summarized from October 2017 to April 2018 in Tables 2, 3 and 4 To 

obtain the maximum outputs, the PV module is fixed to face south direction with inclined angle of 

33.3o approximately by using engineering protractor, which represents the optimum tilt angle in 

Baghdad city to maximize the solar module gain, at the horizontal line. The collected data at the 

outdoor-monitoring system are the module surface temperature by the temperature sensor ( which is 
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TPM-10 type), the module voltage by the voltage divider circuit, and the module current by the 

current sensor using a relay. All measurements are recorded with the support of the solar module 

analyzer. More details for Prova 200 are available in the appendix. 

 

Table 1. The general characteristics of the solar module. 

Area 

 

m2 

𝑽𝑶𝑪 
 

V 

𝑰𝑺𝑪 
 

 A 

Peak 

power 

W 

Peak 

voltage 

V 

Peak 

current 

A 

No. of 

cells 

Production 

data 

0.46 21.8 3.25 50 17.2 2.9 36 2016 

 

 

 

 

 

 

 

Figure 1.a. The solar module system. 
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Figure 1.b. Electrical equivalent circuit of a PV cell (Roger et al., 2003). 

 

Table 2.Module temperature and electrical solar module Parameters at constant solar radiation 200 

W/m² 
Date F.F  Eff% maxI 

(A) 
maxV 

(V) 
maxP 

(W) 
scI 

(A) 
ocV 

(V) 

I 

(A) 

V 

(V) 

P, 

(W) 
cT 

) Co( 

5/12/2017  0.739 1.442 443 14.97 6.635 492.3 18.23 459.4 14.22 6.533 36.0  

14/12/2017   0.755 3.498 958.1 16.79 16.09 1.072 19.85 972.4 16.47 16.01 27.9  

19/12/2017   0.763 3.634 1.007 16.60 16.71 1.119 19.57 1.007 16.60 16.71 30.1 

27/12/2017  0.724 1.946 545.0 16.42 8.952 633.8 19.48 553.5 16.15 8.941 24.6 

9/1/2018  0.601 1.464 409.2 16.46 6.737 568.4 19.69 413.0 16.30 6.732 22.2 

29/1/2018  0.694 1.358 380.2 16.43 6.250 460 19.56 389.4 16.02 6.240 20.1 

14/2/2018  0.688 1.346 393.7 15.73 6.196 468.8 19.20 400.0 15.43 6.174 21.0 

 

 

Table 3. Module temperature and electrical solar module parameters at constant solar radiation 400 

W/m² 

Date F.F  Eff.

% 
maxI 

(A) 
maxV 

(V) 
maxP 

(W) 
scI 

 (A) 
ocV 

 (V) 

 

I 

 (A) 

V 

(V) 

P 

(W) 
cT 

)Co( 

19/10/2017  0.724 14.76 1.670 16.28 27.15 1.912 19.60 1.668 16.28 27.15 38.1 

5/12/2017  0.793 3.628 1.035 16.11 16.69 1.102 19.08 1.102 10.61 11.7 36.6 

14/12/2017  0.775 5.126 1.373 17.17 23.58 1,514 20.08 1.393 16.88 23.52 28.9 

19/12/2017  0.763 5.104 1.386 16.93 23.48 1.563 19.65 1.407 16.64 23.43 35.4 

9/1/2018  0.751 3.44 0.902 17.53 15.82 1.033 20.37 0.909 17.39 15.82 22.3 

7/2/2018  0.755 3.936 1.042 17.36 18.10 1.176 20.37 1.042 17.36 18.10 26.1 
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Table 4. Module temperature and electrical solar module parameters at constant solar radiation 600 

W/m.² 

Date F.F  Eff 

% 

maxI 

(A) 

maxV 

(V) 

,maxP 

(W) 

scI 

(A)  

ocV 

 (V) 

I 

(A)  

  

V 

(V) 

P 

(W) 

Tc 

)Co( 

19/10/2017  0.720 11.32 1.958 15.96 31.27 2.242 19.36 1.960 15.94 31.26 43.8 

5/12/2017  0.782 5.424 1.493 16.70 24.95 1.623 19.63 1.537 15.99 24.58 35.4 

27/12/2017  0.776 5.680 1.460 17.88 26.13 1.236 20.73 1.482 17.57 26.05 23.2 

29/1/2018  0.767 5.257 1.334 18.11 24.18 1.505 20.91 1.344 17.97 24.17 19.8 

14/2/2018  0.770 5.614 1.465 17.62 25.82 1.640 20.42 1.476 17.47 25.79 23.9 

5/3/2018  0.777 5.676 1.566 16.67 26.67 1.715 19.57 1.577 16.54 26.10 35.8 

 

Table 5. Module temperature and electrical solar module parameters at constant solar radiation 800 

W/m². 

Date F.F  Eff. 

% 

,maxI 

(A) 

maxV 

(V) 

maxP 

(W) 

scI 

(A) 

ocV 

(V) 

I    

(A) 

V 

(V) 

P 

(W) 

cT 

)Co( 

19/10/2017  0.733 8.508 1.951 16.32 31.85 2.234 19.44 1.952 16.31 31.85 44.3 

14/12/2017  0.786 8.321 2.148 17.81 38.27 2.352 20.69 2.164 17.66 38.22 28.5 

29/1/2018  0.787 8.041 2.022 18.28 36.99 2.230 21.06 2.037 18.12 36.93 21.5 

14/2/2018 0.777 7.223 1.912 17.37 33.22 2.109 20.25 1.912 17.37 33.22 24.6 

  

12/3/2018  0.790 7.169 1.911 17.25 32.98 2.077 20.07 1.924 17.12 32.96 32.9 

26/3/2018  0.792 7.927 2.110 17.28 36.46 2.277 20.20 2.10 17.12 36.42 33.8  

 

Table 6.Module temperature and electrical solar module parameters at constant solar irradiance 

1000 W/m2. 

Date F. F Eff. 

% 

maxI 

(A) 

maxV 

(V) 

maxP 

(W) 

scI 

(A) 

ocV 

 (V) 

I 

(A) 

V 

(V) 

P 

(W)  

Tc 

)Co( 

19/10/2017  0.721 8.055 2.356 15.72 37.05 2.677 19.16 2.359 15.70 37.04 48.5 

5/12/2017  0.786 9.546 2.483 17.68 43.91 2.739 20.37 1.820 20.35 37 36.9 

27/12/201  0.784 9.485 2.427 17.97 43.63 2.677 20.77 2.427 17.94 43.62 26.4 

9/1/2018  0.802 10.15 2.540 18.39 46.71 2.781 20.94 2.558 18.25 46.7 26.0 

14/2/2018  0.785 9.090 2.434 17.17 41.81 2.665 19.97 2.470 16.87 41.68 25.4 

12/3/2018  0.787 8.739 2.320 17.32 40.20 2.522 20.24 2.337 17.16 40.12 33.5 

 

 

3. MODELING and SIMULATION of PHOTOVOLTAIC MODULE USING  

     MATLAB-SIMULINK  
Mathematical modeling and simulation of photovoltaic module based on the single diode model 

with series resistors are presented. The modeling is simulated by using a special code through 

MATLAB/Simulink software package (Iterative method) that includes the equations of five 

parameters (𝐼𝑃ℎ,𝐼𝑆,𝐼𝑟𝑠,𝑅𝑆ℎ,𝐴). The MATLAB code is used to study the effect of various values of 

solar irradiation and ambient temperature on the performance of a PV module, to evaluate the value 

of resistance. Furthermore, the Simulink block diagram, which provides an easy solution of 

complex systems, is used to assess the influence of weather factors on the module temperature by 

connecting to the MATLAB code.    

The mathematical equations of PV module in MATLAB-SIMULINK as follows. 
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3.1 The PV module photocurrent model  

This model can be used to evaluate the photocurrent, which is given as follows: (Bellia,  et al., 

2014) 

𝐼𝑝ℎ=[𝐼𝑆𝐶+𝐾𝐼𝑆𝐶(𝑇−𝑇𝑟𝑒𝑓)
𝐺

𝐺𝑟𝑒𝑓
]                                                                                                                 (1)                                                                                             

where short circuit current (𝐼𝑆𝐶) at reference temperature (3.1 A), and current temperature 

coefficient (𝐾𝐼𝑆𝐶) (0.0003 (A/K). 

The following block diagram of MATLAB-Simulink represents the solar radiation and temperature 

at reference condition for the PV module ( Tref=25℃ ,Gref=1000W m
2⁄ ), as shown in Fig. 2. 

 
Figure 2. Block diagram of photovoltaic current. 

3.2 The PV module saturation current model  

The following block diagram is utilized to calculate the saturation current 𝐼𝑆 and the reversed 

saturation current 𝐼𝑠,𝑟 by using the following equations 2 & 3 (Bellia,  et al., 2014) and Fig. 3 and 

Fig 4. 

𝐼𝑆,𝑟=𝐼𝑆𝐶𝑒𝑥𝑝(
𝑞 𝑉𝑂𝐶

𝑁𝑆 𝑇𝑟𝑒𝑓 𝐾 𝐴
−1)                                                                                                                (2)⁄  

where K is Boltzmann constant, A is diode ideality factor for Mono-crystalline silicon solar module, 

q is electron charge, T is module operating temperature, Ns is 36 cells (series connected). 

𝐼𝑆=𝐼𝑠,𝑟(
𝑇

𝑇𝑟𝑒𝑓
)

3

𝑒𝑥𝑝[
𝑞𝐸𝑔

𝐴 𝐾
(
1

𝑇𝑟𝑒𝑓
−
1

𝑇
)]                                                                                                      (3) 

where 𝐸𝑔 is band gap energy (1.12 eV) 
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Figure 3. Saturation current block system. 

 

 

Figure 4. Reverse saturation current block system (Io ref.). 

 

3.3 The PV module photovoltaic current model  
The current photovoltaic model is used to calculate the photovoltaic current by Eq. 4 (Bellia,  et al., 

2014)  and Fig. 5 and Fig. 6 (subsystem 5).  

 𝐼=𝐼𝑃ℎ−𝐼𝑠[𝑒𝑥𝑝(
𝑞(𝑉𝑃𝑉+𝐼𝑅𝑆)

𝐴𝐾𝑇𝑁𝑆
)−1]−

𝑉𝑃𝑉+𝐼𝑅𝑆
𝑅𝑠ℎ

                                                                             (4) 

where  𝑅𝑠 is series resistance, 𝑅𝑠ℎ𝑠ℎ is shunt resistance at reference condition (𝐺𝑟𝑒𝑓 is 1000 W/m²) 
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Figure 5. The circuit of the photovoltaic current block system (Iph). 

 

    
Figure 6. The circuit under subsystem 5. 

3.4 The final Simulink model 

The final Simulink model shows measured data (𝐼𝑃𝑉,𝑉𝑃𝑉, 𝑃𝑃𝑉) and it is used to plot a graph. The 

simulation model of the PV system can determine the value of the five parameters 

(𝐼𝑃ℎ,𝐼𝑆,𝐼𝑟𝑠,𝑅𝑆ℎ,𝐴) as well as the operating temperature after entering the value of solar irradiation, 

and ambient temperature into the system collected in the experimental part of this work, as shown in 

Fig. 7. 
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Figure 7. Block system of the final Simulink model.   

4. RESULTS and DISCUSSION 

The effect of module temperature on the characteristic of the I-V and P-V curves of the 

monocrystalline solar module has been evaluated for five different solar radiations intensity 200, 

400, 600, 800, and 1000 W/m². The months of January and March were taken asa paradigm, as 

shown in Figs. 8-12. This work demonstrates that the change in a cell temperature is directly 

proportional to the PV module current, while it is inversely proportional with the PV module 

voltage. Additionally, the output power of a PV module increases with decreasing the cell 

temperature up to 15°C. Consequently, the cell temperature shows the significant influence on the 

characterization of I-V and P-V curves for the monocrystalline PV module at constant values of the 

solar irradiation intensity.  

 

Figure 8.  I-V and P-V of the monocrystalline PV module at solar irradiance 200W/m² for January.  
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Figure 9.  I-V and P-V of the monocrystalline PV module at solar irradiance 400W/m² for January. 

 

Figure 10.  I-V and P-V of the monocrystalline PV module at solar irradiance 600W/m² for January. 

 

Figure 11.  I-V and P-V of thmono crystalline PV module at solar irradiance 800W/m² for January. 
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Figure 12.  I-V and P-V of the monocrystalline PV module at solar irradiance 1000W/m² for 

March. 

The effect of the shunt resistance (𝑅𝑠) has been evaluated on a behavior of cuthe rrent-voltage (I-V) 

curve. The two values of 𝑅𝑠 (0, 0.55Ω) were selected to plot I-V curves, as shown in Fig. 13. The 

values of 𝐼𝑠𝑐 and 𝑉𝑜𝑐 are not change with value of 𝑅𝑠. Although the I-V curve may be approached to 

the rectangular shape, the value of a maximum power moves to the right. Therefore, 𝑃𝑚𝑝 is 

inversely proportional to the series resistance based on the fill factor correlation, as shown in the 

following correlation, Kalogirou, 2013: 

𝐹𝐹=
𝑃𝑚𝑝

𝑉𝑜𝑐 .𝐼𝑠𝑐
                                                                                                                                                      (5) 

If 𝐼𝑠𝑐 and 𝑉𝑜𝑐 are constant, the fill factor FF changes based on 𝑃𝑚𝑝 only. From Fig. 14, it can be 

shown that the manufacturer did not take into consideration the parallel resistance because of the 

peak power of  𝑅𝑠 which is used in the model of this work coincides with the given peak power of 

the data sheet for ( 𝑅𝑠 =0.55 Ω. From the Matlab code) 

 

Figure 13. I-V curve of the monocrystalline PV solar module with shunt resistance and without 

shunt resistance. 
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Figure 14. P-V curve of the monocrystalline PV solar module with shunt resistance and without 

shunt resistance. 

4.1. Effect of surrounding temperature on the output power production of the monocrystalline 

photovoltaic solar module        

The effect of surrounding temperature on the output power production from the monocrystalline PV 

solar module has been estimated for five values of the solar radiation intensity 200, 400, 600, 800 

and 1000 W/m². The measured data of the surrounding temperature and the maximum output power 

was summarized in Tables 2, 3, and 4. Furthermore, the previous tables include the comparison 

between experimentally measured maximum power and calculated maximum power by using 

MATLAB SIMULINK as well as the percentage errors. The increase in the ambient temperature 

causes decreasing in the output power production of the PV module due to the rise in the cell 

temperature and the lessening in the PV module voltage. 

 

Table 7. Comparisons between maximum measured power and calculated maximum power with 

corresponding ambient temperature at solar irradiance 200W/m². 

Error % Pmod. 

W 

Pexp 

W 

Tc 

°C 

Ta 

°C 

Month 

-13.- 7.2 8.3 24.6 11.6 27/12/2017 

-6.0 7.1 8.2 25.5 13.6 3/1/2018 

-1.5 6.4 6.5 21.9 12.2 30/1/2018 

-15 7.1 8.4 27.5 21.2 5/3/2018 

-19 6.1 7.6 34 22 12/3/2018 

-29 7.1 10 29.8 25.1 26/3/2018 
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Table 8. Comparisons between maximum measured power and calculated maximum power with 

corresponding ambient temperature at solar irradiance 400W/m². 

Error %  .modP 

W 

 expP 

W 

Tc 

°C 

Ta 

°C 

Month 

5.9 14.2 13.4 36.6 20.6 5/12/2017 

  14.6   14.9 13 35.4 19.7 19/12/2017 

-2.5 15.2 15.6 25.3 13.6 3/1/2018 

6.6 16 15 21.4 12.2 30/1/2018 

9.3 14.1 12.9 32.5 23.2 12/3/2018 

 -15.7 7.5 8.9 23.7 12.4 27/12/2017 

6.6 16 15 30.5 25.2 26/3/2018 

 

Table 9. Comparisons between maximum measured power and calculated maximum power with 

corresponding ambient temperature at solar irradiance 600W/m². 

Error % Pmod. 

 W 

Pexp 

 W 

Tc, 

°C 

Ta, 

°C 

Month 

7.6- 24 26 42.2 34 16/10/2017 

7.6- 24 26 43.7 31.2 19/10/2017 

11 25 22.5 35.4 20.6 5/12/2017 

4- 24 25 28.3 13.9 14/12/2017 

14.8- 23 27 36.3 19.9 19/12/2017 

15.6- 27 32 23.2 12.7 27/12/2017 

-15.6 27 32 26.8 13.8 3/1/2018 

18- 22.5 27.5 26.2 20.4 7/2/2018 

18- 27 33 22.3 12.5 30/1/2018 

14.7- 29 34 35.8 23.9 5/3/2018 

 

Table 10. Comparisons between maximum measured power and calculated maximum power with 

corresponding ambient temperature at solar irradiance 800W/m². 

Error % Pmod., 

w 

Pexp, 

w 

Tc, 

°C 

Ta, 

°C 

Month 

6.6 32 30 43.9 35 16/10/2017 

4.6- 31 32.5 44.3 30.7 19/10/2017 

9- 39 43 37.1 20.6 5/12/2017 

9- 39 43 28.5 14 14/12/2017 

2.8- 34 35 37 19.9 19/12/2017 

9.7- 37 41 28.3 13.8 3/1/2018 

9.5- 38 42 24.4 12.9 27/12/2017 

12.9- 37 42.5 24 12.6 30/1/2018 

10.8- 33 37 30.2 20.4 7/2/2018 

7- 32.5 35 32.9 23.2 12/3/2018 

15.9- 37 44 25.1 12.7 9/1/2018 
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Table 11. Comparisons between maximum measured power and calculated maximum power with 

corresponding ambient temperature at solar irradiance 1000W/m² . 

Error % Pmod. 

W 

Pexp 

W 

Tc, 

°C 

Ta, 

°C 

Month 

11 36 40.5 41.2 24.2 5/3/2018 

 

Table 12. Maximum power, Voltage open circuit & current short circuit comparison with some 

previous work. 

Isc, 

.mod 

.sc, expI OC,modV OC,expV aT CT max,modP max,expP 21000w/m 

3.25 3.015 19.9 19.67 24.2 41.2 44.10 46.64 Proposed 

work 

3.02 3 21.5 21 25 45 50.04 41.20 Zainab et 

al., 2017 

4.45 - 24 - 25 - 87 - Tsai et al., 

2016 

5.252 4.015 20.3 19.357 25 37 73 54.23 Bouraiou et 

al ., 2015 

3.8 - 21.1 - 25 - 60 - Huan- ling 

Tsai., 2010 
 

  5. CONCLUSIONS              

1. The performance of monocrystalline silicon photovoltaic module has been evaluated theoretically 

and experimentally in this work.  

2. The single diode model with series resistors is selected to find the characterization of current-

voltage (I-V) and power-voltage (P-V) curves through five parameters (𝐼𝑃ℎ,𝐼𝑆,𝐼𝑟𝑠,𝑅𝑆ℎ,𝐴). 

3. The model is simulated by using MATLAB/Simulink software, and it shows high accuracy in 

modeling the solar PV module under various conditions such as solar irradiation and ambient 

temperature.  

4. The performance of the solar PV module is tested experimentally for different weather data that 

is gathered from October 2017 to April 2018 in Baghdad city between 8:00 AM and 1:00 PM. 

Consequently, the cell temperature shows a significant influence on the characterization of I-V and 

P-V curves for the monocrystalline PV module. 

5. The fill factor is proportional with the values of the maximum output, short circuit current, open 

circuit voltage, Series resistance for the solar PV module. 

 

 



Journal  of  Engineering Volume  25    October       2019 Number  10 

 

 

16 

 

 REFRENCES  

¶ Al-Najjar, H. M. T., 2013,Experimental Evaluation of the Performance of One-Axis Daily 

Tracking and Fixed PV Module in Baghdad, Iraq. Journal of Engineering 19(9): 1145-1157. 

 

¶ Al-Najjar, H. M. T.,2015,Study of Energy Gains by Orientation of Solar Collectors in 

Baghdad City. Journal of Engineering 21(10): 17-35. 

 

¶ Altas, I. and A. Sharaf .,2007, A Photovoltaic Array Simulation Model for Matlab-Simulink 

GUI Environment. Clean Electrical Power, 2007. ICCEP'07. International Conference on, 

IEEE. 

 

¶ Aly, A. E.-M. M. M., and A. El-Aal .,2005, Modeling and Simulation of a Photovoltaic Fuel 

Cell Hybrid System. 

 

¶ Azzouzi, M., L. Mazzouz, and D. Popescu .,2014, Matlab-Simulink of Photovoltaic System 

Based on a Two-Diode model. Proceedings of the World Congress on Engineering. 

 

¶ Bellia, H., R. Youcef, and M. Fatima .,2014, A Detailed Modeling of Photovoltaic Module 

Using MATLAB. NRIAG Journal of Astronomy and Geophysics 3(1): 53-61. 

 

¶ Bikaneria, J., S. P. Joshi, and A. Joshi .,2013,Modeling and Simulation of PV Cell using 

One-diode model. International journal of scientific and research publications 3(10): 1-4. 

 

¶ Bouraiou, A., M. Hamouda, A. Chaker, M. Sadok, M. Mostefaoui, and S. Lachtar .,2015, 

Modeling and Simulation of Photovoltaic Module and Array Based on One and Two Diode 

Model Using Matlab/Simulink. Energy Procedia 74: 864-877. 

 

¶ Ding, K., X. Bian, H. Liu, and T. Peng .,2012, A MATLAB-Simulink-Based PV Module 

Model and its Application Under Conditions of Nonuniform Irradiance. IEEE Transactions 

on Energy Conversion 27(4): 864-872. 

 

¶ Dubey, S., J. N. Sarvaiya, and B. Seshadri .,2013,Temperature Dependent Photovoltaic (PV) 

Efficiency and its Effect on PV Production in the Worldïa Review. Energy Procedia 33: 311-

321. 

¶ El Tayyan, A. A. ,2011,PV system behavior based on datasheet. Journal of Electron Devices 

9(20011): 335-341. 

 

¶ González-Longatt, F. M. ,2005,Model of Photovoltaic Module in Matlab. 

 Ii Cibelec 2005: 1-5. 

¶ Houssamo, I., M. Sechilariu, F. Locment, and G. Friedrich., 2010,Identification of 

photovoltaic array Model parameters. Modeling and experimental verification. International 

Conference on Renewable Energies and Power Quality. 

 



Journal  of  Engineering Volume  25    October       2019 Number  10 

 

 

17 

 

¶ Husain, M. A., M. F. Jalil, M. T. S. Beg, M. Naseem, and A. Tariq .,2012, Modeling and 

Study of a Standalone PV System Using MATLAB/SIMULINK. i-manager’s Journal on 

Power Systems Engineering 5(4): 30-36. 

 

¶ Ishaque, K., and Z. Salam ., 2011, A Comprehensive MATLAB Simulink PV System 

Simulator with Partial Shading Capability Based on Two-Diode Model. Solar energy 85(9): 

2217-2227. 

 

¶ Kalogirou, S. A., 2013, Solar Energy Engineering: Processes and Systems, Academic Press. 

¶ Mahmood, J. R., and N. H. Selman (2016). Four MATLAB-Simulink models of 

photovoltaic system." International Journal of Energy and Environment 7(5): 417. 

 

¶ Mrabti, T., M. El Ouariachi, B. Tidhaf, K. Kassmi, E. Chadli and K. Kassmi ,2009, 

Modélisation Des Propriétés Electriques et Caractérisation Des Panneaux Photovoltaïques. 

Revue des Energies Renouvelables 12(1): 105-116. 

 

¶ Pukhrem, S. , 2013, A Photovoltaic Panel Model in Matlab/Simulink. Wroclaw University 

of Technology 27. 

 

¶ Ramos-Hernanz, J., J. Campayo, J. Larranaga, E. Zulueta, O. Barambones, J. Motrico, U. F. 

Gamiz, and I. Zamora ., 2012, Two Photovoltaic Cell Simulation Models in 

Matlab/Simulink. International Journal on Technical and Physical Problems of Engineering 

(IJTPE) 4(1): 45-51. 

 

¶ Schwingshackl, C., M. Petitta, J. E. Wagner, G. Belluardo, D. Moser, M. Castelli, M. 

Zebisch, and A. Tetzlaff., 2013,Wind Effect on PV Module Temperature: Analysis of 

Different Techniques for an Accurate Estimation. Energy Procedia 40: 77-86. 

 

¶ Sera, D., R. Teodorescu and P. Rodriguez ., 2007, PV Panel Model Based on Datasheet 

Values. Industrial Electronics, 2007. ISIE 2007. IEEE International Symposium on, IEEE. 

¶ Sharma, H., N. Pal, Y. Singh and P. K. Sadhu ., 2015, Development and Simulation of Stand 

Alone Photovoltaic Model Using Matlab/Simulink. International Journal of Power 

Electronics and Drive Systems (IJPEDS) 6(4): 703-711. 

 

¶ Tsai, H.-L. ,2010, Insolation-Oriented Model of Photovoltaic Module Using 

Matlab/Simulink. Solar energy 84(7): 1318-1326. 

¶ Tsai, H.-L., C.-S. Tu and Y.-J. Su ,2008, Development of Generalized Photovoltaic Model 

Using MATLAB/SIMULINK. Proceedings of the world congress on Engineering and 

computer science, San Francisco, USA. 

 

¶ Vimalarani, C. and N. Kamaraj ., 2015, Modeling and Performance Analysis of the Solar 

Photovoltaic Cell Model Using Embedded MATLAB. Simulation 91(3): 217-232. 



Journal  of  Engineering Volume  25    October       2019 Number  10 

 

 

18 

 

¶ Walker, G. , 2001,Evaluating MPPT Converter Topologies Using a MATLAB PV Model. 

Journal of Electrical & Electronics Engineering, Australia 21(1): 49. 

 

¶ Wang, J.-C., J.-C. Shieh, Y.-L. Su, K.-C. Kuo, Y.-W. Chang, Y.-T. Liang, J.-J. Chou, K.-C. 

Liao and J.-A. Jiang ., 2011, A Novel Method for the Determination of Dynamic Resistance 

for Photovoltaic Modules,Energy 36(10): 5968-5974. 

 

¶ Zerhouni, F. Z., M. Zerhouni, M. Zegrar, M. T. Benmessaoud, A. B. Stambouli and A. 

Midoun ., 2010, Proposed Methods to Increase the Output Efficiency of a Photovoltaic (PV) 

System. Acta Polytechnic Hungarica 7(2): 55-70. 

NOMENCLATURE 

 

𝑨                     diode ideality factor 

𝑰𝒎 current at the maximum power point, A 

𝑰𝒐                    reverse saturation current, A 

𝑰𝒑𝒉                   photo-generated current, A 

𝑰𝒔𝒄,𝒆𝒙𝒑 measured short circuit current, A 

𝑰𝒔𝒄,𝒎𝒐𝒅                modeled short circuit current, A 

𝑰𝒔𝒄                   short circuit current, A 

𝐆𝐫𝐞𝐟 reference radiation,(W m2⁄ ) 

𝑮 solar radiation, W/m2 

𝑵𝒔                   number of cells 

𝑷𝒎𝒂𝒙,𝒆𝒙𝒑 experimental maximum power output, W 

 𝑷𝒎,𝑷𝒎𝒑 maximum power output, W 

𝒒                      charge of the electron, C 

𝑹𝒑                  parallel resistance, Ω 

𝑹𝒔 series resistance, Ω        

𝑻𝒂                   ambient temperature, ºC 

𝑻𝒓𝒆𝒇 reference module temperature, ºC 
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𝑻 module operating temperature, K 

𝑽𝑻                   the thermal voltage at reference condition, V 

𝑽𝒎 the voltage at the maximum power point, V 

𝑽𝒐𝒄,𝒆𝒙𝒑 experimental open circuit voltage, V 

𝑽𝒐𝒄                 open circuit voltage, V 

 

GREECK SYMBOLS 

 

𝒌𝑩  Boltzmann constant 

𝝁𝒐𝒄 temperature coefficient of open circuit voltage, V/K 

𝝁𝒔𝒄 temperature coefficient of short circuit current, A/K 

𝒗𝒘 local wind speed, m/s 

 

 

 

 

 

 

 


