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Abstract

By optimizing the efficiency of a modular simulation model of the PV module structure by genetic algorithm, under several
weather conditions, as a portion of recognizing the ideal plan of a Near Zero Energy Household (NZEH), an ideal life cycle
cost can be performed. The optimum design from combinations of NZEH-variable designs, are construction positioning,
window-to-wall proportion, and glazing categories, which will help maximize the energy created by photovoltaic panels.
Comprehensive simulation technique and modeling are utilized in the solar module I-V and for P-V output power. Both of
them are constructed on the famous five-parameter model. In addition, the efficiency of the PV panel is established by the
genetic algorithm under the standard test conditions (STC) and a comparison between the theoretical and experimental
results is done to achieve maximum performance ranging from 0.15 to 0.16, particularly with an error of about - 0.333 for
an experimental power of 30 Watts compared with the theoretical power of 30.1 Watts. The results obtained by the genetic
algorithm give the best value for efficiency at the range of 16% to 17% of solar radiation, from 500-600 W/m2. These
values are almost identical to the efficiency obtained from the results of the operation, where the best value for efficiency
in the experimental results was seen to be 15.7%.
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1. Introduction

Due to the increasing demand for clean and renewable energy applications, to avoid increasing CO; release into the
environment, there is a growing demand for electrical energy, specifically in Irag. Solar energy is plentiful in Irag
throughout the year. In Iraq, there is a leak in the provision of electricity, especially in the summer season, coinciding
with the high rising temperature and increasing demand for cooling. Iraq is qualified to be a producer of all solar
applications and is expected to provide solar electricity to its neighbours. Academicians in Iraq have investigated the
effects of weather conditions on different solar energy applications in detail and obtained significant results, possibly
the crucial point is that the weather conditions in Iraq fit all solar applications [1]. Near Zero Energy House (NZEH) or
Net Zero Energy Building (NZEB) design is a housing building that provides energy efficiently by using renewable
energy technologies and passive house design. The basic conception of Zero Energy Building (ZEB) is that a building
should produce its energy from clean, renewable, and less expensive sources. Presently, the budget for NZEHs is fairly
high owing to the high costs of the apparatus and resources for solar sheet, isolation, fenestration, and other renewable
energy expertise. As a result, an investigation to attain the optimum design of an NZEH is obligatory. The aim of the
optimal design is to accomplish a reasonably priced human life progression budget performance of the NZEH. The
Genetic Algorithm is one of the best optimization techniques that can be utilized. It provides a technique to achieve the
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optimal strategy established on the variable design groupings of NZEH. The investigated design parameters include
photovoltaic (PV) array efficiency optimization [2, 3]. For designing a solar photovoltaic system for a single family
dwelling, the civil engineer must design the structural engineering or architecture for PV supplemental information to
construct a structure and a roof plan. He has to provide a roof plan projected on a site plan; show the location and
dimensions of all solar photovoltaic equipment and PV arrays (Figure 1).

A Photovoltaic generator (PV) is a nonlinear system, because its behaviour depends mainly on environmental
circumstances, for instance, radiation, temperature, wind speed, humidity, dust, clouds, etc. Alima (2015) and Zaihidee et
al. (2016) have investigated the dependence of PV on the effect of temperature on the output power of different PV
modules [4, 5]. For increasing the quality of the manufactured solar panels, devices, and modelling of the device and its
simulators, careful extraction and an improvement of solar panel parameters is required. Direct methods depend on the
use of the I-V curve, at specific points, to determine some cell parameters. Consequently the accuracy of these techniques
is determined by the accuracy of the measured data and the data processed by the manufacturer, as also the errors made
by the numerical and simplified discrimination of formulae used to extract the parameters. Other methods used for
extracting solar panel parameters rely on the use of optimization algorithms to determine the solar cell parameters. Its
precision depends on the application's installation algorithm, the user-defined error function, and the primary values of
the parameters to be installed.

Ismail et al. (2013) and Jervase et al. (2001) used two models (distinct diode prototypical and dual diode prototypical)
and three types of PV elements (monocrystalline, polycrystalline, and thin-film) and studied the effect of partial shading
on the PV module, to simulate the parameter using Matlab-Simulink [6, 7]. The results obtained from Matlab-Simulink
were compared with the results processed by the manufacturer’s data sheet and were acceptable. They employed the
genetic algorithm to extract the optimal parameters from the photovoltaic module. Ramoji et al. (2014) and Ramojil
and Kumar (2014) used the GA algorithm optimization technique to optimize the size and applied it to reduce the total
cost [8, 9]. The suggested hybrid energy system consisted of PV panels, a wind turbine, and a storage battery. The result
demonstrated that the GA was converging very well. Rodriguez (2017) used a single-diode with five parameters, such
as, Iph, I sat, n, Rs, and Rh. These parameters changed with solar radiation and temperature; hence, the genetic algorithm
was used to categorize these parameters and a monocrystalline PV panel was used. The major aim of this technique was
to acquire a number of factors for dissimilar ecological circumstances, deprived of appliance, and slightly
oversimplified. In this article has been emphasized that wholly the considerations alteration. To be exact, it has been
displayed that 1, Rs, and Rh presented important dissimilarities in the climatic surroundings. The chart of Rh displayed
that its level is powerfully nonlinear with relevance given to irradiance and temperature variations; and also to dirtying,
aging, degradation, etc. The values of the parameters within the PV model will settle for a sudden drift, so the
recommended methodology may be used as an orientation for pinpointing a purpose, because of its ability to use only
five operating points for accurately identifying all parameters of the single-diode model. Zagrouba et al. (2010) studies,
depend on the approach of the genetic algorithm to identify the parameters of the PV cell and PV module (ls, Iph, Rs,
Rash, and n) [11]. These parameters are used to find maximum power. They used the Pasan’s software to obtain the
parameters of cells and used the GA to obtain the cell electrical parameters from the determined |-V curve. Then it
compared these results with those obtained by using the Pasan’s software. Simulation results offered that the accuracy
of the fitting approach, in the case of solar cells, was better than that of the solar modules, where the values of the
minima were shown to be equal to 0.000256 A2 for the solar cell and 0.0676 A2 for the module. Eimhjellen (2018)
developed an algorithm for calculating the optimal solution for the design of a solar farm with fixed panels [12]. Ayman
et al. (2017), Rahmani et al. (2018) and Pereira and Aelenei (2019) presented an evaluation of the state-of-the-art
scientific accomplishments for using Artificial Intelligence (Al) techniques in Photovoltaic (PV) structures. It analysed
the role of Al algorithms in modelling, sizing, control, fault conclusion, and output assessment of PV systems [13-15].

In this study, the behavior of solar cells and modules under numerous operating conditions will be determined
effectively, once their intrinsic parameters are measured accurately and are calculable. The aim is to simulate the
current-voltage (I-V) characteristics, a point supported on genetic algorithms by Matlab. The plan is to extract the
optimum potency of the photovoltaic panel and to enhance the accuracy of the solar cell parameters, which can be gained
by exploitation of direct techniques and an experimental study. The idea is that the formulate of photovoltaic
cell effectiveness, extraction, and optimization problems of the single diode model, wherever the greatest equation of
the current is utilized in genetic algorithms, and also to introduce minimum and maximum assessment, such as, a shunt
and a series of resistance extracted by mathematical equations. Subsequently the examination will give the efficiency
gained from the genetic algorithmic program, along with the efficiency gained from experimental study.
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Figure 1. PV location on the roof [16]

2. Mathematical Modeling of PV Module

The single-diode model has been used to investigate the relation between voltage V and the current I in Equation 1,
it is the main equation that used in genetic algorithm, as given by El Tayyan (2015) [17], the modeling of the single
diode corresponding circuit of a PV device is shown in Figure 2.

V+RsI\ _ V4RI
I'=1Tpn =1 (exp( avt ) 1) Rsn M
The PV model can calculate the output power by the simplest form Hashim and Talib (2018) using Equation 2 [18]:
o _ V4R .\ _ V4R
=19 = [ =1 (erp (25) 1) - 221y @

The diode quality factor a. It is equal 1.2 for monocrystalline solar cell [19]. The efficiency of a PV panel is defining
the relation of the output power to the input solar power:

=L ©

IP"CD DY R, v

Figure 2. The single-diode model comparable circuit of a PV cell [20-22]
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3. The Genetic Algorithm

Genetic algorithms (GAs) are natural galvanized algorithms that support the thought of Darwinian evolution, which
embraced the Associate Degree Format Method. The basic components common to all GAs are: a fitness function for
optimization, representational choice, crossover, and mutation operators [23] .To deal with the I-V curves digitally, an
approach was prepared and the procedure was based on the genetic algorithm (GAs); Equations 1 to 3 were used,
minimum and maximum values of series resistance were entered, shunt resistance, voltage, solar radiation, and photo
current were generated, to obtain the best value for PV panel efficiency that competed with the experimental one. The
Genetic Assembly began by generating an initial set of random probable resolutions (chromosomes) of the problems
that had to be improved [24].

Each chromosome was consequently weighed through an adaptive function, to describe the validity of every potential
explanation [25]. Next, the genetic agents were applied toward generating novel children; the choice to determine which
fathers would be introduced to the new generation according to their adaptive values. Crossover was later used for new
atomic products by regrouping data from the parents selected in the preceding stage. The mutation was applied to a
variety of populations by changing the genetic structure of some people according to the rate of mutation to obtain a
new individual with an ideal specification [23], one can review the genetic program flow chart in Figure 3, which
illustrates the basics of its operation. The optimization of multiple-variables of the selected design parameters in a single-
family building, in temperate climate conditions was implanted by Ferdyn-Grygierek, and Grygierek (2017) [26] which
analyzed the inspiration of four categories of windows, their dimension, construction, alignment, isolation of outside
walls, rooftops, ground floor, and infiltration on the life cycle costs (LCC). Finaly the optimal decision of the design
parameters was implemented by using genetic algorithms by coupling the building performance simulation program
EnergyPlus with optimization of the environment.

Li et al. (2017) reached to a fact that Genetic Algorithm (GA) is one of the universally used optimization algorithms
for building applications and presented future guidelines for building investigation communal on in what way to put on
GA for the optimization of building energy [27].
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Figure 3. Flowchart of GA. Chief Process is in dashed box, others are the election approaches for each process [27]

4. Experimental Work

The experimental setup of the system is explained in Figure 4, the Monocrystalline-Si solar PV module, which has
an area of 0.282 m?. Detailed specifications of the PV panel are explained in Table 1; the solar module analyzer measures
the current, voltage, fill factor, and efficiency of the PV module. The temperature sensor has been utilized to measure
the module temperature, solar power meter is utilized to measure the global radiation incident on the PV module and
put it in the same tilt angle of the monocrystalline PV 32°, toward the south.
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Figure 4. The experimental Setup

Table 1. Module specifications at STC as existing by the industrialist

Specification of the manufacturer

Value in units

Rated power

Voltage At Maximum Power (Vmax)
Current At Maximum Power (Imax)
Open Circuit Voltage (Voc)

Short Circuit Current (Isc)

Normal Operation Cell Temperature
Module weight

Area

Ns

30w
17V
176 A
22V
19A
25T
3.5Kg
0.282 m?
36

5. Results and Discussion

5.1. Experimental Results

The Experimental Results show the efficiency of the PV module on solar radiation (G = 500 W/m?) for four months
in Table 2. It shows the efficiency of the PV module between 10.8% and 15.7%. Figure 5 shows the experimental result

taken from the solar modu

le analyzer.

Table 2. The experimental result of radiation G =500 W/m?

Month

Tc/°C Ta/C Pmax /W Imax /A

Vmax/V

Voc IV

Isc

n %

Oct. 2017
Nov. 2017
Dec. 2017
Jan. 2018

338 27 15.32 0.91

28 20 22.13 1.277

25 17.08 0.917

21 16.6 0.936

16.85
17.31
18.1
18.25

20.39
20.66
21.49
21.64

1.018
1.379
1.004
1.025

10.8
15.7
12.1
11.7

Db

o |Fmax:

|EFF:

Unow: 2A.65

. |voren:za. 66

Ishortl.379
22.13
Unmaxp:17.31
Imaxr:1.277
15.69%
B.776
42

FFs
Fower:

22.13 Wi7.31 U1.277 A

DCEDCC

“

Figure 5. The P-V and I-V curve taken from the solar module analyzer
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5.2. Genetic Result

In this section, the efficiency of the solar panel was calculated in the genetic program in the Matlab. Minimum and
maximum values of series resistance, shunt resistance, photocurrent generated, the voltage of the PV module, radiation,
and cell temperature were entered into the genetic algorithm at boundary conditions. Table 3 shows how the genetic
program calculated the values. The optimum efficiency of the solar panel was obtained and was found to be in the range
of 0.16 to 0.17, when the solar radiation was in the range of 500 to 600 W/m?, such as is displayed in Figures 6 to 8. The
optimum value of efficiency from this table = 17.03% and when there was an increase in the solar radiation the efficiency
increased in this section. This can be observed in Figure 8. According to Figures 6 to 8, and for solar radiation from
600-750 W/m?, shown in Figures 9 and 10, it was easy to observe that the optimum values of the efficiency obtained
by the GA algorithm were, 16.9, 17.03, and 38.8%, respectively.

Table 3. The optimum value of efficiency of genetic program

Rs () Iph(A) Rsh(@Q Vpv(V) G(Wm?) Tc (°C)

Max. 0.3 0 100 0 500. 10
Min. 1.9 1.9 500 22 600 60
1 17225 0.7824 100.0000 12.5365 599.9123  15.0581
2 1.6823  0.8500 100.1145 12.0418 599.9610  15.0077
3 1.6470 0.9626  100.0000 12.3183  600.0000  15.0000
4 1.7118 0.7806  100.0518 12.5759  599.7605  15.1063
5 1.6832 0.8719 101.0099 12.2369  599.9220  15.0000
6 1.6838  0.7830 100.2250 11.1239  600.0000  15.0773
7 1.6527  0.8389 100.0000 12.6447  599.7769  15.0000
8 1.6836  0.9189 100.0000 10.6458  600.0000  15.1225
9 1.6228 0.7124 100.5751 12.1335 600.0000  15.0000
10 1.6261  0.7202 100.5979 12.1523  599.9822  15.0354
11 1.6226  0.8483 100.3501 11.6554  600.0000  15.0452
12 1.6541  0.7719 100.1105 11.7268  599.8159  15.0696
13 1.6794  0.7619 100.0000 11.4137 599.6418  15.0000
14 1.6852  1.0713 102.3651 12.2345 600.0000 15.1276
15 1.6118 0.9476  100.0000 12.1988  600.0000  15.1722
16 15803 0.8514 100.0000 12.3065 599.9629  15.0000
17 16232  0.7218 100.2687 12.2904  599.8004  15.0058
18 1.6266  0.7296  100.2915 12.3092  599.7827  15.0412

Optimum Efficiency of GA
0.172 T
/lﬁestvalue
0.17 4
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y— [ — ]
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Figure 6. The optimum value of efficiency of radiation (500-600 W/m?)
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Figure 7. The optimum value of efficiency of radiation (500-600 W/m?)
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Figure 8: The optimum value of efficiency of radiation (500-600 W/m?)
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Figure 9. The optimum value of efficiency of radiation (600-750 W/m?)
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Figure 10. The optimum value of efficiency of radiation (600-750 W/m?)

6. Conclusion

In this study, the modeling process was based on the genetic algorithm that had been proposed to obtain the optimal
values for solar panel efficiency; a single-diode model was used. The efficiency values extracted by using this algorithm
were viable for the entire range of solar radiation, temperatures, voltage, series resistance, and shunt resistance. The
information on the PV module, presented in the manufacturer’s data sheet, was the requirement for this approach. The
result validation was conducted for the type of PV module technologies, monocrystalline, by comparing it with the result
of the experimental study, where the results of the efficiency of the panel, extracted from the genetic algorithm, ranged
between 0.16-0.17, and the results obtained from the experimental study ranged between 0.108—0.157. This gave an
indication of the accuracy and validity of the genetic algorithm.

This application is not confined to monocrystalline solar panels alone; it can be applied to all solar panels and can be
utilized to extract all solar panel parameters. The slight differences between the experimental results and genetic
optimization are due to the temperature variation effects, significantly on the output voltage, as the open circuit voltage
has a logarithmic relationship with the inverse of the reverse saturation current, which is greatly influenced by
temperature.
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