
 

 

Website: koladaisiuniversity.edu.ng/kujas 

© KUJAS, Volume 1, 2023 

Faculty of Applied Sciences 

 
 

Benchmarking Experimental Performance Analysis of Solar PV Cells 
Against OEM’s Performance Ratings 
 
 

Adesiyan, A. and Obah, S. N.    
1Dundalk Institute of Technology, Ireland. 
*Corresponding author – Ayomide Adesiyan e.adesiyan@yahoo.com. 

 
Abstract 
This study adopted an experimental approach to analyse the core parameters of different photovoltaic modules by 
applying Krebs’ correction to standard test conditions. Current-voltage and power-voltage curves for each PV module 
were obtained at different illumination levels, in addition to performance parameters ascertained from the fill factor 
and efficiency values of the PV modules. Ohmic losses present challenges in PV systems and could be addressed by 
recombination electrons made available by utilising the geometry and thickness to absorb the most wavelengths of 
incoming light. The parameters were subsequently compared with the manufacturer’s specifications, and the modules 
performance were discussed. 
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1. Introduction 
Renewable energies have experienced exponential 
growth during the last decade. Furthermore, from 
a technological point of view, the development of 
more efficient and sustainable systems has been 
achieved [1 – 3]. In this context, electrical energy 
production through the photovoltaic (PV) 
conversion of the incident rays from the sun 
represents one of the alternative solutions due to its 
advantages which include low maintenance cost, 
integration with other renewable energy sources, 
minimal energy loss in systems, etc. which are 
desirable for the decarbonisation of grid systems [4 
– 5]. Therefore, systematic studies are required to 
determine and explain the operation principles of 
different related technologies [6 – 7], both existing 
or in development. This is relevant for maximising 
operational efficiency and elaborating upon 
methods used to exploit the electric energy 
produced [(IEC, 2016)]. 

Due to the issues relating to climate change 
and environmental degradation, global attention 
for sources of energy has been turned towards 
renewables. A photovoltaic (PV) system is a 
feasible setup that harnesses solar energy and it 
ranges from smallest units to complex setups. One 
of the most economical PV systems is a solar cell 
which represents smallest unit of the PV system 
that acts as a two-terminal semiconductor diode 
and has the ability to convert solar radiations 
directly into electricity via the photovoltaic effect. 
PV cells are usually connected, either in parallel or 
series, to form a module; the modules make up the 

panel and several panels are termed arrays [8]. 
Solar PV cells are important because they 
represent an economical way of converting solar 
energy into electricity for domestic uses. Despite 
this benefit, only a fraction of sunlight gets 
converted due to factors such as temperature, 
irradiance, and shading, which affect the efficiency 
of the units. Vergura (2016) identified that the 
maximum power output of a PV cell is affected by 
its short-circuit current, caused by irradiance, and 
open-circuit voltage, caused by temperature [9]. 
Bunea, et al., (2006) observed that poor 
performance of mono-crystalline silicon PV cells 
under was affected by shunt resistance with the 
cells [10]. In analysing combined insolation and 
temperature effects on PV cells, Suman et al. 
(2021) concluded that variations in solar irradiance 
at a constant temperature result in variations in 
output current and ultimately variations in output 
power from PV cells [11]. On the contrary, 
variations in temperature at constant irradiance 
resulted to variations in output voltage from the 
cell and, consequently variations in output power. 
Similarly, findings showed that the quality and 
performance of cells are affected by temperature 
[12]. Using mono-crystalline solar cells, the 
authors observed that temperature effects had an 
inverse relationship with cell parameters – 
efficiency, maximum power point, open circuit 
voltage at constant irradiance values. 

PV modules can be combined in parallel or 
series connections to form solar arrays to produce 
large power. The most commonly used materials 
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for the fabrication of solar cells are mono-
crystalline silicon, amorphous silicon, poly-
crystalline silicon, thin-film technology, and 
various nanomaterials. The selection of these 
materials greatly impacts the performance and 
high-power conversion efficiency of solar cells. 
Currently, a mono-crystalline silicon-based solar 
cell dominates the solar market because of its high-
power conversion efficiency, long lifespan, and 
non-toxic and stable nature, with a panel efficiency 
range between 15 – 25% [15]. However, various 
studies have shown that nanomaterials also gained 
importance in solar cell fabrication due to their 
unique physical, electrical and chemical 
properties. A solar photovoltaic system is a power 
generation system that converts solar radiation 
directly into electrical energy using solar cells that 
work on the photovoltaic effect. The working idea 
of a photovoltaic power supply system is that the 
electricity produced by the solar component will 
charge for the controller-controlled battery, which 
will then be directly connected to the load power 
supply in order to fulfill the load demand when the 
sun is shining. At low levels of solar irradiance, the 
battery provides power to the DC load, which a 
controller sustains. In the case of AC loads, a 
converter is required for such solar systems. 
Messenger & Abtahi (2018) noted that PV cells 
can be characterised as having a nominal operating 
cell temperature (NOCT) when they are placed in 
the module [17]. This is the maximum temperature 
that the cells will reach under open circuit 
operation with ambient temperatures of 20°C, AM 
1.5 irradiance, G = 0.8 kW/m2, and winds less than 
1 m/s. Therefore, it is essential to understand the 
behaviour of PV systems under this condition to 
estimate PV system efficiency and diagnose 
various operational and environmental conditions. 

This study aims to experimentally evaluate the 
performance of PV modules under various 
irradiance levels and subsequent comparison of 
results with manufacturer’s datasheet. Over the 
past years, PV (photovoltaic) technology has been 
in upward trend, and this can be categorised into 
various aspects such as type of material, design 
configuration etc. Here, classification based on the 
type of material is made here. It is worthy to note 
that all PV modules, regardless of configuration 
and type, are made out of silicon – a semi-
conducting material. The ideal current curve 

applies to all the modules irrespective of the 
type/category identified. 

 
2. Governing Equations 
Mathematical modelling and equations play an 
essential role as it reduces fabrication costs, save 
time, and help researchers to predict the behaviour 
of the PV system. The performance analysis of PV 
cells is determined from current-voltage and 
power-voltage curves. This is because parameters 
such as short-circuit current, open-circuit voltage, 
maximum power, fill factor, are effectively used to 
characterize the module. The PV modules data 
sheet is the manufacturer’s information on 
electrical parameters such as short circuit current, 
open circuit voltage, the rated value of voltage and 
current at the maximum power point, and standard 
test conditions. An idealized diagram of these 
parameters is shown in Fig. 1 below and the 
applicable mathematical expression/description is 
made in the subsequent sections.  
 

 
Figure 1: Normalized I-V and P-V curves for a PV device. 

 
Open-circuit Voltage (𝑉𝑜𝑐): This is the voltage 
measured by putting the PV cell terminals in open-
circuit condition under standard testing conditions. 
As depicted in Fig. 1, open-circuit voltage is 
usually higher than the voltage attained at the 
maximum point. Mathematically, this is given as 
[12,14]: 
 

𝑉𝑜𝑐 = 𝐴𝑉𝑇𝑙𝑛 (1 +
𝐼𝑠𝑐

𝐼0
) , 𝑎𝑡𝐼 = 0 

1 

 
Where  
𝑉𝑜𝑐 = open-circuit voltage 
𝐼0 = leakage current or reverse saturation current 
of diode 
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𝑉𝑇 = diode thermal voltage (which is dependent 
on temperature) 
𝐼𝑠𝑐 = short-circuit current 
 

Short-circuit Current (𝐼𝑠𝑐): This is the maximum 

current that is generated when a solar PV cell is 
configured to operate in real-time conditions. 
While measuring this current, the PV cell terminals 
are short-circuited by means of some load. Short-
circuit current is higher than the current at 
maximum power. Mathematically, it is given as 
[12,14]: 
 

𝐼𝑠𝑐 = 𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 (
𝑉

𝐴𝑉𝑇
) − 1] at 𝑉 = 0 2 

 
where 
𝐼𝑠𝑐 short-circuit current 

𝐼0 leakage current or reverse saturation current of 
diode 

𝑉 voltage imposed on the diode 

𝐼𝑝ℎ photocurrent 

𝐴 ideality factor of diode 

𝑉𝑇 diode thermal voltage (which is dependent on 

temperature) 
 

Maximum Power Point (𝑀𝑃𝑃): This is the single 
location in which the PV cell produces the most 
electricity. The voltage and current recorded at this 
point are termed as maximum voltage and 
maximum current, respectively. These figures may 
vary depending on radiation intensity as well as 
local weather parameters [12,14]. Mathematically, 
it is expressed as: 
 

𝑃𝑚𝑎𝑥 = 𝑉𝑚𝑎𝑥 × 𝐼𝑚𝑎𝑥 3 

 
Where 
𝑃𝑚𝑎𝑥 power at maximum point in Watts 

𝑉𝑚𝑎𝑥 voltage at maximum power point in volts 

𝐼𝑚𝑎𝑥 current at maximum power point in ampere 
It is important to point out that Eqn. 6 applies under 
the condition of ideality wherein all incidence rays 
are converted into electricity. However, in 
practice, maximum power is obtained using Eqn. 6 
below:  
 

𝑃𝑚𝑎𝑥 = 𝑉𝑜𝑐 × 𝐼𝑠𝑐 × 𝐹𝐹 4 
 
 
 

And efficiency of conversion is expressed as: 
 

𝜂 =
𝑉𝑜𝑐 × 𝐼𝑠𝑐 × 𝐹𝐹

𝑃
 

5 

 
Where: 
𝑉𝑜𝑐 open-circuit voltage 

𝐼𝑠𝑐 short-circuit current 

𝐹𝐹 fill factor 

𝜂 = efficiency 
 

𝐼 = 𝐼𝐼 − 𝐼𝐷 6 
 
where  

𝐼 = Overall current (A). 

𝐼𝐼  is cell current due to photons (A). 

𝐼𝐷 is diode current (A) 
 
3. Experimental Setup and Procedure 
The set up circuit as shown below in fig 3, 
describes the arrangement for a steady illumination 
on the PV module. This done periodically by 
checking that the short circuit current Isc remains 
the same, and/or checking the reading on a 
photometer placed so as to receive the same 
illumination as that reaching the module. Also to 
measure the short circuit current Isc and the open 
circuit voltage Voc. 

To also vary the variable resistor so as to 
obtain current values ranging from 0 to Isc and in 
each case measure the corresponding voltage. (Try 
using variable resistor settings of 100k, 50k, 20K, 
10 K, 5K etc. down to 10, 5, 2 and 1 Ohm). Also 
calculate the power in each case (P = VI). Vary the 
illuminance value (say two or three times the 
original value) and again record corresponding 
values of I and V. Calculate the power in each case 
as before. If time allows, carry out 5 above at a 
higher illuminance level etc. the Plot power against 
voltage curves on the same graph. And  Plot curves 
of current I against voltage V and find Vmax and 
Imax for each curve. Also estimate the fill factor 
for each plot. Then, determine the module 
efficiencies at the maximum power output values. 
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Figure 2: Schematic diagram of all equipment used in 

the experimental analysis. 

 

 
Figure 3: Experimental circuit setup of the PV module. 

 
Two solar panels are taken into consideration for 
the experiment one is 1.5W and the other one is 
5.0Wp. The 1.5W was first taken into 
consideration, the light array was incident on to it. 
The irradiance of the light array was noted. When 
the light array strikes the panel using regulators of 
variable resistances, the resistance was changed 
and each reading of voltage and current of the 
panel will be noted by the voltage reading 
multimeter and current reading multimeter. For 
each irradiance the resistance was changed and the 
maximum voltage and current reading are noted. 
For the same panel, 3 individual and different 
readings were taken at different irradiance reading. 
Then the second panel of 5Wp was taken into the 

experiment, this panel is a poly-crystalline solar 
panel. The same experiment was conducted on the 
panel, using the same resistance regulators. The 
maximum voltage reading and maximum current 
readings are noted for different irradiance and 
resistances. 

The equipment used for this experimental 
analysis include: 

• Artificial light source to provide 
irradiation. 

• Solar PV panels – fat plate and poly-
crystalline. 

• Variable resistance box. 

• Digital multimeter – to obtain readings 
of voltage and irradiance.   

• PC – for data logging. 
 
The next section shows the data obtained during 
the experiment by the data logger in the computer, 
there were about 5 excel files exported from the 
data logger.  
 

4. Results and Discussions 
4.1 I-V & P-V Characterisation of PV Cells  
In order to ascertain deviations from the 
manufacturer’s datasheet, the two PV modules 
were exposed to different levels of solar 
irradiation, and the I-V and P-V properties were 
obtained. A summary of findings are presented in 
Table 1 (for mono-crystalline PV module) and 
Table 2 (for poly-crystalline PV module), which 
are depicted in Figs. 4 – 5. Considering the mono-
crystalline module, open-circuit voltage (Voc) and 
short-circuit current (Isc) for irradiance of 
185W/m2 were obtained as 18.91 V and 0.00206 
A, respectively. Maximum power of 0.025 W was 
calculated from maximum voltage and current 
values of 16.0571 V and 0.00157 A, respectively, 
and depicted by the blue legend in Fig. 4b. For 
irradiance of 224W/m2, open-circuit voltage (Voc) 
and short-circuit current (Isc) of 18.3325 V and 
0.00201 A. Consequently, the maximum power 
point was calculated as 0.0228 W from maximum 
voltage and maximum current values of 15.9786 V 
and 0.00139 A, respectively. For solar irradiance 
of 513W/m2, open-circuit voltage (Voc) of 19.56 V 
and short-circuit current (Isc) of 0.00449 A was 
obtained which yielded maximum power of 0.056 
W at maximum voltage and current of 15.97 W and 
0.0035 A, respectively.  
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Table 1: Comparative Analysis of Experimental Data with Manufacturer Datasheet for  
RS PRO Mono Crystalline 

 
Solar irradiance Parameters RS PRO 
 Experimental Datasheet 

185 W/m2 Voc (V) 18.91 21 

 Isc (A) 0.00206 0.39 

 Vmpp (V) 16.0571 16.8 

 Impp (A) 0.00157 000.3 

 Pmax (W) 0.025 5 

224 W/m2 Voc (V) 18.3325  

 Isc (A) 0.00201  

 Vmpp (V) 15.9786  

 Impp (A) 0.00139  

 Pmax (W) 0.0228  

513 W/m2 Voc (V) 19.56  

 Isc (A) 0.00449  

 Vmpp (V) 15.97  

 Impp (A) 0.0035  

 Pmax (W) 0.056  

 
 
  

 
 

(a) 
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(b) 
 

Figure 4: I-V and P-V characteristics for RS-PRO PV cells at 25°C for different solar irradiation. 
 

Based on the Original Equipment 
Manufacturer datasheet for the mono-crystalline 
PV cell, its expected output power was rated at 
5W, Voc of 21 V, Isc of 0.39A, Vmp of 16.8 V, Imp 
of 0.3A. This is at variance with the experimental 
findings reported above and the differences could 
be attributed to an effect of ambient temperature 
on the solar cell, which affects the performance of 
PVs. Bunea et al., (2006) observed that PV cells 
with low shunt resistances behave differently as 
irradiation decreases [10]. As a result, low 
illumination levels cause such devices’ open 
circuit voltage (Voc) to degrade as the current 
lowers because the cell will be in the shunt region 
of the I-V curve. This challenge can be overcome 
by considering an ideality factor, a corrective 
approach to measuring the current independent of 
the resistance. A closer look at Fig. 4 showed that 
the highest illumination produced the most 
significant current and power. However, this is not 
consistent with other levels of illumination, which 
could be attributed to shunt variation and 
insolation; consequently, the performance of the 
PV modules becomes affected. Since irradiation 

significantly influences the photon current of PV 
cells (Iph), at a constant temperature, photon 
current would increase as solar radiation levels 
increase, increasing the PV’s output power [16]. 
This is particularly true for all types of PV modules 
and could be seen in Figs. 4 & 5. However, it is 
essential to note that solar insolation does not 
affect output voltage (Voc); hence, it remains 
primarily unaffected. 

Considering the poly-crystalline PV module, 
at an irradiance of 610W/m2, open-circuit voltage 
(Voc) and short-circuit current (Isc) of 20.29 V and 
0.052 A were obtained, respectively, with a 
maximum power of 0.87 W obtained at maximum 
voltage and current of 18.07 V and 0.048 A. For 
irradiance of 850W/m2, open-circuit voltage (Voc) 
and short-circuit current (Isc) of 19.95 V and 0.062 
A was obtained as maximum power of 1.02 W was 
calculated from maximum voltage and maximum 
current values of 18.02 V and 0.057 A, 
respectively. A summary of these parameters are 
presented in Table 2 below for the poly-crystalline 
device and shown in Fig. 5.   
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Table 2: Comparative Analysis of Experimental Data with Manufacturer Datasheet for TPS-946  
Poly Crystalline 

 
Operating conditions Parameters TPS-946 

Solar irradiance 610 W/m2  Experimental Datasheet 

 Voc (V) 20.29 17.5 

 Isc (A) 0.052 N/A 

 Vmpp (V) 18.07 N/A 

 Impp (A) 0.048 N/A 

 Pmax (W) 0.87 1.5 

STC of 850 W/m2 Voc (V) 19.95  

 Isc (A) 0.062  

 Vmpp (V) 18.02  

 Impp (A) 0.057  

 Pmax (W) 1.02  

 

 

 
 

(a) 
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(b) 
 

Figure 5: I-V & P-V plots for polycrystalline TPS-946 solar module at 25°C and different solar irradiation. 

 
In summary, the variations in experimental 

findings from information contained in OEM 
datasheet contribute to ohmic losses in PV systems 
which affect energy output from such 
technologies. These ohmic losses could be 
addressed by the availability of recombination 
electrons in PV cells which entails utilising the 
suitable wafer geometry and thickness to absorb 
the most wavelengths of incoming light. 

  
4.2 Fill Factor 
This is an important parameter that denotes quality 
of the PV cell and it is defined as the ratio of 
maximum power to the product of open-circuit 
voltage and short-circuit current [12,14], thus: 
 

𝐹𝐹 =
𝑃𝑚𝑎𝑥

𝑉𝑜𝑐 × 𝐼𝑠𝑐
=

𝑉𝑚𝑎𝑥 × 𝐼𝑚𝑎𝑥

𝑉𝑜𝑐 × 𝐼𝑠𝑐
 

7 

 
Where 
𝐹𝐹 fill factor 
𝑃𝑚𝑎𝑥 maximum power output from the cell 
𝑉𝑚𝑎𝑥 voltage at maximum power point in volts 
𝐼𝑚𝑎𝑥 current at maximum power point in amperes 
𝑉𝑜𝑐 open-circuit voltage in volts 
𝐼𝑠𝑐 short-circuit current in amperes 

From the results, the fill factors for at irradiance 
values of 185W/m2, 224W/m2, 513W/m2, 
610W/m2, and 850W/m2 were obtained as 0.6482, 
0.6200, 0.6330, 0.8280 and 0.8261, respectively. It 
is important to note that mono-crystalline PV 
module had values the first to the third whilst poly-
crystalline PV module had the fourth and fifth 
values. Based on the calculated fill factor values, it 
could be inferred that an inverse relationship exists 
between irradiance and fill factor as distance 
increases. This is because at lower irradiance, 
more cell areas are covered than at higher 
irradiance and this is applicable for the two types 
of PV modules is being considered. 
 
4.3 Efficiency 
The capacity of a PV cell to convert solar energy 
into electrical energy (DC) is described as its 
efficiency and this is given as [12,14]: 
 

𝜂 =
𝑃𝑚𝑎𝑥

𝑃
=

𝑉𝑚𝑎𝑥 × 𝐼𝑚𝑎𝑥

𝐼(𝑡) × 𝐴
=

𝐹𝐹 × 𝑉𝑜𝑐 × 𝐼𝑠𝑐

𝐼(𝑡) × 𝐴
 

8 

  
Where 
𝐹𝐹 fill factor 
𝑃𝑚𝑎𝑥 maximum power output from the cell 
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𝑃 power into the system 
𝐼(𝑡) irradiance 
𝐴 panel area, m2 
𝑉𝑚𝑎𝑥 voltage at maximum power point in volts 
𝐼𝑚𝑎𝑥 current at maximum power point in amperes 
𝑉𝑜𝑐 open-circuit voltage in volts 
𝐼𝑠𝑐 short-circuit current in amperes 
 

Based on Eqn. 7, the calculated module 
efficiencies at 185W/m2, 224W/m2, 513W/m2, 
610W/m2, and 850W/m2 irradiances were 
calculated as 0.51%, 0.38%, 0.41%, 3.67% and 
3.11%, respectively. It is important to note that 
mono-crystalline PV module had values the first to 
the third whilst poly-crystalline PV module had the 
fourth and fifth values. 
 

 
 

Figure 6: A plot of efficiency against maximum power for mono-crystalline PV module. 

 

Conclusion 
This study has analysed a PV cell’s core 
parameters, using Krebs correction to standard test 
conditions. The results obtained from the setup 
were used to plot the current-voltage and power-
voltage curves for a PV module at different 
illumination levels. These results were used to 
estimate the module’s fill factor and efficiency. 
The results were compared to the manufacturer’s 
specifications in the appended OEM datasheet. 
Hence the performance of the module during the 
analysis and its expected performance rating was 
correlated. Most losses in PV systems are 
attributed to shunting in cells, affecting energy 
output from such technologies. These ohmic losses 
could be addressed by utilising the suitable wafer 
geometry and thickness to absorb the most 
wavelengths of incoming light. Thus, 
benchmarking experimental results of core 
parameters for solar cells against their OEM 

datasheet would provide more analytical insights 
into critical performance ratings of different solar 
cells. 
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Appendix 
 

 
LAB MANUAL (PG 3) 

 
 
 
 
 



  KUJAS Journal: Vol 1, 2023 

 

 

Website: koladaisiuniversity.edu.ng/kujas  

© KUJAS, Volume 1, 2023 

Faculty of Applied Sciences 

 

 

130 

 

B.  Manufacturer’s datasheet 
 
 

 
 

THE 5W SOLAR PANEL OEM DATA-SHEET 
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1.5W POLYCRYSTALLINE SOLAR PV OEM DATA SHEET 
(Ref: Electronics Katrangi Trading) 
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C. Data output 
 
 

 
 

DATA OUTPUT 0F THE 5W MONOCRYSTALLINE PV MODULE AT OF IRRADIANCE 185W/M^2 
 
 

 

DATA OF 5W MONO-CRYSTALLINE PV MODULE AT IRRADIANCE OF 224W/M^2 
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RAW DATA OF THE 1.5W POLYCRYSTALLINE PV MODULE AT IRRADIANCE 610W/M^2 
 
 

 
 

RAW-DATA OF 1.5W POLYCRYSTALLINE PV MODULE AT IRRADIANE 850W/M^2 
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D. Calculations 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Name: ADESIYAN AYOMIDE EMMANUEL        % 
% Date:  20/12/2021                       %        
%THIS IS A MATLAB CODE FOR THE DATA-ANALYSIS % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
 
% House keeping % 
 
clc;                % clear workspace 
clear all;          % clear command window 
close all;          % close all figure and plot 
 
% Importing input data % 
 
solar_data = xlsread ('1.5W_185W.xlsx','untitled'); 
solar_data1 = xlsread ('1.5W_224W.xlsx','untitled'); 
solar_data2 = xlsread ('1.5W_513W.xlsx','untitled'); 
solar_data3 = xlsread ('610_0.3.xlsx','untitled'); 
solar_data4 = xlsread ('850_0.3.xlsx','untitled'); 
 
V_data = solar_data(:,1); 
I_data = solar_data(:,2); 
P_data = solar_data(:,3); 
 
V_data1 = solar_data1(:,1); 
I_data1 = solar_data1(:,2); 
P_data1 = solar_data1(:,3); 
 
V_data2 = solar_data2(:,1); 
I_data2 = solar_data2(:,2); 
P_data2 = solar_data2(:,3); 
 
V_data3 = solar_data3(:,1); 
I_data3 = solar_data3(:,2); 
P_data3 = solar_data3(:,3); 
 
V_data4 = solar_data4(:,1); 
I_data4 = solar_data4(:,2); 
P_data4 = solar_data4(:,3); 
 
%% Graph plotting 
 
figure() 
plot (V_data,I_data,V_data1,I_data1,V_data2,I_data2, 'linewidth', 3.5) 
xlabel('Voltage (V)') 
ylabel('Current (I) in amps') 
grid on 
title(‘A plot of current (I) against voltage (V) for mono-crystalline PV module’) 
legend('185W/m^2','224W/m^2','513W/m^2') 
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figure() 
plot(V_data,P_data, V_data1,P_data1,V_data2,P_data2, 'linewidth', 3.5) 
xlabel('Voltage (V)') 
ylabel('Power (P) in Watts') 
grid on 
title(‘A plot of power (P) against voltage (V) for mono-crystalline PV module’) 
legend('185W/m^2','224W/m^2','513W/m^2') 
 
figure() 
plot(V_data3,I_data3,V_data4,I_data4, 'linewidth', 3.5) 
xlabel('Voltage (V)') 
ylabel('Current (I) in amps') 
grid on 
title(‘A plot of current (I) against voltage (V) for poly-crystalline PV module’) 
legend('610W/m^2','850W/m^2') 
 
figure() 
plot(V_data3,P_data3,V_data4,P_data4,'linewidth', 3.5) 
xlabel('Voltage (V)') 
ylabel('Power (P) in Watts') 
grid on 
title(‘A plot of power (P) against voltage (V) for poly-crystalline PV module’) 
legend('610W/m^2','850W/m^2') 
 
%% Fill factor calculations 
I_sc_185W = max(I_data); 
V_oc_185W = max(V_data); 
P_max_185W = max(P_data); 
FF_185W = (P_max_185W/(I_sc_185W*V_oc_185W)); 
 
I_sc_224W = max(I_data1); 
V_oc_224W = max(V_data1); 
P_max_224W = max(P_data1); 
FF_224W = (P_max_224W/(I_sc_224W*V_oc_224W)); 
 
I_sc_513W = max(I_data2); 
V_oc_513W = max(V_data2); 
P_max_513W = max(P_data2); 
FF_513W = (P_max_513W/(I_sc_513W*V_oc_513W)); 
 
I_sc_610W = max(I_data3); 
V_oc_610W = max(V_data3); 
P_max_610W = max(P_data3); 
FF_610W = (P_max_610W/(I_sc_610W*V_oc_610W)); 
 
I_sc_850W = max(I_data4); 
V_oc_850W = max(V_data4); 
P_max_850W = max(P_data4); 
FF_850W = (P_max_850W/(I_sc_850W*V_oc_850W)); 
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%% Efficiency calculations 
Area_1 = 0.09*0.295; 
E_185W = P_max_185W/(Area_1*185); 
E_224W = P_max_224W/(Area_1*224); 
E_513W = P_max_513W/(Area_1*513); 
 
Area_2 = 0.251*0.155; 
E_610W = P_max_610W/(Area_2*610); 
E_850W = P_max_850W/(Area_2*850); 
 
%% Plots of efficiency and P_max 
E = [E_185W,E_224W,E_513W,E_610W,E_850W]; 
P = [P_max_185W,P_max_224W,P_max_513W,P_max_610W,P_max_850W]; 
 
figure() 
plot(P,E, 'r -.', 'LineWidth',3) 
ylabel('Efficiency %') 
xlabel('Power, W') 
grid on 
title('Efficiency vs maximum power plot')

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




