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Very few manufacturers that are providing a wide range of graphical data necessary to use
high-performance predictive tools for PV systems. On the other hand, reliable graphical data require precise
laboratory measurements that increase manufacturing costs. Furthermore, most of the methods used to
determine photovoltaic performance require iterative techniques, additional mandatory information and
users with a certain level of knowledge. For this reason, PV system designers have to choose between the
use of cheap PV modules, lacking in technical data, and the reliable energy predictions that are possible
only if the current—voltage characteristics are provided by the PV module manufacturers. This paper
presents a novel method to extract the single diode five parameters model for different manufacturer’s
modules using the minimum set of technical data that are usually provided by all manufacturers. The
proposed procedure uses an accurate and easy method that does not require iterative techniques, other
obligatory information or users with special knowledge but only datasheet values from a technical catalog of
photovoltaic modules to simulate photovoltaic performance. The method uses an empirical relationship that
enables to calculate the initial values of series and shunt resistances and extracts the parameters of the
model from datasheet values provided by manufacturers only. The capability of the proposed model to
calculate the current—voltage characteristics was tested by comparing the results with data measured by
different manufacturers’ panel models (mono-crystalline and poly-crystalline) silicon modules. The method
was also compared with other similar methods. The results of the new model application confirm the
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reliability of the procedure.
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Nowadays a photovoltaic market is growing at a
very fast rate and it is possible to buy any PV module
for every user. Photovoltaic users could be grouped as
researchers, designers of PV systems and smaller users
[1]. The demands of these users show a wide spectrum.
For example, researchers need accurate results, PV
designers ask for short- term optimization of the PV
system, while small- scale users want a feasible and
simple method to achieve PV performance [2].
Although all existing methods are precise and suitable
for obtaining and evaluating model parameters and thus
PV performance, to use them, users with specific
knowledge are needed. The main outcomes of the
existing methods could be summarized below in an
unexhaustive manner. It is impossible to measure the
I-V curve for every user, especially small ones [3]. The
model parameters are calculated by using difficult
mathematical calculations [4] or iterative techniques
[5] in some methods. Furthermore, some of these

methods require programming software like MATLAB,
Mathematica, or special equation solvers [6]. The sales
price of software is quite high for PV designers and
small users. Consequently, not only PV designers and
small users but also researchers are unable to use
existing methods. Therefore, methods based solely on
datasheet values are more attractive for small- scale
users and PV designers, and even for rescarchers,
because they are easy to calculate PV performance.
There are numerous methods to extract panel
parameters. Among various mathematical models of the
PV module proposed in the literature, there is a very
simple method to determine photovoltaic performance
using data sheet values [7]. Since parasite resistances
have been neglected, the simulation accuracy of this
method in different operating conditions is very low.
Another method based on datasheet values is suggested
in [8]. Instead of using a premeasured or digitized -V
curve, a simplified method was proposed. Two
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nonlinear equations are solved to obtain the parameters
of a PV system. A new procedure was reported based
on datasheet values [9]. The diode ideality factor (A) is
taken as a constant to reduce the number of equations.

In this paper, a model for a PV panel is constructed
using a single- diode five- parameters model based
solely on datasheet parameters. The proposed method
is precise and easy to use requires no iterative
techniques, no additional mandatory information, and
no users with special knowledge, but only data sheet
values in the technical catalog of photovoltaic modules
to simulate photovoltaic performance. Also, the method
enables to calculate the PV system parameters without
using the experimental I-V curve.

Single diode model of PV cell. Mathematical
descriptions of the I-V characteristics of PV cells are
available for many years and are derived from the
physics of the p-n semiconductor junction. A
crystalline solar cell is a large-area silicon diode. In the
dark state, the I-V characteristic curve of this diode
corresponds to the one of a normal p-n junction diode
and it produces neither a voltage nor a current.
[llumination of the PV cell creates free charge carriers
which let current flow through a connected load. The
so-called photocurrent / oh is proportional to irradiance
[8].

If the circuit is open the photocurrent is shunted
internally by the p-n junction diode. The simplest
equivalent circuit of a PV cell as shown in Fig.1, is a
current source which intensity is proportional to the
incident radiation, in parallel with a diode D and a
shunt resistance R,. This resistance is the leakage
current to the ground. The internal losses due to
current flow and the connection between cells are
modeled as a small series resistance R, [8].

A PV panel based on the single diode model has a
general current voltage characteristic:
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In the above equation, V, is the thermal junction
voltage:
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The equation (1) can be written for three V-1 key
points: short circuit point, the maximum power point
and the open circuit point.
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Fig. 1. Equivalent circuit of a PV cell using the single diode model
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The photo- generated current [/ oh and the dark
saturation current [/, can be expressed from the
formula of the open circuit and short circuit conditions:
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By inserting Eq. (6) into Eq. (3), it takes the form:
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The second term in the parenthesis of the above
equation can be omitted, because it is small compared
to the first term. Then Eq. (7) becomes:
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sh
The solution of the above equation for /), results
in:
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From the equation (4):
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Supposing that the derivative of the maximum
power is zero [8]:
dp ot
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The last parameter to be determined is the series
resistance R [9]:
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A. Initial Estimation of PV Parameters

From the equations (6)—(12) it is clear that exact
determination of the initial value of reference series
(Ry) is essential to calculate the reference single diode
and /. Therefore, the
more precise determination of the R is, the more

model parameters; R, R,

precise parameters of the model are. On the other
hand, the initial value of reference shunt resistance
(Rg0) which is to initiate the calculation of model
parameters in the equations (6,9) with assumptions of
Rgy =R
the Ry, value is given below [9].

and R =R,.. The expression to estimate

V
mpp
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The R, could be correlated directly with the few

datasheet values of V., Vmpp and / mpp 8-
Vv -V
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B. Extraction of PV parameters under variable
radiation and temperature conditions

The previous section deals with the parameter
determination of solar panels at the standard test
condition (Gref =1000 W/m2, Tref =25°C, spectrum
AM1.5). Therefore, the following equation is used to
extract the variation of all the parameters of the
single-diode model with respect to the change in
radiation and temperature.
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The parameter (o) can be determined as follows
[10]:
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Results and discussion. The previous section

describes the construction of a PV panel model. This
model has been implemented in MATLAB, to be
verified in different temperature and irradiance
conditions. It can be seen that calculated (I-V) curves
at different conditions are in good agreement with the
experimental data for different models SP75
(monocrystalline) solar module and KC200GT
(poly-crystalline) solar module, their datasheet values
are listed in Table 1.
Table 1
Shows the data obtained from the datasheet for
KC200GT solar module sand SP75 solar module
at 25°C, AM1.5, and 1000 W/m?

P KC200GT SP75 solar
arameter

solar module module
Max. Power (Pmpp) 200 W 75 W
Max. Power Voltage (Vmpp) 263V 17 V
Max. Power Current (Impp) 7.61 A 4.4 A
Open Circuit Voltage (Voc) 329V 21.7 V
Short Circuit Current (Isc) 8.21 A 4.8 A
Temperature Coeff. of Voc(Kv) - 0.123vV/C | - 76 mV/C
Temperature Coeff. of Isc(Ki) +3.18 + 2 mA/C

’ mA/C

Number of cells (ns) 54 36
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The results have been compared to the
characteristics and values provided by the product data
sheet. The temperature dependencies of the model’s
V-1 curve have been verified by plotting the
characteristics for three different temperatures.

The Fig. 2, 3 show that the short-circuit current
and the open-circuit voltage are in very good
agreement with the data-sheet values for SP75
(monocrystalline silicon) solar module and KC200GT
(multi-crystal silicon) solar module. The change in the
open-circuit voltage and short-circuit current are in
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Fig. 2. Voltage-Current characteristics of the shell SP75 model
(monocrystalline silicon) at three different temperatures and
standard irradiation
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Fig. 3. Voltage-Current characteristics of the KC200GT model
(multi-crystal) at three different temperatures and standard
irradiation
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Fig. 4. Voltage-Power characteristics of the shell SP75 model
(monocrystalline silicon) at three different temperatures and
standard irradiation

accordance with the temperature coefficients given in
the datasheet.

The calculated and experimental variations of power
with voltage for the shell SP75 model and the
KC200GT model, at three different temperatures and
standard irradiation, are illustrated in Fig. 4, 5.

Fig. 4, 5 provide a clear view of how the curves vary
with temperature. There is a significant reduction in the
power output of the photovoltaic system as cell
temperature increases. Also, the calculated (P-V) curves
at different temperatures are in good agreement with
the experimental data for different models (SP75 and
KC200GT).
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Fig. 5. Voltage-Power characteristics of the KC200GT model
(multi-crystal silicon) at three different temperatures and standard
irradiation
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Fig. 6. Voltage-Current characteristics of the shell SP75 model
(monocrystalline silicon) at different irradiation and standard
temperature
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Fig. 7. Voltage-Current characteristics of the KC200GT model
(multi-crystal) at different irradiation and standard temperature
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Fig. 8. Voltage-Power characteristics of the shell SP75 model
(monocrystalline silicon) at different irradiation and standard
temperature
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Fig. 9. Voltage-Power characteristics of the KC200GT model

(multi-crystal) at different irradiation and standard temperature

To show the effect of irradiance on the performance
of a module the temperature is kept fixed at 25 °C, and
the values of irradiance are changed. The variation of
the current-voltage characteristics with irradiance is
shown in Fig. 6, 7.

From the Fig. 6, 7 it can be noted that, according
to the theory, the short circuit current shows a linear
dependence with the irradiation, wunlike the
open-circuit voltage, which increases logarithmically
with the irradiation. Fig. 6, 7 show that the calculated
(I-V) curves at different irradiation are in good
agreement with the experimental data for different
models (SP75 and KC200GT). In the same way,
Fig. 8, 9 show the comparison between the calculated
P-V characteristic and the experimental characteristic.
Also, the calculated (P-V) curves at different irradiation
are in good agreement with the experimental data for
different models (SP75 and KC200GT).

To evaluate the accuracy of the proposed model,
the corresponding normalized root mean square error
percentage [NRMSE (%)] is calculated at different
conditions. the corresponding normalized root mean
square error percentage [ NRMSE (%)] is calculated by:

NRMSE (%)= , (24)

where N is the number of measurements; E; is the
calculated value; M; is the measured data.

Table 2 shows the corresponding percentage of
normalized root mean square error [NRMSE (%)] for
the parametrization method proposed in this study, the
method in [4] and the curve- fitting method calculated
by [6].

Table 2

Evaluated NRMSE for KC200GT at different

environmental conditions

G, Wi | T.°C | WRMiSE % | NRMSE. % | NRMSE %
1000 | 25 0,68 7,00 0,86
1000 | 50 0,73 3,74 1,59
1000 | 75 0,64 2,09 1,51
800 | 25 0,65 5,43 0,68
600 | 25 0,38 9,80 1,23
400 | 25 0,42 9,59 2,17
200 | 25 0,65 24,50 2,41

Conclusion. A photovoltaic panel model has been
developed and implemented exclusively using datasheet
values. The method is easy to apply, i.e. it doesn’t
require iterative techniques, additional mandatory
information or users with a specific level of knowledge
are required. Furthermore, the calculated (I-V) curves
based on the proposed model are in good agreement
with the experimental data for various environmental
effects (temperature and irradiance). The main
contribution of the method is to allow to simulate the
PV performance by using only datasheet values in a
simpler and more accurate manner. Thus, it can be
utilized as a useful estimating tool especially for PV
designers and small-scale users, even researchers, under
different outdoor conditions because it has significant
advantages in the simulation of PV performance.
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Hogblii MeTO onpee/ieHis NapaMeTpPoB OTHOAMOIHONH MOJEIN
(oTo31eMeHTa HA OCHOBE TA0JUYHBIX JTAHHBIX

OCMAH Moxamen Xacan — accucmenm kKagedpul 3aekmpomextuku, Yunusepcumem Anv-Asxap, Kena,
FEeunem; acnupanm evicuieli wikonvt <«Bovicokosorvmuas suepeemuxa», Canxm-Ilemepoypeckuii
noaumexuuyeckuii ynueepcumem Ilempa Beauxoeo, Canxm-Ilemepbype, Poccus

PE®AAT Axmer — accucmenm kaghedpwr snexmpomexuuxu, Yrnueepcumem Iopm-Cauda, Ilopm-Cauo,
Eeunem

KOPOBKHWH Hukonaii BaamummpoBud — Jokmop mexH. Hayk, npogheccop evicuieli WKObl
«Boicokosonvmuas suwepeemuxa», Cankm-Ilemepoypeckuii noaumexunuueckuii ynusepcumem Ilempa
Beaurxoeo, Canxm-Ilemepoype, Poccus

Hemnoeue npouzsodumenu ghomoanekmpuueckux modyaeil npedocmaensiom 00CmamouHulii Habop epa-

Quueckux 3asucumocmeti, He0OXO0UMbIU NPU NPOSHOZUPOBAHUU U ONMUMUZAUUU PAOOMbL POMOINEKMPU-

yeckux cucmem. lloayuenue oabm-amnepHvix XapaKkmepucmux mpebyem mo4HviX 1a00pamopHbiX usmepe-

HUll, 4mo 8edem K y8eaueHuro npou3eo0cmeeHHslx 3ampam. Kpome moeo, 60abuiuHcmeo memooog onpe-

denerus xapaKkmepucmuk (omosnexmpuueckux mooyaeii mpebdyem umepayuoHHbIX n100X0008, HYlCOaemcs

8 0ONOAHUMENbHOU UHMOPMAyUU U MOdCem dPHeKmMUBHO UCNOAb308AMBCS AUULL CReYUAAUCTNAMU 8bICOKO-

20 ypoeHs. Ilo smoii npuuure pazpabomuyuxam GomosneKmpu4ecKux cucmem npuxooumecs vloupams me-

HCOy UCNONB308AHUEM OelledblXx GomoaneKmpuuecKkux moodyaeil 6e3 docmamoyHoeo HAOOpPa MeXHU4ecKux

OaHHBIX U HAOEHCHBIM NPOSHO3UPOBAHUECM PelCUMO8 pabombl Modyaell, 803MOICHBIM & cayuae npedocmas-

AeHUS UX NPouU3800UmMeNsiMU B0AbM-AMNEPHbIX XapaKkmepucmuk. B cmamove paccmomper HOGbulll Memod

onpedeneHus xapakmepucmuk (napamempos) S-napamempuueckoii 00HOOUOOHOU modeau gomosremenma

ons Modyaeil paznuuHvix npoussodumeneil. Ilapamempnvi onpedeasiomcs MUHUMAAbHbIM HAOOPOM MexXHUuYe-

CKUX OaHHbIX, 00bIMHO NPedoCmasisiemMbvlx ecemu npoussodumenamu. Ilpedraeaemas npouedypa ucnonbsy-

em MOUHbLIL U NPOCMOLl Memod, He mpebyem UmepauuoHHbIX N00X0008, 0ONOAHUMENbHOU UHGOpMayUU U

8bICOKOU Kearugukayuu noavzogameneii. Memood ucnoavzyem sMRUPUYECKYIO 3ABUCUMOCMb, HO380A5H0-

WY paccHumsl@ams Ha4aAbHble 3HA4eHUs] NOCAe008AMENbHOR0 U UWLYHMUDPYIOULee0 CONPOMUBAEHUI U Onpe-

deasiem napamempsbt 00HOOUOOHOU MOOeAlU, UCHOAb3YS UHDOPMAUUIO, NPedoCMaBAeHHYH) NPOU3B00Umens-

mu. CnocobHocms paspabomanHoil Modeau 80CNpoU3800UMb 80AbM-AMNEPHbIe XaAPAKMepUCmuKu gomo-
2/1eMeHMOo8 Oblaa NPosepeHa nymem CPABHeHUs Pe3yAbmamos npeoiolceHH020 Memoda ¢ OaHHbIMU U3Me-

PeHuil Ha omonanensx ¢ KpemHuegbMu MoOyAIMU (MOHOKPUCMANNUHECKUMU U NOAUKDPUCMANAUYECKUMU)

Pazau4HbIx npoussodumenei. Memoo makice cpasHueaics ¢ opyeumu aHaroeudHbiMu memooamu. Pe3ynb-

mamol UCCAe008AHULI NOOMBEPHCOArOM HAOCICHOCMb NPEeONONCeHHO20 N00X00d.

KnodyeBble cinoBa: ¢pomoarekmpuueckue cucmemvl, mMemod onpedeseHus XapaKmepucmux
domoanexmpuueckux modyaeil, 00H00UOOHAs Modeau (omodLeMeHma, 80AbM-aMNepHble XapaKmepucmu-

Ku, mecmupoganue moodesell Gomosnsemenmos, madauunvie OaHHbLE
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