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Abstract
Photovoltaic (PV) systems are one of the most promising technologies in the field of re-

newable energy due to their ability to directly convert sunlight into electricity. However, these 
systems are highly susceptible to environmental influences, especially partial shading. Partial 
shading can significantly degrade the energy output of PV arrays and introduce multiple lo-
cal maxima on the power-voltage (P-V) curve, complicating maximum power point tracking 
(MPPT). Even minimal shading can lead to hotspots and long-term damage in PV cells. Tra-
ditional analytical models often ignore these complexities, resulting in inaccurate system pre-
dictions. This paper presents a detailed MATLAB/Simulink model that simulates the impact 
of partial shading on PV performance.
Keywords: photovoltaic systems, Simulink, MPPT, bypass diodes, performance analysis, 
dynamic modeling, power loss, series connection, modular design

Introduction
In the current era, global energy demand 

continues to rise, driven by industrialization 
and population growth. Simultaneously, en-
vironmental concerns such as climate change 
necessitate a  shift toward renewable energy 
sources. Photovoltaic (PV) systems offer a sus-
tainable solution by converting solar energy 
directly into electricity. They are environmen-
tally friendly, quiet in operation, and have low 
maintenance requirements. Among renew-
able technologies, PV has gained prominence 
for its modularity and scalability. However, 

real-world deployment of PV systems pres-
ents numerous challenges. One of the most 
critical among them is partial shading. Shad-
ing can occur due to trees, buildings, clouds, 
or dirt. Even a  small amount of shading on 
a PV module can affect the output of the en-
tire array. This is particularly true for series-
configured systems where current mismatch 
occurs. The result is not just reduced efficiency 
but also potential damage to modules through 
hotspots. Conventional models often fail to 
account for the nonlinear behavior caused by 
shading. This leads to misleading predictions 
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about energy yield and system reliability. Ac-
curate modeling is therefore essential for per-
formance assessment. Simulink, a  graphical 
simulation environment by MATLAB, pro-
vides an excellent platform for modeling such 
dynamic systems. The use of Simulink enables 
integration of various subsystems, including 
bypass diode functionality. This paper focuses 

on modeling the electrical performance of PV 
arrays under partial shading conditions. The 
ultimate goal is to understand and mitigate the 
effects of shading. It seeks to help researchers, 
designers, and policymakers make informed 
decisions. Additionally, the model can be used 
for educational purposes to demonstrate the 
impact of shading.

Figure 1. Current-Voltage (I–V) Characteristics of PVA
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Figure 2. Power-Voltage (P-V) Characteristics of PVA
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The simulation also helps in visualizing 
the P-V and I–V curve deviations. The pres-
ence of multiple peaks in the P-V curve under 
shading complicates MPPT. Standard MPPT 
algorithms like Perturb and Observe often 
fail in such cases. Understanding the behav-
ior under different shading patterns is thus 
crucial. This study fills a gap in existing liter-
ature by providing a modular and customiz-
able model. It contributes both theoretically 
and practically to the field of renewable en-
ergy. The model enables simulation of vari-

ous real-world conditions. It can also help in 
optimizing the layout of PV arrays during in-
stallation. This introductory section lays the 
foundation for the rest of the paper. The pa-
per is structured to guide the reader through 
the problem, methodology, results, and im-
plications. The introduction makes clear why 
this study is timely and necessary. It ends by 
reaffirming the goal of improving PV system 
performance under shading.

The single diode equivalent circuit model 
is the most commonly used model for a PV 
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module due to its simplicity. The circuit con-
sists of a current source (Iph), a diode, a re-

sistor in parallel (Rp), and a resistor in series 
(Rs).

Figure 3. Electrical equivalent circuit diagram of single diode PV cell structure

It is possible to increase the power output 
by connecting solar panels in series, parallel or 
mixed structure. Systems created in this way 
are called complex structured PV energy sys-
tems. Two important factors that determine 
the maximum power that can be obtained from 
a PV module are solar radiation and tempera-
ture. The power generated from the PV module 
is calculated by multiplying the module current 
and voltage. There is a standard test condition 
for evaluating efficiency in PV systems. The 
values under these standard test conditions are 

generally included in the catalogs of PV panels 
(Altas I. H. and Sharaf A. M., 2008).

The maximum power point provided in 
response to a certain voltage and current val-
ues in the power-voltage characteristic curve 
of PV panels is 1000  W/m2 under standard 
test conditions. The radiation and tempera-
ture value is defined as 25  °C module tem-
perature. However, these conditions may not 
always occur. The output current and voltage 
values of the PV module are also affected by 
this situation.

Figure 4. Shows the current-voltage 
characteristic curves of the 260 W PV 

module under different radiation values

Figure 5. Current-voltage 
characteristic curves of PV cell module 

under different radiation values

 

Methodology
This study employs MATLAB/Simulink to 

develop a  dynamic simulation model for PV 
systems affected by partial shading. The mod-
el is built using blocks that represent the elec-
trical behavior of photovoltaic cells. A single-
diode equivalent circuit is used to simulate the 
core characteristics of the PV module. The cur-
rent source, diode, series resistance, and shunt 
resistance are configured to reflect real panel 
behavior. Standard test conditions (STC) are 
used for baseline calibration. The model allows 

for variation in irradiance and temperature to 
mimic real environmental scenarios. Shading 
is introduced by altering irradiance inputs to 
specific cells or modules. The simulation in-
cludes scenarios such as row shading, corner 
shading, and random shading patterns. Bypass 
diodes are integrated into the model in paral-
lel with series-connected module blocks. These 
diodes are activated when the current drops 
below a threshold. This prevents damage and 
minimizes power losses during shading. The 
Simulink model also includes measurement 
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tools to track voltage, current, and power. The 
block diagram is modular, making it easy to 
modify or expand. Parameters such as mod-
ule area, temperature coefficient, and irradi-
ance levels are user-defined. The simulation 
is run for a  fixed time interval under each 
scenario. Results are collected and visualized 
using scopes and data displays. A key part of 

the methodology is comparing shaded and 
unshaded performance. The model does not 
include grid connection or battery storage sys-
tems. Emphasis is placed solely on the shading 
effect and its mitigation. The model is validated 
by comparing its outputs with known theoreti-
cal patterns. The methodology section ensures 
reproducibility for future studies.

Figure 6.

Figure 7.

 

Results and Discussion
Simulation results show that shad-

ing significantly affects PV performance. 
Even slight shading of one cell reduces the 
current of the entire string. The  I–V and 
P-V curves demonstrate clear deviations 
from standard conditions. Multiple peaks 
emerge in the P-V curve under partial shad-

ing. This makes it difficult for MPPT algo-
rithms to locate the global maximum power 
point. Without bypass diodes, shaded mod-
ules absorb excess heat, creating hotspots. 
The inclusion of bypass diodes mitigates 
this issue by redirecting current. When by-
pass diodes activate, power output is par-
tially restored. However, energy is still lost 
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compared to fully illuminated conditions. Different shading patterns produce differ-
ent loss levels.

Figure 8.

Conclusion
This study successfully developed 

a Simulink-based model to evaluate the ef-
fects of partial shading on PV systems. The 
model accurately replicates the electrical be-
havior under different irradiance conditions. 
Partial shading was shown to cause signifi-
cant efficiency losses and introduce multiple 
power peaks. The integration of bypass di-
odes helped reduce these losses. Simulation 
results align with established theories and 
real-world observations. The model is useful 
for both academic research and engineering 
design. It allows for the testing of various 
shading scenarios and their effects. One key 
contribution is the modularity of the model 
for future expansion. It can be adapted for 
different PV technologies or layout configu-

rations. The model also assists in education-
al contexts to illustrate shading phenomena. 
It emphasizes the need for thoughtful array 
design in real installations. Future research 
may include real-time validation or integra-
tion with MPPT algorithms. Real hardware 
implementation could enhance the findings. 
The model could also benefit from incorpo-
rating weather data for temporal analysis. 
Dynamic irradiance profiles would improve 
realism further.

This study was prepared as part of the 
author’s MSc thesis work in Electrical and 
Electronics Engineering at Ostim Technical 
University, under the supervision of Prof. Dr. 
İsmail Hakkı Altaş.

References

Axisa, M., de Waal, A. C., & van Sark, W. G. J. H. M. (2025). Quantifying the effect of shadow 
formation on photovoltaic sources using image analysis. EPJ Photovoltaics, – 16 p.

Özkalay, E., Baumgartner, F., & Allenspach, C. (2024). The effect of partial shading on the reli-
ability of photovoltaic modules in residential systems. EPJ Photovoltaics, – 15 p.

Baumgartner, F., et al. (2024). Performance of partially shaded PV generators operated by 
optimized power electronics. IEA PVPS.

Baghdadi, A., & Abuhussain, M. (2025). In-depth analysis of photovoltaic-integrated shading 
systems’ performance in residential buildings. Buildings, – 15(2). – 222 p.



The European Journal of Technical 
and Natural Sciences 2025, No 3

DEVELOPMENT OF A SIMULINK MODEL FOR SHADING EFFECTS34

Section 2. Electrical engineering

Minelli, F., et al. (2023). PhloVer: A modular and integrated tracking photovoltaic shading 
device for sustainable large urban spaces. Energies, – 16(15). – 5786 p.

Mirbagheri Golroodbari, S., et al. (2023). Shading tolerant PV modules measurements and 
simulation. IEA PVPS.

Pendem, S. R., & Mikkili, S. (2022). Numerical modeling, simulation and evaluation of con-
ventional and hybrid PV array configurations under partial shading conditions. EPJ Pho-
tovoltaics, – 13 p.

Yadav, A. S., et al. (2024). Performance analysis of partially shaded high-efficiency mono PERC 
PV modules. Scientific Reports, – 14 p.

Olivares, J., et al. (2024). Predictive modeling of shading effects on photovoltaic panels using 
regression analysis. arXiv preprint, arXiv:2412.17828.

Lalili, Y., et al. (2024). Optimal MPPT control of a photovoltaic system under non-uniform 
irradiation. arXiv preprint, arXiv:2411.16650.

Altas I. H. and Sharaf A. M. “A Photovoltaic Array Simulation Model for Matlab-Simulink GUI 
Environment,” in Proceedings of the 2007. IEEE Conference, 2007. – P. 341–349.

Altas I. H. and Sharaf A. M. “A novel maximum power fuzzy logic controller for photovoltaic 
solar energy systems,” Renewable Energy, – Vol. 33. – No. 2. – P. 388–399. Apr. 2008. Doi: 
10.1016/j.renene.2007.03.002.

submitted 21.04.2025;
accepted for publication 05.05.2025;
published 26.06.2025
© Abiyev E.
Contact: elvin99.a@gmail.com


