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Abstract— The performance of a photovoltaic (PV) system is Il. MODELING OF PHOTOVOLTAIC PANEL

affected by ambient temperature, solar irradiation, shading,
and connection of PV module (Series, Parallel). Thipaper
presents a Matlab-Simulink-based modeling and simation
scheme suitable for studying the P-V and |-V charderistics of
a PV arrays under a uniform condition and non-unifam condi-
tion due to partial shading of PV arrays. The proposd model
facilities the simulation of dynamic performance ofphotovol-
taic system under different configuration.
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|. INTRODUCTION

Enewable energy sources play an important role
in electric power generation [1]. There are vari- I
ous renewable sources which used for electric

power generation, such as solar energy, wind engey-
thermal etc. Solar Energy is a good choice forteepower
generation [2], since the solar energy is directiyverted
into electrical energy by solar photovoltaic modul€hese
modules are made up of silicon cells. When mani sedls
are connected in series we get a solar PV modiie.ctir-
rent rating of the modules increases when the @fréize in-
dividual cells is increased, and vice versa. Whamyrsuch
PV modules are connected in series and parallebown
tions we get a solar PV array, that suitable dbtaining
higher power output.

The output power of a solar array is proporticioathe
irradiance of sunlight. However, in many applicaipsuch
as solar power plants, building integrated phot@aiol or
solar tents, the solar photovoltaic arrays mightillueni-
nated non-uniformly. The cause of non-uniform iraéidn
may be the shadow of clouds, the trees, boomshbeits
houses, or the shadow of one solar array on theg.oth

Because of the nature of the electrical charisties of
solar cells, the maximum power losses are not pitmpal
to the shadow, but magnify nonlinearly. Furthegdstws of
solar PV array can cause other undesired effd@tts,local

hot spot in the shaded part of the solar PV aresydamage |

the solar cells. The shaded solar cells may be warkhe
negative voltage region and become a resistive émadab-

A. The simple electrical model of solar cell

The simplest model of a PV cell is shown as anvedent
circuit below that consists of an ideal currentrseun pa-
rallel with an ideal diode. The current source esgnts the
current generated by photons; its output is cohgstader
constant temperature and constant incident radiatidight.
The current source produces the current image,haiidi-
rectly proportional to solar irradiance [4].
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Fig.1 The simple electrical model of solar cell

The output current | of solar cell is given by:

=1, 1q )
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Where

: the diode current [A]

Ipn : the photocurrent [A]

lo: the reverse saturation current of diode [A]

sorb power. Bypass diodes are sometimes conneatatgb V. the diode voltage [V]

to solar cells to protect them from damage. Howeirer

most cases, just one diode is connected in patallgtoup
of solar cells , and this hidden the potential poagput of
the array([3].

a : the diode ideality constant
k :the Boltzmann constant

T :the p-n junction temperature
g :the electron charge
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V: the cell output voltage [V]

For a string of cells connected in series fornanghotovol-

taic panel the equation becomes:

QVa

Iy =1,™ -1

Where N is the number of cells connected in series.

B. The practical model of solar cell

There are a few things that have not been takterac-
count in the simple model and that will affect tregfor-

mance of a PV cell in practice.

Series ResistancegRn a practical PV cell, there is a se- B
ries of resistance in a current path through tmaicenduc- |
tor material, the metal grid, contacts, and curailecting w

bus.

Parallel ResistanceyR This is also called shunt resistance. ‘ ;
Itis a loss associated with a small leakage afecuithrough ;
a resistive path in parallel with the intrinsic dev[4][5]. I S e
|
|
|
|

ph P
| = Vd _V + RS.I
o = =
Rp Rp
qVy

I, =1,(e™ -1

V4RI
_ Va
I =1+,

_:D_V+R.|
R,

The photocurrent:

G
I ph = (I Ph,n + kl AT)E

n

The reverse saturation current :

lo .+ k.AT

I —_ S ,Nn
0 Vv +K AT

oc ,n

e Vi -1

K;: the short-circuit current/temperature coefficient

G: Actual sun irradiation
G,: Nominal sun irradiation

K,: the open-circuit voltage/temperature coefficient

AT: the difference between Actual temperature andinal

(4) temperature

V¢ junction terminal voltage M=KT/q

Iph,n: the nominal photocurrent

lse.n: the nominal short-circuit current

C. The I-V and P-V characteristic of a typical pane

are shown in these figures:

The I-V and P-V curves of a typical photovatmodule
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Fig.3 |-V Characteristic of typical panel
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Fig.4 P-V Characteristic of typical panel under STC25°C and

) 1000W/nf)

E. Configuration of PV array with bypass diode aithout

bypass diode

(10) A small configuration of a PV system with two P\6d-

ules is shown below:
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For simulation the characteristics I-V and ReVpanel

»—0 KC200GT we use the matlab Simulink model preskbte
Module 1 ]+ [10],[11]
Module 2 4
l
; 5y

] a
Fig.5 PV system without bypass diode )

»—0
Module 1 I +
A Dbypass
Module 2 V
_A_ Dhypass
Q

Fig.6. PV system with bypass diode

Fig.7. Matlab/simulink model for simulation of PV

Ill. SIMULATIONS RESULTS
module (panel)

In this paper, the modules the KC200@Tchosen for si-
mulation using Matlab Simulink under variation ahlasient
temperature and solar irradiation and partial st@adi
[61[71[8]: w

Iraiaon
g2

(Continuous|

poverQui

A. The Electricals Parameters of KC200GT

51315 " O
The electrical characteristic of KC200GT is gie] Teﬂﬂ[;r]alure F pﬂl E
TABLE I: THE PARAMETERSOFKC200GT e e = LG q
wad‘\aﬂun L0 @ L w
Parameter KC200GT L e H !
Maximum Power R, 200 w _
Short Circuit Current} 821 A e o m
Open Circuit Voltage V. 329V
Maximum Power Current,}, 7.61A
Maximum Power Voltage M, 26.3V
Temperature Coefficient K -123 mVv/°C
Limzzrra;l;::eeﬁ?ﬁ?mem‘K 3515 MA/C Fig.8. Matlab/simulink model for simulation of PVray
under shading condition
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C. Simulation [ [ [ [ [ —
| | | | | | =
The following figures show the characteristic lavd P-V : 1 B H ] 1 | —%@
. . . e - AT - T — — — T
of KC200GT module for different levels of irradiasc | ! ! ! A
(1000,800,600,400) and at constant temperatu?é of. o 1””4‘””1””; 77777
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N N A R RN | | W Fig.12. I-V Characteristic for different levels teinperature and
I/ AN |\ B at irradiance constant of 17000W/m
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| | | | |
0 5 2 5 kil 5
Voltage (V) The figures 9 and 10 show that the short-circuitl an
maximum power delivered by the module increasels thi¢
Fig.9 P-V Characteristic for different levels afair increase of irradiation.
diances and at temperature constant of 25 °C. The figures 11 and 12 the open circuit voltage and

maximum power decrease when the temperature ireseas

A small PV system with two PV modules: moduleis2

{ { { { { — shaded (500 W/fM and moduleds receiving normal irra-
g,,,,J‘;,,,J‘,,,J‘,,,,:,,,,:,777—(;400“‘,‘,,2 d|ance (1000 W/ﬁ).
Tl

4 | S >0
! —— Lo Module 1 T +
- \ 1
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= N o o 1000 Wik
g _
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1 | _
| e
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Voltage (V)
Fig.10 I-V Characteristic for different levels ofa- —
diances and at temperature constant of 25 °C. d

Fig.13 the PV array under partial shading modul®a0 W/n?

) ) o and module 2
The following figures show the characteristic P-Mdd-V

of KC200GT module for different levels of temperatu The following figures show the simulation of phobttaic
(15,25,35,60) and at irradiance constant of 10063/ The following figures show the characteristic P-hid-V
of PV array (figure 13) under uniform conditiondanon-

Zw,,,,L,,,,E””L”E””f uniform condition (partial shading effect) with theesence
S N R A of bypass diode and without bypass diode.
— | | | i — { 1 { ’ {
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Fig.11 P-V Characteristic for different levels efiipera- ’ L L L L . L .
ture and at irradiance constant of 12000\W/m Yoltage (V)

Fig.14 P-V curve uniform condition (Module1 and MibeP
under irradiation 1000W/fH
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—Module 1
=== Module 2
|=—PVsystem

Voltage (V)

Fig.15 I-V curve uniform condition (Modulel and Mdd2
under irradiation 2000W/M).

Votiage (V)

Fig.16 P-V curve of PV array under uniform and +umiform
condition due to partial shading with bypass diadd without
bypass dioc.
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Fig.17 I-V curve of PV array under uniform and namform
condition due to partial shading with bypass diadd without
bypass diode.

The figures 16 and 17 show that the effect of phstiading
on PV system:

The maximum power of PV system decrease from 38812
W (under uniform condition module 1 1000 W/module

2 1000 W/m) to 207.1620 (under non-uniform condition
modulel 1000 W/fmmodule2 500 W/A).

The current court-circuit of PV system decreasemfro
8.2096 A (under uniform condition module 1 1000 \&/m
module 2 1000 W/A) to 4.1776 A (under non-uniform
condition module1l 1000 W/mmodule2 500 W/R).

Two peaks powers points (non-uniform condition with
bypass diode).

IV. CONCLUSION

In this paper we have presented the basic equivalen
electric circuit of PV cell, module and the matkibiulik
model of PV module, and small PV array with two g@an
The characteristic 1-V and P-V curves of KC200GThela
are obtained using the Matlab/Simulink for differealues
of irradiance and different values of temperatuaesl also
the characteristic I-V and P-V curves of PV arag
obtained under uniform condition and non-uniform
condition due to partial shading. The simulationkere
carried out in Matlab environment which gives a doo
understanding of the effect of partial shading dwe t
photovoltaic system (array) and a good presentatbn
characteristics I-V and P-V under different vaoatiof
irradiation and temperature.
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