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ABSTRACT 

Photovoltaic (PV) shading, resulting from various environmental factors such as nearby buildings, trees, 

and debris, significantly reduces the efficiency and energy output of solar panels. This research aims to 

address the critical issue of optimizing PV systems to minimize the adverse effects of shading by 

investigating the impact of partial shading on the efficiency of a PV module. Utilizing a PSCAD simulation 

model representing a 36-cell PV module under varying shading scenarios, several shading profiles were 

tested, and their outcomes are detailed. The study encompassed assessments conducted under normal 

conditions, Maiduguri weather conditions, and partial shading levels of 25%, 50%, and 75%. The findings 

revealed that under normal conditions, the output power of the solar panels is 170 Watts, while at shading 

levels of 25%, 50%, and 75%, the output power decreases to 110 watts, 65 Watts and 15 Watts respectively. 

This underscores the observed reduction in output power due to partial shading compared to optimal 

operating conditions. Based on the results, it is recommended that PV systems in environments prone to 

shading incorporate bypass diodes and microinverters to enhance performance. Additionally, adopting 

advanced MPPT algorithms can further optimize energy output. Future research should focus on the 

development of more robust shading prediction models and the integration of smart shading management 

systems to dynamically adjust PV configurations in real-time. 
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1 INTRODUCTION 

he performance of a solar photovoltaic module connected in series is significantly impacted when 

its cells are not uniformly illuminated. Despite some cells being shaded and producing less photon 

current, all cells in a series array are compelled to carry the same current [1]. With the rising 

popularity of integrated PV arrays, encountering partial shading due to nearby buildings and trees 

throughout the day and across seasons has become unavoidable [2]. Given these circumstances, 

investigating the effects of partial shading on modules becomes essential. Thus, a PSCAD model 

representing a PV module comprising 36 series-connected cells has been developed for this purpose. This 

model enables the examination of shade effects on different numbers of cells and their power output under 

varying illumination levels, particularly under the weather conditions of Maiduguri, Borno State, Nigeria. 

1.1 Key Solar Parameters 

Radiation (S): This parameter represents the solar power reaching the module and is measured in 

watts per meter square (W/m²). Its range typically varies from 1000 W/m² to 200 W/m². Module 

Temperature: This refers to the temperature attained by open-circuited modules under Standard Test 

T 
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Conditions (STC). Open Circuit Voltage (Voc): This is the maximum voltage attainable from a solar module, 

occurring when there is zero current flowing. Voc is influenced by solar radiation and operating temperature. 

Short Circuit Current (ISC): ISC represents the current flowing through the solar module when the voltage 

across it is zero, or when it is short-circuited. Like Voc, ISC values are affected by solar radiation and 

operating temperature. Maximum Power Point Voltage (Vmax): This is the voltage produced by the solar 

panel when its power output is at its peak. It indicates the amperage that the panel should register when 

connected to solar equipment under STC. Maximum Power Point Current (Imax): This is the current 

generated by the solar panel when its power output is at its maximum. It reflects the amperage that the panel 

should register when connected to solar equipment under STC. Maximum Power output (Pmax): This is 

the highest power output of the solar panel under STC. It is calculated by multiplying the current and voltage 

at the maximum power point [3, 4]. 

1.2 Equivalent Circuit of SPV Module 

The methodology employed utilizes the PSCAD platform for simulating the photovoltaic cell, 

specifically of the module type PS-P310-36. This approach relies on the foundational circuit equations 

governing solar PV cells, which take into account various physical and environmental factors such as solar 

radiation and cell temperature. To analyze the performance of photovoltaic systems (solar cells/panels), 

including the IV (current-voltage) curve and the P-V (power-voltage) curve, an equivalent circuit model is 

employed. This equivalent circuit model comprises a current source along with two resistors, one in parallel 

and the other in series. Equations (15) derived from these electronic components are utilized for the 

photovoltaic systems [5, 6]. Figure 1 illustrates an equivalent circuit of a photovoltaic system featuring a 

single diode. 

 

Figure 1. PSCAD equivalent circuit of SPV Module 

The output current I through RL is given by (1) [7]. 

I = IL− Id(A − 1) − B                                                                                                                                   (1) 

𝑊ℎ𝑒𝑟𝑒 𝐴 = 𝑒𝑉𝑡, 𝐵 = 
V+IRse 

Rsh
;  Vt is the thermal Voltage, V is the PV Voltage, Rsh is the shunt 

resistance Rse is the series resistance, Il is the Load Current, Id is the diode Current. 

1.3 Effect of Shadow on the Module 

When a shadow casts onto a cluster of cells, it diminishes the overall output through two 

mechanisms: (1) by decreasing the energy intake to the cell, and 2) by escalating energy losses within the 

shaded cells. If the currents within the module (I) are lower than the shaded light current (ILs), the diode 

Ds becomes forward biased, eliminating risk for the shaded cells. Conversely, a reverse-biased diode Ds 

poses a high resistance, leading to power consumption and a notable decrease in the load current I. 

Consequently, point B will assume a negative potential [8, 9]. 
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Figure 2. PSCAD equivalent circuit of SPV module consists of 36 cells in series with nonuniform 

illumination 

1.4 Factors Affecting the Performance of SPV Module Under Partial Shading 

For fully covered F = 0 and for fully uncovered F = 1. When a solar cell in a series array is under 

shadow, its current output is given by equation 2. 

  Is = FIL ― IDi (As  − 1)  − Bs                                                                                                     (2) 

  𝑊ℎ𝑒𝑟𝑒 𝐴𝑠 = 𝑒 𝑉𝑡; 𝐵𝑠 = 
VDS

Rshs
 

𝑉𝐷𝑆 = 𝑣𝑆 + 𝐼𝑆 𝑅s𝑐s                 (3) 

In the same vein, the current passing the brightened cells is express as in (4). 

Ii = FIL ― IDi (Ai  − 1)  − Bi                                                                                                                      (4) 

Where Ai = e
VDi
Vt ; Bi = 

VDi

Rshi
; VDi is the voltage across diode I; Vt is the thermal voltage; Rshi is the 

shunt resistance of the ith diode. 

VDi = vi + IiRsci                                                                                                                                               (5) 

As the shadowed and brightened modules are connected in series, current of the same magnitude 

pass in through them. Hence, I in place of Ii and Is in expression 1, 2, 3 and 4. 

𝐼 = FIL ― IDi (As  − 1)  −  Bs                                                                                                                      (6) 

  𝐼 = FIL ― IDi (Ai  − 1)  −  Bi                                                                                                                       (7) 

As the value of F decreases from 1 to 0, 𝑒 𝑉𝑡 tends to zero. Therefore (4) can be simplified as; 

𝐼 = FIL + IDi  ―  
Vs‘+Iscs

Rshs
                                                                                                                                  (8) 

Rearranging (8), the expression for the voltage across the shaded cell vs can be obtained as, 

V = ∑ Vij
a
j=0  +  ∑ Vsk

b
k=0                                                                                                                               (9) 

Where, Vij is the voltage across i – j th shaded diode, Vsk is the voltage across s – k th unshaded 

diode. The power dissipated by the shaded cell is obtained by using (10) as, 

PDs = I × vs = I((FIL − I)Rshs − IRses)                                                                                                   (10) 

Power dissipation in the shaded cell may be substantial leading to increase in its temperature. This 

can damage the cell encapsulation and eventually produce module failure [10]. 

2 METHODOLOGY 

The model of the PV module was created in PSCAD platform and the manufacturers cell datasheet 

of polycrystalline photovoltaic module type of PR – S410 - 36 under STC was used for the analysis with 

environmental conditions such as temperature, 25C to 45C radiation, 200W/m2 to 1000 W/m2 of 
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irradiance level, and 1.5 of the air mass. (AM). The Technical attributes of the photovoltaic modules used 

for this model are shown in Table 1 [11]. 

Vs = (FLL − I)Rshs                                                                                                                                      (11) 

Table.1. Technical specifications of the solar cell and solar module used 

S/No. Parameters Single Cell Module 

1 Power output 1.03W 37.08W 

2 Maximum Power Point Voltage 0.46V  16.56V 

3 Maximum Power Point Current 2.25A  2.25A 

4 Open circuit voltage 0.59V  21.24V 

5 Short circuit current 2.55A  2.55A 

 

This study initially simulated the standard module, followed by simulating the module under 

Maiduguri weather conditions. Finally, the study investigated the impact of shading 25%, 50%, and 75% 

of the modules in the 36 Module PV array by employing the following scenarios. 

2.1 Scenario case one 

The radiation and cell temperature values of all the arrays were set to be 1000 W/m2 and 25C 

respectively being the standard test condition and simulated to observe the I-V curve. The radiation and cell 

temperature values of all the arrays were set to be 266 W/m2 and 42C respectively being Maiduguri weather 

condition and simulated to observe the I-V curve. Reduced the radiation of PV array1, PVarray1 and PV 

array2 and PV array1, PV array2 and PV array3 using the sliders to emulate shading of the cells by 25%, 

50% and 75% and observed the new I-V curve. The PV Module and Array model in PSCAD environment 

used for the analysis is shown in Figure 3. 

 

Figure 3. PV Module and Array model in PSCAD 

2.2 Scenario Case two 

The breaker switch was closed (i.e. the by-pass diodes). To investigate the shading effect, the 

radiation and cell temperature values of both arrays were set to be 1000 W/m2 and 25C for different shading 

levels and simulation was carried to observe the I-V curve. Reduce the radiation of PVarray1, PVarray1 and 

PVarray2 and PVarray1, PVarray2 and PVarray3 using the sliders to emulate shading of the cells by 25%, 

50% and 75% and observe the new I-V curve. If bypass diodes are not provided, the available power drops 

drastically even when a single module experience shading. 
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3 RESULTS AND DISCUSSION 

To study the effect of shading on the performance of the PV module, first, the out current and 

voltage of the module under standard test condition and Maiduguri weather condition were obtained by 

simulating the model of the Module created in PSCAD. The results obtained are presented in the form of I-

V, P-V attribute curves in Figures 4 and 5. 

 
Figure 4. I-V, P-V Attributes under standard test condition 

 

Figure 5. I-V, P-V attributes under Maiduguri Weather condition 

Due to the impact of solar radiation on the exposed solar panels, there are alterations observed in 

the I-V attribute curves depicted in Figures 4 and 5. Specifically, the output current, as illustrated in Figure 

4, undergoes a notable decrease corresponding to the level of insolation reaching the panel's surface area. 

This reduction directly impacts the generated output power of the solar panels [12, 13]. To analyze the effect 

of shadow on the surface area of the panel, the radiation reaching was reduced to 25%, 50% and 75% from 

150 W/m2 and the output current and voltage were recorded and plotted in Figures 6, 7 and 8. 



Nigerian Journal of Engineering Science and Technology Research, Vol. 9, No. 2, 2023(267-273) 

272 
 
 

 
Figure 6. I-V, P-V Attributes under 25% Shading condition 

 
Figure 7. I-V, P-V Attributes under 50% Shading condition 

 
Figure 8. I-V, P-V Attributes under 75% Shading condition 

4 CONCLUSIONS 

In conclusion, the research investigates the effect of shading photovoltaic under different shading 

levels. A model of solar panel with 36 ells was created in PSCAD environment for the analysis. The findings 

from the study evaluating solar panels in different conditions - normal, Maiduguri weather, and partial 

shading at 25%, 50% and 75% levels - indicate that the output power varies. Specifically, under normal 

conditions, the output power is 170 Watts. However, this decreases to 110 Watts under partial shading at 

25%, and further decreases to 65 Watts and 15 watts under shading at 50% and 75% respectively. These 

results underscore the negative impact of partial shading on solar panel output power compared to normal 

conditions. 
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