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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 researchers,

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 I-V

curve, a simplified method was proposed. Two

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

reliability of the procedure.
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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.
Illumination of the PV cell creates free charge carriers
which let current flow through a connected load. The
so-called photocurrent I ph  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 Rsh . 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 Rs  [8].

A PV panel based on the single diode model has a
general current voltage characteristic:
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In the above equation, Vt  is the thermal junction
voltage:

V
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The equation (1) can be written for three V-I key
points: short circuit point, the maximum power point
and the open circuit point.
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The photo- generated current I ph  and the dark
saturation current I0  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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The solution of the above equation for I0, 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]:
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Fig. 1.  Equivalent circuit of a PV cell using the single diode model
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The last parameter to be determined is the series
resistance Rs  [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 

(Rs0) is essential to calculate the reference single diode

model parameters; Rs , Rsh ,  and I0 . Therefore, the

more precise determination of the Rsc  is, the more

precise parameters of the model are. On the other

hand, the initial value of reference shunt resistance 

(Rsh0) which is to initiate the calculation of model

parameters in the equations (6,9) with assumptions of  

R Rsh sh= 0   and R Rs sc= . The expression to estimate

the Rsh0  value is given below [9].
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The Rsc  could be correlated directly with the few
datasheet values of Voc , Vmpp  and I mpp  as:
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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 (a) can be determined as follows
[10]:

a= æ

è

ç
ç

ö

ø

÷
÷

-

æ

è

ç
ç
ç =

=

å

å

1
11

1
ln

( )

( )
G

G

Vc G

Vc G
ref

n

n

ref n

n

n

n

ç
ç

ö

ø

÷
÷
÷
÷
÷

;     (18)

R G R
G

Gsh sh ref
ref

( ) .= ;       (19)

A G T A
T

Tref
ref

( , )= ;        (20)

I G T
R G T R G

R G
I G Tph

s sh

sh
sc( , )

( , ) ( )

( )
( , )=

+æ

è
ç
ç

ö

ø
÷
÷ ;  (21)

I G T

I G T
V G T I G T R G T

R Gsc
oc sc s

sh
0( , )

( , )
( , ) ( , ) ( , )

( )
=

-
-æ

è
ç
ç

ö

ø
÷
÷

e

qV G T

n AK
oc

s

( , )
;

(22)

R G T R
T

T

G

Gs s ref
ref

ref
( , ) , ln.= -

æ

è

ç
ç

ö

ø

÷
÷

æ

è

ç
ç

ö

ø

÷
÷1 0 217 .  (23)

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.

Tab le 1
Shows the data obtained from the datasheet for

KC200GT solar module sand SP75 solar module 
at 25 °C, AM1.5, and 1000 W/m2

Parameter
KC200GT

solar module
SP75 solar

module

Max. Power (Pmpp) 200 W 75 W

Max. Power Voltage (Vmpp) 26.3 V 17 V

Max. Power Current (Impp) 7.61 A 4.4 A

Open Circuit Voltage (Voc) 32.9 V 21.7 V

Short Circuit Current (Isc) 8.21 A 4.8 A

Temperature Coeff. of Voc(Kv) - 0.123V/C - 76 mV/C

Temperature Coeff. of Isc(Ki)
+ 3.18
mA/C

+ 2 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-I 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

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. 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

Fig. 4. Voltage-Power characteristics of the shell SP75 model
(monocrystalline silicon) at three different temperatures and
standard irradiation
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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

Fig. 7. Voltage-Current characteristics of the KC200GT model
(multi-crystal) at different irradiation and standard temperature

Calculated
Measured

Voltage, V

Current, A

2G=1000 W/m

2800 W/m

2600 W/m

2400 W/m

2200 W/m

0

2

4

6

8

10

10 20 30



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, unlike 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:
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where N is the number of measurements; Ei  is the
calculated value; Mi  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].

Tab le 2
Eva lu a ted NRMSE for KC200GT at dif fe rent 

en vi ron men tal con di ti ons

G, W/m2 T, °C This method
NRMSE, %

Method in [4] 
NRMSE, %

Method in [6] 
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 0,88 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.

________________RE FE REN CES _________________________

1. Refaat A., Elgamal M., Korovkin N.V. A novel grid connected
photovoltaic centralized inverter topology to improve the power
harvest during partial shading condition. – Electricity, 2019, No. 7,
pp. 59–68.

2. Refaat A., Osman M.H., Korovkin N.V. Optimum Power
Extraction from Non-Uniform Aged PV Array Using Current
Collector Optimizer Topology. – Electricity, 2019, No. 10, pp.
54–60.

3. Averbukh M., Lineykin S., Kuperman A. Obtaining small
photovoltaic array operational curves for arbitrary cell temperatures
and solar irradiation densities from standard conditions data, Prog.
Photovolt. Res. Appl. 21 (2012), pp.1016–1024.

4. Sera D., Teodorescu R., Rodriguez P. PV panel model based
on datasheet values. – Proc. IEEE Int. Symp. Ind. Electron., 2007,
pp. 2392–2396.

5. Ismail M.S., Moghavvemi M., Mahlia T.M.I.
Characterization of PV panel and global optimization of its model
parameters using genetic algorithm. – Energy Conversion and
Management, 2013, 73, pp. 10–25.

20 A No vel Met hod to Ex t ract Sin g le-Di o de PV Pa ra me ters «ЭЛЕК Т РИ ЧЕ СТ ВО» № 2/2021

Power, W

Calculated
Measured

Voltage, V

2G=1000 W/m

2800 W/m

2600 W/m

2400 W/m

0

20

40

60

80

5 10 15 20

Fig. 8. Voltage-Power characteristics of the shell SP75 model
(monocrystalline silicon) at different irradiation and standard
temperature

Power, W

Voltage, V

2G=1000 W/m

2800 W/m

2600 W/m

2400 W/m

Calculated
Measured200

150

100

50

0 10 20

Fig. 9.  Voltage-Power characteristics of the KC200GT model
(multi-crystal) at different irradiation and standard temperature



6. Tina G.M., Ventura C. Evaluation and validation of an
electrical model of photovoltaic module based on manufacturer
measurement.  –  Sustainability in Energy and Buildings, 2013,
vol. 22, pp. 15–24.

7. Saloux E., Teyssedou A. Explicit model of photovoltaic panels 
to determine voltages and currents at the maximum power point. –
Sol. Energy, 2011, No.1, pp.713–722.

8. El-Sayed M.I., Mohamed M.A.E.H., Osman M.H. A novel
parameter estimation of a PV model. – 2016 IEEE 43rd Photovoltaic 
Specialists Conference, 2016, pp. 3027–3032.

9. Senturk A., Eke R. A new method to simulate photovoltaic
performance of crystalline silicon photovoltaic modules based on
datasheet values. – Renewable energy, 2017, 103, pp. 58–69.

10. Mohammad H., Mokhtari H. On the comprehensive
parametrization of the photovoltaic (PV) cells and modules. – IEEE
Journal of Photovoltaics, 2017, 7.1, pp. 250–258.

[10.12.2020]

T h e  a u t h o r s :  Osman Mohamed
Hassan (Al-Azhar University, Qena, Egypt) –
Assistant of Electrical Engineering Dept., PhD
student of Peter the Great St. Petersburg State
Polytechnic University.

Refaat Ahmed (Port Said University, Port
Said, Egypt) – Assistant of Electrical
Engineering Dept.

Korovkin Nikolay V. (Peter the Great St.
Petersburg Polytechnic University,
Saint-Petersburg, Russia) – Professor of
Higher School of High Voltage Energy, Dr. Sci.
(Eng).

«ЭЛЕК Т РИ ЧЕ СТ ВО» № 2/2021 A No vel Met hod to Ex t ract Sin g le-Di o de PV Pa ra me ters 21

Элек т ри че ст во, 2021, № 2 с. 16–21 DOI:10.24160/0013-5380-2021-2-16-21
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Не мно гие про из во ди те ли фо то элек три че ских мо ду лей пре дос тав ля ют дос та точ ный на бор гра -
фи че ских за ви си мо стей, не об хо ди мый при про гно зи ро ва нии и оп ти ми за ции ра бо ты фо то элек три -
че ских сис тем. По лу че ние вольт-ам пер ных ха рак те ри стик тре бу ет точ ных ла бо ра тор ных из ме ре -
ний, что ве дет к уве ли че нию про из вод ст вен ных за трат. Кро ме того, боль шин ст во ме то дов оп ре -
де ле ния ха рак те ри стик фо то элек три че ских мо ду лей тре бу ет ите ра ци он ных под хо дов, ну ж да ет ся 
в до пол ни тель ной ин фор ма ции и мо жет эф фек тив но ис поль зо вать ся лишь спе циа ли ста ми вы со ко -
го уров ня. По этой при чи не раз ра бот чи кам фо то элек три че ских сис тем при хо дит ся вы би рать ме -
ж ду ис поль зо ва ни ем де ше вых фо то элек три че ских мо ду лей без дос та точ но го на бо ра тех ни че ских
дан ных и на деж ным про гно зи ро ва ни ем ре жи мов ра бо ты мо ду лей, воз мож ным в слу чае пре дос тав -
ле ния их про из во ди те ля ми вольт-ам пер ных ха рак те ри стик. В ста тье рас смот рен но вый ме тод
оп ре де ле ния ха рак те ри стик (па ра мет ров) 5-па ра мет ри че ской од но ди од ной мо де ли фо то эле мен та
для мо ду лей раз лич ных про из во ди те лей. Па ра мет ры оп ре де ля ют ся ми ни маль ным на бо ром тех ни че -
ских дан ных, обыч но пре дос тав ляе мых все ми про из во ди те ля ми. Пред ла гае мая про це ду ра ис поль зу -
ет точ ный и про стой ме тод, не тре бу ет ите ра ци он ных под хо дов, до пол ни тель ной ин фор ма ции и
вы со кой ква ли фи ка ции поль зо ва те лей. Ме тод ис поль зу ет эм пи ри че скую за ви си мость, по зво ляю -
щую рас счи ты вать на чаль ные зна че ния по сле до ва тель но го и шун ти рую ще го со про тив ле ний и оп ре -
де ля ет па ра мет ры од но ди од ной мо де ли, ис поль зуя ин фор ма цию, пре дос тав лен ную про из во ди те ля -
ми. Спо соб ность раз ра бо тан ной мо де ли вос про из во дить вольт-ам пер ные ха рак те ри сти ки фо то -
эле мен тов была про ве ре на пу тем срав не ния ре зуль та тов пред ло жен но го ме то да с дан ны ми из ме -
ре ний на фо то па не лях с крем ние вы ми мо ду ля ми (мо но кри стал ли че ски ми и по ли кри стал ли че ски ми) 
раз лич ных про из во ди те лей. Ме тод так же срав ни вал ся с дру ги ми ана ло гич ны ми ме то да ми. Ре зуль -
та ты ис сле до ва ний под твер жда ют на деж ность пред ло жен но го под хо да.

К л ю  ч е  в ы е  с л о  в а :  фо то элек три че ские сис те мы, ме тод оп ре де ле ния ха рак те ри стик
фо то элек три че ских мо ду лей, од но ди од ная мо де ли фо то эле мен та, вольт-ам пер ные ха рак те ри сти -
ки, тес ти ро ва ние мо де лей фо то эле мен тов, таб лич ные дан ные
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