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This paper presents the optimization of photovoltaic (PV) systems and
development of optimization algorithms for the power output of a
solar PV system. The aim of the study was to investigate and
understand the various existing optimization techniques and methods,
then develop an algorithm that can optimize a solar PV system and
compare the results. The optimization method used was MPPT
(maximum power point tracking) and (Perturbation and observation)
P&O algorithm. The (Instantaneous and Incremental conductance)
INC algorithm and Genetic algorithm were developed. Development

and simulation of the optimization methods and developed algorithms
was achieved with the use of Matlab Simulink software. For this study,
the output of the optimized system with the MPPT method trained with
P&O optimization, INC algorithm and Genetic algorithm were
compared with the output of an unoptimized system under different
atmospheric conditions and then to each other. The results of the
optimized system were compared with the result of the unoptimized
system. From the result, it was found out that the optimized system has
a better response, lesser error, better accuracy and tracking speed
than the unoptimized system. The study revealed the need of
optimization in PV system and the step-by-step process of developing
an optimization algorithm was shown

Algorithm, Matlab Simulink, Code.
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1. Introduction

Due to the many benefits of photovoltaic power generation, commonly known as solar power, it is
attracting a lot of interest. It allows for the development of sustainable electricity without harmful
emissions due to its clean and non-polluting energy production capabilities. Sunlight is immediately
converted into electricity by photovoltaic systems, making it a dependable and sustainable source
of power [1].

Electricity production near to the user is one of the main benefits of photovoltaic power generation
[2]. This lowers transmission losses, which occur when power is delivered over long distances,
making the supply of energy more efficient [3]. Furthermore, photovoltaic systems require less
maintenance, which adds to their allure. Additionally, solar systems have a particularly long lifespan
that enables long-term electricity production. Because of their durability, engineers and investors
seeking dependable and sustainable energy solutions appreciate them [4].

The power output of a photovoltaic (PV) grid array has been optimized using a variety of
optimization approaches and control algorithms [5].

PV optimization is crucial for maximizing energy production, boosting system effectiveness, and
increasing the PV installations' economic feasibility. PV systems may capture more sunlight and
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convert it into electricity by optimizing factors including system configuration, module orientation,
and tracking devices, which increases energy generation and overall energy yield [6]. Through the
use of algorithms that evaluate data, simulate system behavior, and pinpoint ideal operating points,
optimization also minimizes energy losses and maximizes power production [7]. By altering system
components in real-time, this ensures that PV systems run as efficiently as possible [7].
Genetic algorithms and machine learning are two recent examples of technology that have benefited
the field of PV optimization [8]. These cutting-edge algorithms allow for effective exploration of
complicated parameter spaces while taking into account a variety of factors and restrictions to
identify the ideal PV system configurations and operational approaches [8]. By fine-tuning
optimization algorithms, PV systems produce more energy, are more efficient, and are less
expensive while operating at their peak capacity [9]. PV installations can give optimum performance
while overcoming obstacles and constraints thanks to this exact control and optimization [10].
According to [4], for the purpose of optimizing the location of solar panels, [4] suggested a brand-
new method based on genetic algorithms. Their strategy intended to optimize the solar system's total
energy production by taking into account elements including panel orientation, geography, and
shade.

Modeling of photovoltaic system and design of MPPT controller using PSO algorithm” by [4,8]:
Particle swarm optimization (PSO) is a method that [7] developed for the positioning of solar panels.
Real-time weather information was used in their research to dynamically improve panel location,
resulting in greater energy production efficiency.

[8] In his thorough examination of sun tracking algorithms, [8] contrasted numerous strategies
including azimuth-elevation, two-axis tracking, and slanted tracking. Their study assessed how
various algorithms affected energy production and system cost-effectiveness.

Solar tracing by network adaptive techniques” by [6]: With the use of machine learning methods,
[6] suggested an adaptive control system for solar tracking that would dynamically change the
orientation of the panel in response to outside factors in real time. Their approach enhanced energy
production while also improving tracking accuracy.

[12] Created a shading analysis program that evaluates the impacts of shade on solar panels using
3D modeling methods. Their study intended to maximize energy output by minimizing shadowing
and optimizing the arrangement of solar panels.

In order to maximize the power output of a photovoltaic (PV) grid array, various techniques and
control methods have been proposed [13]. One such method is the Maximum Power Point Tracking
(MPPT) control, which aims to find the optimal operating point at which the PV system can generate
the maximum power output. The MPPT control method involves estimating the process by
perturbing the system and observing its response. Typically, the estimation and perturbation
processes are repeated at regular intervals to continuously search for the maximum power output of
the PV grid array. An advanced version of this method is the estimate-perturb-perturb (EPP) method
[8], which significantly improves the tracking accuracy and speed of the MPPT control.

Most of the reviews make reference to positing of the PV, optimizing solar systems using one
method, developing algorithms using one method. The results showed that the proposed technique
is applicable, but comparison was not done for their study.

This paper presents maximize the electrical power of the PV panel, the technique which is based on
exploring the various methods of solar PV optimization system. Optimization of solar PV system
and develop two algorithms for solar optimization. Comparison of optimized system to unoptimized
system in each of the system will be done.
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2. Methodology

The study employs a simulation-based approach to evaluate and compare the effectiveness of the
optimization methods. A computational model representing a typical PV system will be developed,
and various scenarios are simulated to analyze the impact of each optimization technique on energy
output and system efficiency will be done. The PV system will be optimized using MPPT
optimization method, while P&O algorithm, INC algorithm and Genetic algorithm will be used for
PV system optimization, these algorithms will be developed in MATLAB Simulink. The response
of an optimized system (P&O and GA) will be compare with an unoptimized system under different
conditions using MATLAB Simulink. Also the response of the P&O and GA algorithm was
compared to each other.

2.1 Optimization Solar PV System Using MPPT

The growing need for clean, renewable energy has resulted in considerable breakthroughs in solar
PV technology. However, solar energy production is heavily impacted by elements such as weather,
shadowing, and panel temperature, all of which may have an impact on system efficiency and
output. The goal of this research is to investigate and assess different PV optimization approaches
in order to overcome these difficulties and improve the overall performance of solar PV systems.
The proposed PV system for this study is shown in figure 1.
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Figure 1: The photovoltaic system

The system uses 315W solar panels with the following specifications

Maximum power (w) 315.072
Open circuit voltage Voc (v) 64.6
Voltage at max. power point Vmp (v) 54.7
Temp. coefficient of Voc (%/deg.C) -0.27269
Cells per Module (Ncell) 96
Short-circuit current Isc (A) 6.14
Current at max. power point Imp (A) 5.76
Temp. coefficient of Isc (%/deg.C) 0.061694

To obtain 3KW from the PV system, 10 solar panels was used approximately
3000

315.072
= 10 panels (approx.)
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The output from the panel is passed through a control circuit (optimization circuit), then an inverter
and finally to the load.

[Paok » 2] Control » -

MPPT Control

Figure 2 MPPT system
Figure 7. shows the MPPT system to be used in the simulation. The system is trained with P&O
algorithm for PV optimization

2.2 Development of P&O algorithm

As previous discussed, there are a number of algorithms used with MPPT controller. In this section
algorithm step by step using the perturb and observe approach (P&O) was develop. figure 9, shows
the flowchart for the P&O algorithm.

Step 1: MATLAB System block was obtained from Simulink fundamental library. This block in
figure 8, allows taking measurement of the PV parameters and writing the code for the optimization
algorithm.

caller ') initialize
<FunctionName C Y fly b Yu 0 yp v 3 MI:_I[EJEE;‘E: matlabfile
C Caller C Function Fon Function Caller Initialize Function  Interpreted MATLAB  Level-2 MATLAB
Function S-Function
5 [
|\ reset .
4 M P O i system % Y s b ilgjnw y=tiu)
fen ) simulink/User-Defined Functions/
MATLAB Function =~ MATLAB | MATLAB System: nction S-Function Builder ~ 5-Function Examples  Simulink Function
(D) terminate Implement block using a System
object. Sperify the class name.
Terminate Function

Figure 3: obtain MATLAB System block
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Figure 4: P&O System

vy

Step 2: figure 10, set constant parameters for the algorithm, the minimum duty cycle, maximum
duty cycle, duty cycle steps

Parameters for Perturb and Observe Algorithm:

(D = Boost converter duty cycle)

Initial value for D output (Dinit) | 0475
Upper limit for D (Dmax) 0.60
Lower limit for D (Dmax) 04 Param
Increment value used to increase/decrease (DeltaD) 20e-6

Figure 5: parameters for P&O algorithm

Step 3: obtained voltage and current from the PV module to calculate power. The measure power
and voltage are compared to the previous reading from the PV module
if isempty(Vold)
Vold=0;
Pold=0;
Dold=Dinit;
end
P=V*I;
dv=V - Vold,
dP=P - Pold;

Step 4: track maximum power of the PV module by checking to see if the newly measured voltage
and power is less than the previously measured voltage and power.
ifdP <0
ifdv <0
D = Dold - deltaD;
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else
D = Dold + deltaD;
end
else
ifdv<0
D = Dold + deltaD;
else
D = Dold - deltaD;
end
end

On request for the complete code of the algorithm.

2.3 Development of INC Algorithm

The INC algorithm is another popular algorithm used with MPPT controller. In this section
algorithm step by step using the incremental conductance algorithm was developed. Figure 11 shows
the flowchart for the INC algorithm.

Step 1: obtain the function block as discussed in the previous section.

Vpv v
4 o
! ModINC
LT ModINC

Figure 6: INC system

Step 2: set the limits of the algorithm and obtain the current and voltage from the PV system to be
optimized
function D=ModINC(V, 1)

Dinit = 0.6; %lnitial value for D output

Dmax = 0.65; %Maximum value for D

Dmin=0.1; %Minimum value for D

deltaD = 0.002; %Increment value used to increase/decrease the duty cycle D

step 3: track maximum power by checking for changes in current and voltage
if M < 0.005
D=Dold;
else
ifdV ==
ifdl ==
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D=Dold;
elseif dI>0
D=Dold - (M*deltaD);
else
D=Dold + (M*deltaD);
end
else
if dli/dV ==-1/V
D=Dold;
elseif dl/dV>-1/V
D=Dold - (M*deltaD);
else
D=Dold + (M*deltaD);
end
end
end

step 4: adjust the duty cycle to maintain maximum power. The complete code can be found on
request.

2.4 Development of a Genetic Algorithm

The Genetic algorithm is another popular algorithm that is inspired by nature. In this section
algorithm step by step using the Genetic algorithm was developed.
Step 1: obtain the function block as discussed in the previous two sections as shown in figure 12.

MPFT Controller (GA)

o [ o |
v _PV
x o
- Bl .
Deblock GA I_PV Delta_D 4

MPPT

T
= —
MPPT
D)
Fulses

Figure 7: GA System

Step 2: obtain the current and voltage from the PV system to be optimized

function D = GA(Vpv,lpv)

%#codegen

persistent u;

persistent dcurrent;

persistent pbest;

persistent p;

persistent dc;

persistent v;

persistent counter;

persistent gbest;

if(isempty(counter))
counter=0;

function D = GA(Vpv,lpv)
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%*#codegen
persistent u;
persistent dcurrent;
persistent pbest;
persistent p;
persistent dc;
persistent v;
persistent counter;
persistent gbest;
if(isempty(counter))
counter=0;
step 3: check if the previously calculated change in counter, voltage, current and power is zero. Set
to a default value if yes.
if(isempty(dcurrent))
dcurrent=0.5;
end
if(isempty(gbest))
gbest=0.5;
end
if(isempty(p))
p=zeros(4,1);
end
if(isempty(v))
v=zeros(4,1);
end

if(isempty(pbest))
pbest=zeros(4,1);
end
if(isempty(u))
u=0;
end

step 4: calculate the input power and compare with the previous power. Adjust output parameters
accordingly. The complete code can be found on request.

2.5  Comparison of Optimized PV System to Unoptimized PV System

The research implemented using two cases to assess resilience of the proposed system built in
MATLAB under rapidly changing atmospheric circumstances. First, considering the performance
of the system at 25°C and rapidly while varying the irradiation as a simple case, secondly, adjusting
the temperature and irradiation simultaneously to simulate real environmental conditions.

The performance of the unoptimized is compared to the P&O and GA optimized system under the
stated conditions. However, the time response, oscillation and stability are the three most important
factors to consider when evaluating the effectiveness of any PV algorithm.

Results of these simulations are presented in section 3.3 of this study.

3. Results and Discussion

The code of the various optimization methods, the code was developed and debugged in
MATLAB Simulink.
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Figure 11c: Output Power unoptimized system Figure 11d: Output power of GA optimisation
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Figure 18: Simulated Output power for the Figure 19: Simulated Output power
month of April for the month of November
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Figure 20a: Output for P&O optimization algorithm
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Figure 20c: Output for unoptimized system
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Figure 20b: output of GA optimized system
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Figure 21c: Output for unoptimized

Tablel Analysis of the performance of proposed methods

Optimization Sensed Steady state  Tracking Tracking Efficiency ~ Complexity
Technique variable error Speed accuracy
P&O V, 1 Less Faster Stable High High
GA V, I Less Very Fast Stable Very High Very High
Unoptimized None Moderate Slow Less stable Moderate Low
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3.1 Results of Optimization of Solar PV System Using MPPT
MPPT method of solar PV optimization was used in this study for PV optimization, for the figures
X axis represent the power and y axis represent the time, figure 13a and figure 13b shows the result
of MPPT method in solar optimization.
Figure 13a shows the MPPT voltage to the PV voltage from the solar cell. From the figure, it can
be seen that MPPT optimization method removes disturbance seen on the PV output voltage.

3.2 Results of Developed P&O Algorithm for Solar Optimization
Perturb and Observed algorithm was developed in this study, the complete code of the algorithm
can be found on request. This algorithm was implemented into the MPPT method used.

3.3 Results of Developed GA Algorithm for Solar Optimization

Genetic algorithm was developed in this study, the complete code of the algorithm can be found on
request. This algorithm was implemented into the MPPT method used. Figure 14a and figure 14b
shows the performance of the system with GA optimization.

3.4  Results of Comparison between Optimized PV System to Unoptimized PV System
The MPPT optimized solar model developed in MATLAB Simulink is compared with an
unoptimized system that uses a fixed duty cycle. Simulations were run for two cases, firstly, using
a simple case where the irradiation was varied between 750W/m? and 1000W/m2. The results
obtained are in section 3.4.1. Secondly, simulation was performed using real life solar isolation data
for Edo state, the data was obtained from Global Solar Atlas official site. The results of this
simulation is presented in section 3.4.2.

3.4.1  Results from Simple Case

Initially considering only two irradiation conditions (1000W/m? and 750W/m?) as simple cases and
keeping the temperature constant at 25°C, the irradiation was allowed to drop rapidly to 750W/m?
at 0.5 seconds to simulate the transitory condition to determine how both the optimized and
unoptimized respond to transient state.

Figure 15a shows result for the P&O optimized system, this result shows that P&O optimized system
has a stable power tracking, the output power is above 2KW compared to the output power of the
unoptimized system which has not been kept stable at a specific value and during the same condition
has less value (<2KW) as shown in figure 15b. figure 15¢ shows the zoomed graph of figure 15b.
Figure 15d. shows the result for the GA optimized system, this result shows that the GA algorithm
is superior to both P&O and the unoptimized system.

When the radiation changed from 1000W/m? to 750W/m?, it is observed that the time response for
the P&O algorithm trained system was less than that of the unoptimized system.

The voltage and current curves for the same case, in figure 16, it is observed that the voltage curve
for P&O has a stable performance and recorded a constant value and current. On the other hand, the
unoptimized system recorded fluctuating voltage. The current fluctuation at the beginning for P&O
compared to the unoptimized system is less. Figure 17, shows the output voltage, current and power
from the inverter.

3.5 Results from Real Life Parameters

Solar data obtained for Edo state, nigeria from Global Solar Atlas official site is presented in figure
18 and 19. simulation was performed using non uniform irradiance and temperature patterns on the
solar array. Radiation started rising from zero to a specific value and then back to zero. This
simulation was performed for April and November using 24 seconds to map 24 hours in a day.
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Figure 20 and 21 shows the output power of the system after simulation using the irradiance
information for April and November.
With increasing solar irradiation and duration, the acquired power rises and decreases with
decreasing power. Figure 22a, 22b and 22c shows the PV characteristics with P&O, GA and
unoptimized system for the month of April.
Figure 23a, 23b and 23c shows the response of both system to the irradiation values for the month
of November.
From the simulation result, it can be seen that optimization help to improve the efficiency of the
PV system, it does this by sensing the voltage and current variable (P&O algorithm) and alter the
system output in response. Optimization improves tracking speed and tracking accuracy. Table 1
summarizes the performance of the optimized system in comparison to an unoptimized system.

4. Conclusion

In this study, the various optimization methods and algorithm was discussed, an optimization
algorithm was then developed and the effectiveness and performance of an optimized PV system
based on the algorithm was examined. The simulation was implemented using two cases to assess
resilience of the proposed system built in MATLAB under rapidly changing atmospheric
circumstances. The output of the P&O trained by PSO algorithm was compared to the output of an
un-optimized system. The P&O algorithm suggest an improved efficiency of the system and
resistance to atmospheric irradiation changes

The P&O system performed better than the un-optimized system, having a faster time response,
tracking speed and less oscillation of the output power. Although the un-optimized system was able
to produce almost constant power, the P&O optimized system was more effective with an excellent
performance.

References

1. T.Falope, L. Lao, D. Hanak, and D. Huo, (2024) “Hybrid energy system integration and management for solar
energy: A review,” Energy Convers. Manag. X, vol. 21, p. 100527.

2. M. Marwan, K. Naim, S. Thaha, S. Sofyan, A. R. Idris, and A. Asri, (2021)“Integrating on-site renewable
energy to innovative EDRP in reducing electricity peak demand,” ICAICST 2021 - 2021 Int. Conf. Artif. Intell.
Comput. Sci. Technol., pp. 113-117.

3. X.Zhao, W. Gao, F. Qian, and J. Ge, (2021), “Electricity cost comparison of dynamic pricing model based on
load forecasting in home energy management system,” Energy, vol. 229, p. 120538.

4. El-Arini MM, Othman AM, Fathy A (2013). A new optimization approach for maximizing the photovoltaic
panel power based on genetic algorithm and language multiplier algorithm. International journal of
photoenergy 2103:1-12

5. Vishal Dabra, Krishan Kumar Paliwal, Narender Kumar (2017). Optimization of photovoltaic power system:
a comparative study.

6. Ahhab, M.S. (2011)Solar tracking by neutral network adaptive technique. The second Annual Int. Conf. on
Advance Topics in Artificial Intelligence, Singapore, vol 1, pp. 63-67.

7. J. Prakash, Sarat Kumar Sahoo (2013). Modeling of photovoltaic system and design of MPPT controller using
PSO algorithm

8. Adbalftah Hamed Ali and Atabak Najafi (2022). Optimization and Performance Improvement of Grid-
connected PV plant Based on ANN-PSO and P&O Algorithm.

9. Kamejima, T, Phimmasone, V, Kondo, Y, & Miyatake, M. (2011). Expert Systems with Applications, 36,
10097-10104. doi:10.1016/j.eswa.2009.01.012.

10. Zhang, H, & Cheng, S. (2011).The optimization of control parameters of PSO based MPPT for photovoltaics.
IEEE. d0i:10.1109/PEDS.2011.6147358.

11. Nabulsi, AA, & Dhaouadi, R. (2012). Efficiency optimization of a DSP-based standalone PV system using
fuzzy logic and dual-MPPT control. IEEE, 8(3), 573-584.

12. Sundareswaran, K, Kumar, VV, & Palani, S. (2015). Application of a combined particle swarm optimization
and perturb and observe method for MPPT in PV systems under partial shading conditions.

113



Omorogiuwa S.O et al./ Journal of Energy Technology and Environment

6(3) 2024 pp. 101 - 114
13. Qin, L, & Lu, X. (2012). Matlab/simulink-based research on maximum power point tracking of photovoltaic
generation. Renewable Energy, 75, 308-317. d0i:10.1016/j.renene.2014.09.044.

114



