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Mathematical Consideration on PV Cell Modeling
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Abstract — PV cell modeling is necessary both for software and hardware simulators in analyzing and testing
the performance of PV generation systems. Unique I-V curve of a PV cell identifies its own characteristics by
electrical equivalent model that is composed of diode constants (I,, vi), photo-generated current (I), series
resistance (Rs), and shunt resistance (Rs.). Photo-generated current can be easily estimated since it is
proportional to irradiation level. However, other electrical parameters should be solved from the manufacturer's

data sheet

that is consisted with three remarkable operating points such as open circuit voltage (Vo.), short

circuit current (Ie.), and maximum power voltage/current (Vapp/Impp). This paper explains and analyzes
mathematical process of a novel PV cell modeling algorithm that was proposed by the authors with the name

of "K-algorithm".
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Fig. 1 Comparison on I-V curves according to diode
ideality factor ‘a’
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Fig. 2 Comparison of I-V curve for a Cr-Si type PV cell
by each modeling algorithm
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Fig. 3 Comparison of I-V curve for a Thin—film type PV
cell by each modeling algorithm
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2. PV cell modeling
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Table 1 Example of manufacturer’s datasheet of PV panel

NA-F128GK Electrical data
Description Parameter Initial Values
Maximum Power Pupp 150.6 [Wp]
Open Circuit Voltage Voc 60.8 [V]
Short Circuit Current Isc 354 [A]
Voltage at point of
maximum power Ve 486 [V]
Current at point of
maximum power Dre 3.10 [A]
Temperature coefficient ] B o .
of open circuit voltage aVoc 0.30 [ / °Cl
Temperature coefficient . o o
of short circuit current alsc +0.07 [% / °Cl
Temperat.ure coefficient WPaer ~0.24 [% / °C]
of maximum power
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Fig. 5 Typical I-V curve of PV cell
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Fig. 9 Numeric analytical characteristics for the parameters of thin—film type PV cells QS55DDF (upper) and X73-A(lower)
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Table 2 Manufacturer’s datasheet of each PV panel

specimen
panel | A psg S13 X73-A | QSSEDDF
Parame
Adr Inventux
M -
and ‘Therm . Aleo . | Technologi | QS Solar
facturer Solartech | Solar AG
. es AG
nik
Isc[A] 33 78 1 1.23
VoclV] 215 30.7 134 74.1
IueplAl 2.86 71 0.7 0.94
Ve[ V] 175 25.4 105 58.6
Paeel W] 50 180 73 55

Table 3 Comparison result of each modeling algorithm for

several PV panels (iteration number and
current-error integration)
anel ATS0 S13 X73-A QS55DDF
Algori Niter | Terr | Niter | Ierr | Nier | Ierr | Niter | Ierr
K1 964 | 052 | 2090 | 2.14 | 100 | 0004 | 357 | 0.09
K2 391 02 | 826 | 1.86 | 98 0 338 | 0.08
K3 11 0.07 11 0.17 13 | 0015 | 14 | 0.002
Villalva | 3524 | 0.01 | 2876 | 0.91 Fail* Fail*
Wagner 1 1443 1 2.93 1 30.4 1 ‘ 30.2

Nier: Iteration number of each modeling algorithm
I Integral error in the voltage range of V=Vmpp£10%
*: R¢n becomes infinite in one iteration loop

Vilallva &a8]&¢] 723$ of wla <
2174 wgo] wHASEA] kil AA A Hlo]HAIES] 54
F4& Al 78 shAIRE wage] A9 g

FHsHA] ek, @lﬁﬁol 7k 3 A7 EAET
Wagner ¢112]59] 49 3 W9 Aoz [V 54
AL FEE 4 9l l A7} AsHA @AY T

Aletehs K-¢al ﬂ—?—% 71E 4 °ha"°ﬂ Hl sl
714 F7rE R setHEHE FoRkE 3l
Oi}ﬂ A el & & F dlen, 1 FolA

3-daE|Fo] w4t QAH ] SHAA FHA

Wagner &85

°

gfa N SEEE & 5o
4.4 2
B R AE PV celld] $7hRRS 7] 913 A
Ag Slaiglon WA olste] seiuE g Tol
gl FE AN FAHNY 5L B sk
NS gaelge volen Ao g olrdA
dez 2Aste] NAFeHon FHAY PV celld]
Aol the A= Hgol ¥4 gtk @il 9l
gk EF ol W W% ANslelof 1V 54FAE

TEE A
Aotd K-gae s 71ee daesa de o
H oot AE st & Aavt flo] B
7ol PV celle] diste] Ag oz sRhiEE o

o, A NEIsEn P A oAyl s
EN505300] Ao 9lE MPPT SdHYAAE 93
7y 7 AA AT} eAEEE

1 s
25E G 4ue RdYE b

of =2 2012d = R (usunsty|=7)e
Wz stmoAFActe| X fE ot A&
ZlZAFAIE Y (No. 2012R1A1A2039747). Ol
=22 7ol X2l d7H| X[ ol 2[5t0d
AT EAZ.

References

[1] Broshure, Elgar TerraSAS: Programmable Solar Array
Simulator, AMETEK Programmable Power Co. 5, pp.
1193-1208, 2009.

[2] IEC EN50530 Standard for Overall efficiency of
photovoltaic inverters, CENELEC, Stassart 35, B-1060
Brussels.

[3] S.Gonzalez, S.XKuszmaul, DDeuel, RLucca,
simulator development and validation,”
Photovoltaic ~ Specialists — Conference
2849-2852, 2010.

[4] M.G.Villalva, JR.Gazoli, ER.Filho,
approach to modeling and simulation of Photovoltaic
arrays,” [EEE Trans. on PE, Vol. 24, No. 5 pp.
1198-1208, May 2009.

[5] D.Sera, R.Teodorescu and P.Rodriguez, “PV Panel model

in Proc. on ISIE07, pp.

“PV array
bth  [EEE
(PVSC),  pp.

“Compregensive

based on datasheet values,”
2392-2396, 2007.

[6] CBendel and A.Wagner, “Photovoltaic measurement
relevant to the energy vield,” in Proc. WCPEC-3
World Conference on Photovoltaic Energy Conversion,
Osaka, Japan, pp. 1-4, May 2003.

St 3 of (A KK 1)
1990 112 624, 2013 ZF0f M7|H

MojZets el 2013 ~ &K S o
T\ RIRIO\ B Er Tt A ARRFY,

H(&ZH)

O—‘?—J 20LUA.

. 19834 =
995'-.i| S50 e

. 19964 ~19974 U=

. 19994 ~20004 Elot=

HM7|HAH Ol S W=,

19819 Mal M7l
thetal Hols=tat ¢
X7|2stn
27jtofatey st
HTEm

] 11




