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ABSTRACT 

 

Renewable energy sources are becoming increasingly popular to address the problem 

of global warming by reducing the amount of carbon in the atmosphere. Solar energy is 

one of the RES that is widely used for generating electricity through a photovoltaic 

generating system (PGS). Partial shading phenomenon occurs when the solar irradiation 

or ambient temperature received by the PV modules varies. The maximum power point 

tracking (MPPT) is crucial to extract the maximum power from PV modules under partial 

shading circumstances (PSC). However, several MPPT techniques are less effective 

under PSC due to the multiple peaks on the P-V curve of PGS in terms of the robustness, 

complexity, and efficiency. This study proposes a particle swarm optimization (PSO) 

algorithm based on MPPT for the PGS to operate under PSC. The objectives of this thesis 

are to synthesis, simulate and evaluate the robustness of PSO algorithm for MPPT under 

PSC. The energy conversion system and PSO algorithm were simulated in 

MATLAB/Simulink. The simulation results demonstrate the viability of the developed 

PSO method because the PSO-based MPPT controller can maximize power from the solar 

panel under a solar irradiation variation. Through the simulations, the proposed PSO-

MPPT algorithm can provide high tracking accuracy and low tracking speed of global 

maximum power point. 
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CHAPTER 1  

 

INTRODUCTION 

1.1 Background  

The world energy demand is increasing annually. The problem of global warming 

can be solved by reducing the amount of carbon in the atmosphere by using renewable 

energy sources. The renewable energy sources (RES) are growing exponentially due to 

its advantages. Since they are widely deployed, they become cheaper due to huge supply 

chains and economics scale. There are several benefits of RES such us energy efficiency, 

environmentally friendly, job opportunity and economic growth. Solar energy is one of 

the vital RES which is utilized for the generation of electricity. The most abundant source 

of energy on the planet is solar energy. An estimated 173,000 TW of solar energy strikes 

the surface of the globe each day [1]. Due to its straightforward layout, solar PV systems 

are currently dominating among various renewable energy sources. According to 

Renewable Energy Statistics 2022, the world installed PV capacity in 2021 reached 843.1 

GW with a significant increase compared to 72.7 GW in 2011 [2]. In Malaysia, the 

installed PV power is gradually increasing from 0.1 GW until 1.8 GW in 2020 as 

demonstrated in Figure 1.1. 
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Figure 1.1: Solar capacity in the world [2] 

1.1.1  Photovoltaic (PV) system 

A solar panel is a collection of photovoltaic solar cells arranged on a rectangular 

frame. The production of a photovoltaic (PV) module entails the connection of multiple 

solar cells in a series configuration. These PV modules are then interconnected either in 

parallel or series to generate the desired output current and voltage. The enduring benefits 

and minimal maintenance demands of solar photovoltaic (PV) energy systems have 

resulted in their widespread adoption and commercialization across numerous nations. To 

deal with the nonlinear properties of PV arrays is the main problem that comes with 

deploying PV power generation systems. Temperature and solar irradiance both affect the 

PV's properties. Due to cloud shading, nearby structures, or nearby trees, a PV array 

suffers varying levels of irradiance. There are grid-connected photovoltaic system and 

standalone photovoltaic system. 
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1.1.2 Grid-Connected Photovoltaic (GCPV) system  

The electrical utility grid system incorporates the GCPV systems. In GCPV, 

inverters convert the array's DC power into AC power that meets the utility grid's voltage 

and power quality criteria. With the aid of an inverter, a bi-directional interface is created 

between the PV system and the utility power output. When the PV system's power output 

exceeds the consumer demand, the bi-directional interface or features allow the PV panels 

to supply AC loads and deliver excess electricity back to the grid [3]. The excess 

electricity produced by GCPV system is sent back to the electrical grid, which then 

supplies power when there is not enough sunlight. Figure 1.2 represents the schematic 

diagram for the GCPV system.  

 

Figure 1.2: Block diagram of GCPV [4] 

1.1.3 Off-Grid Photovoltaic (OGPV) system 

A standalone PV system is also known as off-grid solar system which is not 

connected to the power grid. OGPV systems are beneficial in remote areas, where the 

connection to the grid system is problematic. Due to their independence from energy 

storage, these systems are suitable for powering devices like water pumps, cooling fans, 

and solar thermal heating systems. The independent PV system with backup batteries can 

provide people access to energy when there isn't any sunshine, as at night or when it is 

overcast. A typical standalone PV system would have PV modules, batteries, and a solar 

charge controller. Additionally, an inverter may also be a part of the system, converting 

the DC power from the PV modules to the AC power needed by standard electrical 

appliances. Figure 1.3 shows a schematic illustration of a standalone system. 
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Figure 1.3: Block diagram of OGPV [5] 

1.1.4 Maximum Power Point Tracking (MPPT) on PSC 

A single PV cell generates 1 or 2 W of power [6]. A combination of PV cells 

known as PV module are connected in series. Modules are then connected to form arrays 

which are the fundamental items of the PV system. A solar PV array contains bypass 

diodes and blocking diodes. When a PV module in a string is malfunctioning, blocking 

diodes impede the electric current from flowing backward while bypass diodes behave as 

open circuits. The PV module characteristics curve contains a maximum power point 

(MPP) where the PV system can function at its peak efficiency. Figure 1.4 shows the 

combination of power-voltage and current-voltage curve. MPP is the area of a power (I-

V) curve where the product of the corresponding current and voltage, or the maximum 

power output, is greatest. 

 

Figure 1.4: MPP curve [7] 
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Regarding to the different solar irradiance and temperature, the power-voltage and 

current-voltage curves of PV panels exhibit a non-linear pattern. as shown in Figure 1.5 

and Figure 1.6. For PV modules, there is only real MPP where it generates the most power 

under the solar temperature circumstances [8].  

 

Figure 1.5: I-V Characteristics Curve 

 

Figure 1.6: P-V Characteristics Curve 

However, the partial shading condition of PV modules occur when an object is 

moving and blocking the sunlight from the PV arrays, PV modules will receive lesser 

solar irradiation, thereby decreasing the output current generated by PV modules. This 

situation is known as partial shading condition (PSC) which each of them experience 

different irradiation and temperature. PV modules under PSC experience non-uniform 

illumination and generate heat known as hot-spot effect [9]. The cells will be damaged 

under high temperature, turning it into an open circuit. Hence, for the partially shaded PV 

modules, the bypass diode conducts and behave as an open circuit and minimize power 

loss caused by the shading effect. Under PSC, the PV arrays are bypassed, thereby 

forming several peaks in the I-V and P-V characteristic curve. There will only be one 

global MPP (GMPP) among all the peaks, with the remaining peaks being local MPPs as 

illustrated in Figure 1.7 [10]. The local MPP represents the individual peak power point 

for a specific shaded or partially illuminated section of the PV system, allowing it to 

operate at its maximum efficiency despite shading effects. 
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Figure 1.7: P-V curve under PSC [10] 

In order to maximize the power output of a PV system, the MPP can be tracked 

using a maximum power point tracking (MPPT) algorithm, which adjusts the operating 

point of the PV array to follow the MPP as the solar irradiance and other operating 

conditions change. Maximum power point tracker (MPPT) is typically used in 

conjunction with the power converter to optimize the utilization of large arrays of PV 

modules. The MPPT approach helps the PV system produce the highest amount of output 

power from the PV arrays. 

1.2 Problem Statement 

Particularly in low irradiation conditions, the efficiency of PGS-based energy 

generation is poor (9–17%), and the amount of electricity produced by solar arrays 

frequently varies with the weather, which is a key drawback for PV generation systems. 

There are numerous MPPT algorithms such as incremental conductance, perturb and 

observe (P&O), fractional open circuit voltage and ripple correlation which have been 

proposed over the years. These techniques perform well under constant solar irradiance 

and temperature. The P-V characteristics curve, however, will exhibit several peaks and 

become more complex under PSC. Since PV modules in the same string undergo different 

solar irradiance, the performance of the conventional MPPT algorithms is less efficient. 

These techniques obey the hill climbing principle and only locate a local MPP as the P-

V curve is multimodal. Although the structures are simple and are easy to be 
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implemented, the PV system may not function at the MPP as the solar power from the 

PV arrays are not fully utilized under the conditions of partial shading. Therefore, the 

utilization of a suitable maximum power point tracking (MPPT) algorithm is crucial in 

enhancing the efficiency and extracting the maximum available power from the 

photovoltaic (PV) system.. 

1.3 Objectives 

The objective of this project is to present a maximum power point tracking 

(MPPT) approach, which investigates the output characteristics of a photovoltaic (PV) 

system under partial shading conditions of the PV array. The following goals must be 

attained for this project to achieve its intended goals: 

i. To synthesize a Particle Swarm Optimization algorithm for solar PV under 

partial shading condition 

ii. To simulate a PSO algorithm on MATLAB environment  

iii. To evaluate the robustness of PSO algorithm under various working 

conditions 

1.4 Research Questions 

There are some of the research questions for this study are guided by the following 

questions:  

i. Is the PSO manage to track the GMPP under PSC?  

ii. Does the MATLAB software applicable in the real working condition of PSC? 

iii. What parameters are used in order to evaluate the robustness of PSO? 

1.5 Thesis Outlines 

Introduction, literature reviews, methodology, results, and discussion, as well as 

conclusion and recommendations, comprise the five chapters of this report.  

Chapter 1 covers the project's background, present global concerns, aims, and 

project outlines. The objectives of this project explain the goal.  


