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ANALYSIS OF PERFORMANCE OF A PV SOLAR CELL
AND EFFECT OF PHYSICAL PARAMETER

In recent days, PV solar systems have been commercialized in almost
the whole world because of its advantageous efforts like a long-term
supply of power at a very lower cost and various governments are also
encouraging consumers to use sustainable green energy. The purpose of
this study was to develop a model that allows the user to predict PV cell’s
current-voltage (I-V) and power-voltage (P-V) characteristic curves
by varying irradiance, cell temperature, and diode ideality factor, and
the value of series resistance. The characteristic curves obtained from
the simulation of the MATLAB/Simulink model are matched with the
data given by the manufacturers by changing the value of mentioned
internal parameters. Comparative results of one and two diode models
with different electrophysical parameters are shown. There are analyses
for photocurrent, voltage and power, as well as their dependence on
single and two diode models. Block diagram models for diodes are also
presented.

Keywords: Irradiance, Temperature, Ideality Factor, Series
Resistance, current-voltage characteristics.

Introduction

Solar cell is mainly p-n junction which is made up of thin wafer or layer
of semiconductor. Electromagnetic radiation coming from Sun can be directly
converted into electricity when it is exposed to the metallic plates forming the
photovoltaic cell through photoelectric effect. When solar cell is exposed to sunlight
then photon that are coming from electromagnetic radiations having high energy
to the band gap energy of semiconductor are absorbed and create a deficient
of electron as a result electron hole pair is produced. The number of emitting
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photoelectrons is directly proportional to the intensity of incident radiation. When
photons get absorbed in the cell, energy of photons will cause the electrons to get
free and they can move in the cell, these electrons exist from both ends of cell
and creates a flow of electrons (creates electricity). With the increase in intensity
of sunlight number of photo-electrons emission can be increased (Intensity is
proportional to the number of photoelectrons) creates the passage of electrons
which in turn produces a more electricity. Internal electric field of p-n junction
may have impact on these carriers which are swept apart and produces a flow of
electrons emitted by photons is proportional to solar insulation [1]. PV system
naturally exhibits a non-linear [-V and P-V characteristics which may vary with
the intensity of radiation and temperature of cell.

SUNLIGHT
FRONT
ANTLREFLECTIVE CONTACT

COATING

SPECIALLY TREATED
SEMI-CONDUCTOR ™
MATERIAL

(

BACE CONTACT

Figure 1 - Basic solar cell

These solar cells don’t produce sufficient energy individually so by combining
these solar cells in photovoltaic panels we can produce enough energy to power
our homes as well as for many other purposes like space satellites.

The evolution of modeling and simulation has been made and this makes a
necessary part in modern time. The modeling of module comprises of non-linear
V-I and P-V characteristics. The literature of PV cell, this begins in beginning
of 1977 with [2]. After 1977 many researchers have studied it to enhance its
efficiency and reduce the cost. Many of the researchers have used circuit-based
method to characterize solar module of a simpler model; that is a current source in
parallel with a diode [3—6]. In solar modules, continually changing environmental
conditions such as partial shading can adversely affect the peak output power from
the model. Many calculating techniques have been suggested by the researchers
[3, 7-10]. Modest circuit constructed model was proposed in [3, 9-11]. Secondary
methods have also been given by researchers in which the V-I characteristics can
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be adjusted through mock intelligence methods [12—15]. However, some of the
methods are ideally difficult to implement and need much of the computational
efforts while the other methods are only limited up to the simulation of PV module.
Because of all the constraints, a correct and complete design of PV system was
presented circuit model in MATLAB Simulink model. In 29 Apr 2013 (Updated
06 May 2013) Shivananda Pukhrem analysis, «A circuit based simulation model
for a PV cell for estimating the IV and PV characteristic curves» [16].

Materials and methods

The important formulation used in modeling PV cell metallization is as
follows. For single diode model the relation between output current of a PV cell
and terminal voltage.

=t (25 -]

PV cells basic equation does not represent practical I-V characteristics.
A lot of PV cells are connected along with additional parameters like parallel
and series resistances (RS & RP) to form a practical module. Hence equation of
current is given by

I =1Ly, -1 [exp () - ”Rsx’] @)

AXVT Rp

For two diode model equation of PV cell current equation becomes,

Pt =t e (G557 - 1)) = e (G257 -1 -5 ©

Where Iph is light generated photo current, I is diode current, V is diode
voltage, T is temperature, A, A1, A2 diode ideality factor, k is Boltzmann constant,
10 is reverse saturated current, q is charge of electron, I the reverse saturation
current of diode D1 and D2 respectively, 11 is diode equation due to diffusion,
12 diode equation due to change recombination mechanisms. Modeling of single
diode ideal model.

|<|1

x

Iph=lm[(Top-Tref)*Ki+lsc]
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Figure 2 — Light generated current block diagram

=T )

ld=lslexp{(V+"Re}(Ns"n"VI"C1}-1]

Figure 3 — Diode current block diagram

lo=lsclexp{{Voc*q)(k*C*Top*n)}-11

Figure 4 — Reverse saturation current block diagram

[Np] : —I—b+

I=[(Iph.Np)-Id-Ish]
Figure 5 — Output current block diagram
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Modeling for single diode with Rs. Now we have to consider shunt current
(ISH) for the modeling of single diode with series resistance Rs, for that that we
must know the value of series resistance (RS) and parallel resistance (RP). So,
we will vary the values of series resistance (RS) and parallel resistance (RP)
iteratively, by using MATLAB hence we can find shunt current.

U

Ish=(I"Rs+V)/Rp I = Iph-ld-Ish
a) Shunt Current block diagram b) Block diagram of output current
for single diode with series resistance

Figure 6 — Block diagram
Modeling for two diodes with Rs. Current calculation process of two diode

model with series resistance is exactly same as that of single diode model but in
this case, we have to consider two diodes.

llphl

|

[id1] »—

[1d2] »

i

[Ish]

|

I = Iph-ld1-ld2-Ish
Figure 7 — Block diagram of output current for two diode with series resistance

Modeling of Subsystem for single diode and two diode models with Rs
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Irradiance(p.u)
(Wim2)1

= Electrical Reference

Solar PV panel

Figure 8 — Subsystem block diagram for single and
two diode models with series resistance Rs

Blue block is basically a subsystem, this part is user defined. On that block
a user can input his/her required data for temperature, Sunlight/irradiance, and
Voltage. Two diode model sub system is also same, but main difference in this
case is that we have to consider one extra diode for modeling. By using this
model of PV solar cell we can put data values of different solar cell models in this
model. Suppose if we are using a solar model named MX-65 it will have different
values of open circuit voltage, short circuit current and temperature co-efficient
of open circuit voltage and short circuit current as compared to that of MX-60
solar cell model. Now by varying these inputs we can observe different I-V and
P-V characteristics curves.

Results and discussions

P-V and I-V characteristic curves of a PV solar cell and radiations are highly
non-linear. For solar cell’s MSX-60 module (with pre set parameters given
in table 1) we have simulated P-V and I-V characteristics using MATLAB-
Simulink by varying different parameters like ideality factor, temperature, series
and shunt resistances to match the parameters set by the manufacturer (short circuit
current open circuit voltage, maximum current, maximum voltage and maximum
power) at standard temperature (298 K) and irradiance (1000 W/m?).
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Figure 9 — Model I-V and P-V characteristics curves
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Table 1 — Solarex MSX-60 module specification data

Characteristic SPEC
Typical peak power (P,) 60 W
Voltage at peak power (Vp) 171V
Current at peak power (IP) 35A
Short-circuit current (I ) 38 A
Open-circuit voltage (V) 211V
Temperature coefficient of open-circuit voltage -73mV/°C
Temperature coefficient of short-circuit current (K, 3mV/°C
Approximate effect of temperature on power -0.38 W/°C
Nominal operating cell temperature (NOCT) 49 °C

Effect of Temperature Variations on Solar Cell. We have taken diode ideality
factor 1.2, irradiance 600 W/m? and circuit temperature varied between 0 °C and
75 °C. Effect of temperature on solar cell maximum output power is simulated
and resultant I-V and P-V characteristics curves are shown below. Hence it is
clear from these curves that maximum output power of cell is greatly affected by
temperature variations. Power is reduced because with the increase in temperature
diode current is also increased. Maximum output voltage of single diode falls with
the increase in temperature is approximately 1.75 V/°C and for two diode model

approximately 3.5 V/°C.
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Figure 10 — Model I-V (a, b) and P-V (c, d) characteristics curves

Table 2 — Single diode model and two diode model temperature variations

Tempera- | No series 273 298 323 348

ture (°C) | cell (Ns)

Pm(W) 36 (two 42.5990 38.5953 |34.4117 30.0569
Vm(V) diode) 19.9000 17.8000 | 15.7000 13.6000
Im(A) 2.1407 2.1683 21918 2.2101
Pm(W) 36 52.4128 46.4099 |40.4974 34.6911
Vm(V) (dsilélgg 24.0000 21.4000 | 18.9000 16.4000
Im(A) 2.1839 21687 |2.1427 2.1153
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Figure 10 — Single diode and two diode model difference
compared to ideal diode model

Effect of Irradiance. When we have varied irradiance value in steps as

400 W/m?, 600 W/m?2, 800 W/m?, 800 W/m? and 1000 W/m? with constant
conditions (diode ideality factor 1.2 and temperature kept 25 °C) resultant changes
in [-V and P-V characteristics curves are shown below. It is very clear from these
plots that short circuit current and open circuit voltage are greatly affected by these
irradiance variations especially short circuit current. With the increase in irradiance
short circuit current increases and hence maximum power is also increased.
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Table 3 — Single diode model and two diode model irradiance variations

Irradiance No 273 298 323 348
(W/m?) series cell
(Ns)

Pm(W) 592280 | 467111 | 34.1934 223043
Vm(V) di306dg)wo 16.1000 | 16.1000 | 16.1000 15.1000
Im(A) 36788 | 29013 | 2.1238 1.4771
Pm(W) . 69.6928 | 54.9860 | 40.4974 26.3007
Vm(V) gleffio(gg' 19.5000 | 19.2000 | 18.9000 18.4000
Im(A) 35740 | 2.8639 | 2.1427 1.4294
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Figure 12 — Single diode and two diode model difference for power,
voltage and current compared to ideal diode model

Conclusion

Photovoltaic (PV) cell, module and array are represented by a generalized
photovoltaic (PV) model. This model is formed with the help of MATLAB
and verified with different models. Main inputs to our model are irradiance and
temperature while the outputs are I-V and P-V characteristics curves under various
conditions. This model is designed in the form of Simulink block libraries. The
masked image makes the block model more user friendly and a dialog box permits
the users to easily configure the PV model The proposed model takes sunlight
irradiance and cell temperature as input parameters and outputs the I-V and P-V
characteristics under various conditions. For MATLAB modeling and simulation
such a comprehensive PV model is simple to be used.
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®OTOIJEKTPIIK KYH BATAPEACBIHBIH OHIMILIIT'TH
KIOHE ®U3UKAJIBIK ITAPAMETPJIEPAIH 9CEPIH TAJIJIAY

Conavl Kynoepi pomoaekmpiix Ky Jcylienepi ome momen bazamen
V3aK Mep3IMOL dleKmpMeH HcabObIKMay CUSKMbL ApMblKUbLILIKMAPbIHA
batianvicmol OYKil o5eMOe KOMMEPYUSIAHObL JCOHe IPMYPIIL yKimemmep
MY MbIHYWbLLAPObLIMYPAKMbLHCACHLIIHEPLUAHINAUOANAHY 2AUAKBIPAOB.
byn zepmmeyoiy maxcamuvl navdaranyuibizd @GomosjiemMeHmmiy mox
kepueyiniy (I-V) oicone kyamoinoiy (P-V) cunammamansix KUcoiKmapuin
AHCAPLIKMAHOLIPYObL, DJEMEHMMIY MEeMNEPAMypPachih JHCoHe OUOOMbLY
UOeanObLIbIK KOIPPUYUESHMIH JCOHE CePUSIIbIK KeOepel MOHOePIH 632epmy
apKbLbL OONICAY2a MyMKIHOIK b6epemin mooeb scacay 6onovi. MATLAB/
Simulink mooenin modenvoey Homudicecinoe anblHeaH CUNAMMAMATBIK,
KUCLIKMAp KOpcemineen WKL napamempiepoiy MOHOEPIH ©32epmy
aApKbLIbLL OHOIPYILIED YCbIHEAH MOTIMEMMePMEr CAlbICbIPbLIAObL. Op
mypai JeKmpohu3UKaIel napamempiepi oap ouoomapowiy 0ip JHcoHe
eKi MOOENIHIH CANbICMbIPMAibl Homudiceepl Keamipineen. @omomoxmol,
KepHeyOl JHCoHe Kyammbvl Maioay HOMmudiceiepl, COHOau-axK o1apovly Oip
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JicoHe eKi 0uoomwl Moodeivoepee moyendiniei kenxmipineen. Juoomapaa

APHAN2AH KYPOLILIMObIK, CXeMALapObly MOOeIbOepi 0e YCblIHbLI2AH.
Kinmmi  ce3zdep:  owcapvikmanOulpy,  memnepamypda, — uoeai

KO3 huyuenmi, 0otiexmi KapColiviK, 80IbM-AMAEPIIK CUNAMMAaMALAPbL.

*Pexan Anu Paxumyn’, Kamuno 3aman Paxumyn?, Amup Xan /[ocapsap?’,
Myxammao @aiizan Lleiax', Myoscmaoa Aouo Xycceiin'
"MmxenepHo-TexHoMornueckuit yausepeutet NED, Kapauwu, [lakuctan
“MmKeHepHO-TEXHOIOTHYECKIH YHUBEpCUTET MexpaHa, J[xamiopo, [Takuctan
IIpunsaro k uzganuro 15.12.23.

AHAJIN3 IMTPOU3BOJAUTEJIBHOCTH ®OTOJIEKTPUYECKOI'O
COJIHEYHOT O 3JIEMEHTA U BJIMAHUSA
OU3NYECKHUX TAPAMETPOB

B nocreonue onu ghomosnexmpuueckue conmneynvie cucmembvl Obliu
KOMMEPYUATUZUPOBAHLL NOYMU 80 BCEM MUPE U3-30 UX NPEUMYUECME,
MAKUX KaK 0020CPOUHOE CHAOIICEHUE INeKMPOIHEPSUCI NO OYEHb HUZKOLL
yeHe, U paziuyHble NPABUMENbCIEA MAKNHCe NOOWPSIOM nompedumeret
UCNONIBb308ANb YCIOWYUBYIO 3€ICHYI0 dHepeuio. Llenblo amoeo ucciedosanus
oviia  pazpabomka MoOenu, KOMOpas NO360Jem NOAb308AMENI0
NPOCHOZUPOBAMb  XAPAKMEPUCTIUYECKUE KPUBble HANPSNCEHUS MOKA
(I-V) u mowmnocmu (P-V) ¢omoaremenma nymem  usmeHeHus
0C8eUjeHHOCIU, — MeMnepamypsvl  dieMenma U Kod(ppuyuenma
udeanvnocmu  0uodda, a MaKdce 3HAYEHUsT  NOCIeO0BAMENbHO2O
conpomueienHus.  Xapakmepucmuueckue — Kpuebie, NOYYEeHHbLE
6  pesyromame  molenuposanusi  mooeau  MATLAB/Simulink,
CONOCMABIAIOMCA ¢ OAHHbIMU, NPEOOCMAGICHHBIMU NPOU3BOOUMENMU,
nymem USMEHeHUs. 3HAYCHULl YKA3AHHbIX GHYMPEHHUX NApamMempos.
THokazanvl cpasnumenvhsie pe3yivmamol 00HOU U 08YX MOOeell OU0008 ¢
PaziuuHbIMU dekmpoghuzuveckumu napamempamu. llpusedenvt ananuzol
Gpomomoka, HanpaNCeHus U MOWHOCIU, d MAKICE UX 3A6UCUMOCHIL OM
Mooereti ¢ 00HUM u 08yMsL Ouodamu. Taxdice npedcmagieHvl CMpyKmypHbie
cxembl OU0008.

Kniouesvie crosa: Ocsewennocmo, memnepamypa, Kod@huyuenm
uoeanvbHocmu, NOCIKO0BAMENbHOE CONPOMUBTCHUE, B0bI-AMNEPHbIE
Xapakmepucmuxu.
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