MIXXHAPOAHWI }KYPHA/ «CBIT/IOTEXHIKA TA E/IEKTPOEHEPTETUKA»

A Haidar Gafar Abugoukh, Bun. 54, N201.

Mathematical Modeling of Photovoltaic Module
with Simulink

HAIDAR GAFAR ABUGOUKH

O.M. Beketov National University of Urban Economy in Kharkov
Kharkov, Ukraine

Annotation — Solar Energy is a good choice for electric
power generation, since the solar energy is directly converted
into electrical energy by solar photovoltaic modules Solar cells
generates most of their electricity from direct sunlight.
However, they also generate electricity on cloudy days and
some systems can even generate very small amounts of
electricity on bright moonlit nights. Individual solar cells
typically only generate tiny amounts of electrical energy. To
make useful amounts of electricity, these cells are connected
together to make a solar module, otherwise known as a solar
panel or, to be more precise, a photovoltaic module.The PV
model plays an important role in the accuracy of the time
simulation of the PV cell model. Modeling of PV cell involves
the estimation of the 1-V and P-V characteristics curves to
emulate the real cell under various environmental conditions
Photovoltaic (PV) model is used in a simulation study to
validate the system design of a PV system. This paper presents
modeling of Photo- voltaic (PV) module using
MATLAB/SIMULINK. The model is developed on the basis of
mathematical model of the PV module. The PV module of
SN72-CELL-POLY CRYSTALLINE PV MODULE SN325P is
selected for the experimental and technical data to analyze the
developed model. The output current and power characteristic
curves highly depend on some climatic factors such as solar
radiation and temperature, are obtained by simulation for the
selected module with the output power of 325 W .The objective
of this paper is to develop a model to simulate the behavior of a
photovoltaic cell. The achieved Voc voltage and current values
from 1I-V and P-V characteristics are compared with module
data sheet both models are implemented in MATLAB
/SIMULINK. The “five-parameter model” is a performance
model for photovoltaic solar cells that predicts the voltage and
current output by representing the cells as an equivalent
electrical circuit with radiation and temperature-dependent
components. An important feature of the five-parameter model
is that its parameters can be determined using data commonly
provided by module manufacturers on their published
datasheets..

Keywords — photovoltaic energy; PV Module; Simulink
model.

l. INTRODUCTION

Support the energy diversification strategy. Reduce
Carbon footprint. « Convert desert wastelands into a natural
resource environment. Promote sustainability and preserve
earth’s natural resources by using renewable resources in
electricity generation. Contribute to improving the
technology used for electricity generation by solar energy.
Develop UAE expertise in the field of solar and renewable
energy and building. Increase social levels of awareness
about climate change and sustainable energy. Promote
Research and Development and involve local universities
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and colleges in the field of renewable energy. Contribute
positively towards Dubai’s vision, brand, growth, society
and environment.

Using solar power will reduce the Carbon footprint
compared to current methods using fossil fuels. (Will be
reduced to 1 million tons of carbon a year when producing
1000 MW of solar energy with the number of 2000 hours
operation).

The Mohammed bin Rashid Al Maktoum Solar Park is
the largest single-site solar park in the world, based on the
IPP model. It will generate 1,000MW by 2020 and
5,000MW by 2030. The 13MW photovoltaic first phase
became operational in 2013. The 200MW photovoltaic
second phase of the solar park was commissioned in March
2017. The 800MW photovoltaic third phase will be
operational by 2020, and the first stage of the 700MW CSP
fourth phase will be commissioned in Q4 of 2020.

Capacity: 1000MW, Area: 40.45 KM2.

To reduce levelized cost of electricity (LCOE), eff orts
to advance module and balance of system (BOS)
technology will focus on increasing energy yield, making
heat and light management, durability, and reliability more
important. An inherent tension exists between improving
these technical factors and reducing the area cost ($/m2) of
the module. Energy yield is proportional to the capacity
factor.

The costs of solar PV technology have dropped
significantly over the past few decades, primarily driven by
technological innovations and global policy support.

Compared with conventional energy generation
technologies, renewable technologies are considered
young. It is widely accepted that renewable still need
financial support for further deployment and for them to
reach grid and socket parity with conventional.

Il. SOLAR PV TECHNOLOGY OVERVIEW

PV cell technologies are broadly categorised as either
crystalline or thin-film. Crystalline silicon (c-Si) cells
provide high efficiency modules. They are sub-divided into
mono-crystalline silicon (mono-c-Si) or multi-crystalline
silicon (multi-c-Si). Mono-c-Si cells are generally the most
efficient, but are also more costly than multi-c-Si. Thin-
film cells provide a cheaper alternative, but are less
efficient.6 there are three main types of thin-film cells:
Cadmium Telluride (CdTe), Copper Indium (Gallium) Di-
Selenide (CIGS/CIS), and Amorphous Silicon (a-Si). The
performance of a PV module will decrease over time due to
a process known as degradation. The degradation rate
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depends on the environmental conditions and the
technology of the module. Modules are either mounted on
fixed-angle frames or on sun tracking frames. Fixed frames
are simpler to install, cheaper and require less maintenance.
However, tracking systems can increase yield by up to 45
percent. Tracking, particularly for areas with a high
direct/diffuse Irradiation ratio also enables a smoother
power output.

Inverters convert direct current (DC) electricity
generated by the PV modules into AC electricity, ideally
conforming to the local grid requirements. They are
arranged either in string or central configurations. Central
configuration inverters are considered to be more suitable
for multi-MW plants. String inverters enable individual
string Maximum Power Point Tracking (MPPT)7 and
require less specialized maintenance skills. String
configurations offer more design flexibility.

It is important to know the measure of daylight
accessible at a specific area at a given time. The two basic
systems which describe sun based radiation are the solar
radiance (or radiation) and solar insolation.

A few benefits are connected with the consumption of
renewable energy technologies, Including quite low or no
greenhouse-gas emissions, making them a key segment in
any environmental change moderation methodology (IPCC,
2011). In the New Policies Scenario, absolute CO2
investment funds over all parts from renewable are 4.1

Gigatonnes (Gt) in 2035. In the power sector,
renewable-based generation reduces emissions when it
displaces power generation from the combustion of fossil
fuels.

Relative to the emissions that would be generated if the
growing electricity demands of the New Policies Scenario
were to be supplied using the electricity generation mix of
2010, renewable help to reduce CO2 emissions in the
power sector by 3.6 Gt in 2035.

These savings represent some 10 % of the level of
emissions reached in 2035, with more than 40 % of the
savings coming from increased wind generation. Although
hydropower generation increases by about two-thirds over
the projection period, its share of total generation declines
in many regions, therefore its contribution to CO2 savings
is more limited than other renewable. Heat produced from
renewable sources, as in wood pellet or solar heat boilers
for example; reduce CO2 emissions by 150million tons in
2035 by displacing heat from boilers using coal, oil or
gas.Bio fuels reduce emissions from oil in the transport
sector by an estimated 0.4 Gt in 2035 but only so long as
their production does not result in increases in emissions
from direct or indirect land-use changes. This aspect of bio
fuels has come under close scrutiny in recent years.
Sugarcane ethanol and advanced bio fuels have the highest
potential to reduce emissions (IEA, 2011a). Bio fuels have
also been criticized for competing with food supply and
contributing to deforestation. The negative impacts of bio
fuels, however, can be minimized or avoided if the right
policies are established and enforced. Renewable energy is
largely a domestic source of energy (although some
proportion of bio fuels and other bio energy is traded
internationally). When it dislodges foreign made powers, it
helps more amazing national energy security and
specifically decreases import bills, which in turn aid to an

equitably noteworthy rate of GDP in numerous importing
nations and frequently help an exchange shortfall.

Bio fuels have the possibility to diminish these impacts
fundamentally. In addition, more utilization of renewable
energy could in a roundabout way put descending weight
on oil and gas costs and decrease value unpredictability. In
the electricity sector, renewable mainly reduce the need to
import gas or coal, as oil use is limited in this sector.

The use of fossil fuels gives rise to several pollutants
that worsen ambient air quality and have a negative impact
on human health. Two of the most important of these
pollutants are sulphur dioxide (SO2) and nitrogen oxides
(NOx); SO2 coming mainly from burning coal but also
from diesel fuel, while NOx come from burning all types of
fossil fuels. They cause various ecological issues, for
example, corrosive rain and ground-level ozone creations.
Their effect is neighborhood and local.

Air contamination is a significant issue in a few vast
urban communities in non-OECD nations (and in a few
urban areas in the OECD). Mix of air quality and
renewable energy arrangements might be more powerful
than divide movements. A few sorts of renewable energy
innovations for power generation require fundamentally
less water for their operation than fossil fuel-based and
atomic force plants. Solar PV and wind power do not use
water to produce electricity and require only small amounts
for cleaning purposes. If the significant use of water during
the extraction of fossil fuels and uranium is taken into
consideration, the differences in water use are even greater.
Use of solar PV and wind power also avoids thermal
pollution and contamination that may be caused by the
discharge of cooling water for thermal power plants.

I11. NOMENCLATURE
Vpv - output voltage of a PV module (V)

Ipv - output current of a PV module (A)

Tn - Nominal temperature = 298 K

T - The module operating temperature in Kelvin
Iph— Photo Current, (A).

lo - The PV module saturation current (A)

A =B isan ideality factor = 1.6.

K - Boltzman constant = 1.3805 * 10-23 J/K

g - Electron charge (C)=1.6 *10-19C

Rs -The series resistance of a PV module

Isc - the PV module short-circuit current at 25 oC and
1000W/m2 =8.21 A

Ki - The short-circuit current of cell at 25 o C and
1000W/m2

G-The Solar Irradiation (W/m2) = 1000W/m?

Ego -The band gap Energhe semi conductor 1.1 eV .
Voc; Open Circuits Voltage, 32.9 V.

Rs- Series Resistance, 0.221 Q.

n- The ideality factor of the diode, 1.3.

48 DOI: 10.33042/2079-424X-2019-1-54-47-54

2



MIXXHAPOAHWI }KYPHA/ «CBIT/IOTEXHIKA TA E/IEKTPOEHEPTETUKA»

A Haidar Gafar Abugoukh, Bun. 54, N201.

Rsh-Shunt Resistance, 415.405 Q.

Vt- Diode Thermal Voltage, (V).

Ns -The number of cells connected in series, 54.
Np-The number of PV Modules connected in parallel.

IV. MATHEMATICAL MODEL FOR A PHOTOVOLTAIC
MODULE

’L(1> RsH

Fig. 1. PV Cell modeled as diode circuit

The most commonly known solar cell is configured as a
large-area p-n junction made from silicon; the
electromagnetic radiation of solar energy can be directly
converted to electricity through photovoltaic effect. Being
exposed to the sunlight, photons with energy greater than
the band-gap energy of the semiconductor creates some
electron-hole pairs proportional to the incident irradiation.

The equivalent circuit of PV cell is as shown in (1)

The an ideal solar cell, it is assumed that Rs=0 ,
Rsh=infinity .The net current of the cell is the difference
between the photocurrent Iph and normal diode current
which is given by

q.(V+IR,)
-lo{exp{———=}-1}- | 1
ph { Xp{ nK.NsT } } sh ()

Module photo-current:

I, = [l + K (T-298)]-G/1000 2)

Module saturation current lo varies with the cell
temperature, which is given by:

nkK

Module reverses saturation current:

quo[1 1)

3 : - =

lo=lrs-(lJ exp{ ™ Th
Tn
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V. REFERENCE MODULE:

SN72-CELL-POLYCRYSTALLINE PV MODULE
5N325P-10 is taken as the reference module for simulation.

“4)

)

TABLE I. ELECTRICAL CHARACTERISTICS DATA OF

SOLKAR325 W PV MODULE

Rated Power (P max) 325 W

Voltage at P max (V mp) 373V

Current at P max 8.72 A

Short Circuit Current (1 sc) 9.10 A

Open Circuit Voltage (V oc) 46.0V

Total number of cells in series (Ns) 72

Total number of cells in parallel (Np)

1

Stage A: The module - current through shunt resistor

Rs
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Fig. 2. The module - current through shunt resistor

Stage B:

This module takes reverse saturation current module

reference temperature

and

the

module

operating

temperature as input and calculates module saturation

current.
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Fig. 4. .This model calculate the reverse saturation current through the diode using equation 4
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Stage D:
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Fig. 5. This module calculate the photo current using equation 2.
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Fig. 6. This module calculates output current using equation 1.
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Fig. 7. . This module contains all the six model interconnected together.
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Fig. 8. This module takes irradiation, operating temperature and module voltage as input and gives the output current and output voltage.

VI. THE SIMULATION RESULTS
Solar Radiation Effects on PV Module:

As show in (Figure 9-10) .while temperature constant
with increase different level of solar radiation (300
W/sq.mm, 500 W/sgq.mm, 700 W/sg.mm, and 1000
W/sq.mm), the short circuit current of the PV module
increased and the maximum power output increased as
well.

Temperature Effects on PV Module:

The temperature is an important of solar cell. As shown
in (Figure 11,12),while radiation constant with increased
temperature of different  level (50C,60C,70C,80C),The
short circuit current of PV cell increase ,the maximum
power output decreases . When the temperature decreases,
the output power and voltage increases marginally whereas
the output current almost keeps constant.

As we can see in the figures, the voltage and the power
increase are highly effected by the temperature and solar
radiation with different values when variable solar radiation
with constant temperature, solar radiation constant with
variable temperatures.

VII.

The above mathematical modeling of PV module with
I-V and P-V characteristics shows:

CONCLUSION

-The increasing temperature PV module, open circuit
voltage (Voc) got decreasing but short circuit current
slightly increasing.

- Maximum power decreases with increasing the
temperature.

- Voltage produced by PV module at open circuit and
current produced at short circuit are increased with
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increasing the solar irradiance level from 300W/sg.mm. to
1000 W/sg.mm.

- The output power PV modules strongly depend on the
solar irradiance falling on it.

P-V  Characteristic varying irradiance -constant
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Fig. 9. Characteristic—variable solar radiations —constant
temperature.

I-V  Characteristic varying irradiance -constant
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MareMaTuuHe MoAEeIIOBaHHS (POTOSTECKTPUUHOIO MOJTYJIS 3
Simulink

Xaitnap ['agap AOyroyx
XapkiBchbKHi HanioHaIbHUH yHIBepcuTeT iMeHi O.M. bekeroa
XapkiB, Ykpaina
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CoHsUHA €HEprist € XOpomMM BHOOPOM JUIi BHPOOHUITBA EJICKTPOCHEPTii, OCKUIBKM COHSYHA EHepris Oe3rnocepeqHbo
HEPETBOPIOETHCS B CNEKTPUYHY SHEPTrilo COHAUYHUMHU (OTOCNCKTPUYHUMH MOAYIsiMU COHSUHI KIITHHH BUPOOJIAIOTH OiNbIy YaCTHHY
CBOE€T €JIEKTPOCHEPril BiJl MPSIMUX COHSYHHX MPOMEHiB. OIHAK BOHHU TaKOX BUPOOIAIOTH €JIEKTPOCHEPTiI0 Yy MOXMYpi IHI, a JesKi
CHCTEMH MOXYTh HaBiTh T€HEpPyBaTU QYK€ HEBENHMKI KIJIBKOCTI eJeKTPOeHeprii y cBiTii Micsa4Hi Houi. Oxpemi COHsuUHI Oatapei, sk
MPaBUJIO, TEHEPYIOTh JIMIIEC HEBEIUKI KUTBKOCTI eIeKTpUYHOi eHeprii. /Iy oTpuMaHHs KOPUCHOT KIMBKOCTI €1eKTPOeHEePril I1i KOMipKH
3'€IHYIOTECSI MiX c00010, 00 3pOOHUTH COHSYHUH MOIYIb, IHAKIIE BiJOMHI SIK COHSYHA IaHENb a0o, TOYHINIe, (OTOETEKTPHIHMIT
Moayns. Monens PV Bimirpae BaxJIMBY poib y TOYHOCTI YacOoBe MOJEIIOBAHHS Mojeli GoTOKIITHH. MoJenroBaHHsT ()OTOETIEMEHTIB
BKJIIOYA€ OLIHKY KPUBHX XapakTepucTuk I — V ta P — V s iMiTarii peansHol KOMipKH B pi3HHX YMOBaX HaBKOJIMIITHBOTO CEPETOBHINA
dotoenexTprana Mozens (PV) BUKOPHCTOBYETHCS B CHMYIIILIIHHOMY JOCHIIKEHHI ISt IepeBipKU KOHCTPYKIii cucTeMu PV -cucrema.
V wiit poboti mpencraBieHo MojenoBaHHs (oToBonbTaiuHoro (PV) momyns 3a gomomororo MATLAB / SIMULINK. Mopens
po3pobiieHa Ha OcHOBI MateMarnyHoi Mozeni PV-monymsa. PV-moxgyns SN72-CELL-POLY CRYSTALLINE PV MODULE SN325P
oOpaHMii U eKCTIEPUMEHTAIFHIX Ta TEXHIYHHMX JAHHUX JUIA aHalli3y po3pobneHoi moxeni. KpuBi BUXiZHOTO CTpyMy Ta MOTYKHOCTL
CHJIBHO 3aJieKaTh Bi JESKUX KJIIMaTWYHUX (PaKTOpiB, TAKUX SIK COHSYHE BHUIIPOMIHIOBAaHHA Ta TeMIeparypa, OJep)KyBaHI LUIIXOM
MOJICITTIOBAHHS JUIsl BHOPAHOTO MOMYJIS 3 BUXIIHOIO MOTYXHIcTIO 325 BT. 3aBmanusM naHoi poOOTH € po3poOKa Mojens Ui iMiTarlii
TOBE/IHKH (hOTOETEKTPUIHOT KOMIpKH. JIOCATHYTI 3HAUSHHS HANPYTH Ta CTpyMy Voc 3a XapakTepucTukamu -V ta P-V nopiBHIOIOTBCS
3 iH(opMarifHIMH TaOIHMIPIMK MOAYIiB, 06uaBi Moneni peamizoBaHi B MATLAB / SIMULINK. “IT’srumapamerpudHa Mopens” -
MOJIeTb TPOJYKTHBHOCTI JUIl (DOTOGNEKTPHYHUX COHSYHMX OaTaped, ska NPOTHO3Yye HANpPYTy Ta BHXIA CTPyMy, HPEICTaBIITIOUN
KOMIPKH SIK €KBIBaJICHTHY €JICKTPUYHY JAHIIOT i3 KOMIIOHEHTaMH, L0 3aleXaTh BiJl BUIIPOMIHIOBaHHS Ta TeMIIEpaTypu. BaxximuBoro
0COOJHBICTIO I’ ITHIIAPAMETPUYHOI MOJIENI € Te, IO ii mapamMeTpu MOKHA BH3HAYAaTH, BUKOPUCTOBYIOUH JaHi, IO 3a3BUYAi HATAIOThCS
BUPOOHUKAMH MOJYIIB y CBOiX OIyOIiKOBaHUX TaONHUIIX TaHUX.
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