View metadata, citation and similar papers at core.ac.uk brought to you by i

provided by VBN

Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Experimental testing of two solar panel simulations

Ritchie, Ewen; Leban, Krisztina Monika; Raducu, George-Alin

Published in:
Scientific Bulletin of the "Politehnica” University of Timisoara, Transaction on Power Engineering

Publication date:
2008

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Ritchie, E., Leban, K. M., & Raducu, G-A. (2008). Experimental testing of two solar panel simulations. In
Scientific Bulletin of the "Politehnica” University of Timisoara, Transaction on Power Engineering "Politehnica"
University of Timisoara.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: November 28, 2020


https://core.ac.uk/display/60423186?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://vbn.aau.dk/en/publications/9b92cdc0-01a3-11de-8dc0-000ea68e967b

EXPERIMENTAL TESTING OF TWO SOLAR PANEL SIMULATIONS

Krisztina Leban

Institute of Energy Technology, Aalborg University, Pontoppidanstraede 101, Aalborg, Denmark,
krisztina_leban@yahoo.com.au

Alin Argeseanu
Polytechnic University of Timisoara, Department of MAUE, Timisoara, Romania
alin_argeseanu@yahoo.com
Ewen Ritchie
Institute of Energy Technology, Aalborg University, Pontoppidanstraeede 101, Aalborg, Denmark, aer@iet.aau.dk

Abstract.

This paper focuses on verifying two simulation models by
experimental [1]. Two models for silicon polycrystalline
photovoltaic solar cells [2], [3] were analysed. Comparison
between the Power vs. Voltage and Current vs. Voltage curves
obtained from the simulation to those obtained experimentally
was made.

The goal is to identify if a simulation model gives correct
information about the behaviour of one single solar panel for
varying temperature and irradiance. Final validation was
done by comparing experimental and simulation results. The
single panel model was integrated into array of 16 elements.
This can be used a simulation of an isolated micro grid or in a
hybrid energy system [4], [5].

By comparing simulation results from both models with
experimental results, we can conclude that model 2 is the most
reliable one.

Key words: photovoltaic, solar cells, renewable energy,
simulation, model.

1. Introduction

Solar cells are a renewable, non-polluting source of energy
that are increasingly used for hybrid (solar panels and grid) or
stand-alone applications [4], [5] and [6]. In order to have an
idea about the performance and behaviour of the solar micro-
grid, a simulation model of the photovoltaic array should de
made. For this purpose, the simulation of a single solar cell
must give accurate information of the output voltage with
respect to the inputted ambient temperature and irradiance.

To determine the characteristics of the solar cell, the power
vs. voltage (PV) and current vs. voltage (IV) curves must be
constructed. Current is measured at the output when the cell is
short-circuited [7]. From these curves the maximum power
point (MPP) can be ascertained [8].

Data sheet values specify typical PV and IV curves
obtained under standard test conditions, STC (ambient
temperature of 25 °C and irradiance of 1000 W-m™) [3].

The goal of this work is to identify if the simulation models
give correct information about the behaviour of a single solar
panel for varying temperature and irradiance. Models were
validated by comparing experimental and simulation results.
The single panel model was integrated into an array of 16
elements. As an example, this may be useful in the simulation
of an isolated micro grid or in a hybrid energy system [4], [5].

In addition to comparing simulation results with
experimental results, the implemented models were tested by
observing the response to standard test condition input values.
Both simulated models were tuned using datasheet values and
measured standard test condition values for temperature and
irradiance.

2. Photovoltaic panel models

2.1. First PV Model

The equivalent circuit of the first model proposed by Altas,
and Sharaf, [2] is presented in Figure 1.

The solar cell is modelled as a current source. I, the
photovoltaic current is proportional to the ambient irradiance
level and to the temperature of the panel. To allow for losses,
a series (R;) and parallel resistance (R,) are commonly
included in the circuit. In this model, the parallel resistance
was neglected in order to simplify the model [2], [3].

The diode, D represents the PN junction of the PV solar
cells with I, reverse saturation current of the diode [2].

loh lo

D Yo |~

Figure 1: PV Model 1 — Solar panel equivalent circuit



The output voltage of the PV panel is given by:
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The curve fitting factor, A, was adjusted so that at rated
input values of temperature and irradiance the datasheet
values of output were obtained as model outputs. The same
approach was taken to obtain the temperature and irradiance
correction coefficients. In this way, the model was tuned to
give the datasheet values at STC(equations (2) to (4)).

Correction coefficients used to adjust the voltage V. and
current I, for various values of ambient temperature and
irradiance are as follows:

e Temperature correction factors for voltage and
current respectively:

Cry =14B(Tc—T,) @
CTI:1+;_TBT(TC_TX) 3)
C

e Irradiance correction factors for voltage and current

respectively:
Cov =14 (S, =S¢) @)
C51:1+Si(sx =S¢) )

C

e Applying the correction factors to I, and V. the
temperature-irradiance relationship was obtained.

ch = VcCTVCSV ©)

L = IphCTICSl (7N

where:

V. - cell output voltage - [ V |

A- curve fitting factor [ - |

k - Boltzmann constant [J/K]

e - electron charge [C]

T¢- STC temperature [ K |

Tx- ambient temperature [ K ]

S¢- STC irradiance [W/m” |

S,- variable irradiance [W/m” |

lon- photocurrent [A]

lo- reverse saturation current of the diode [A]
R - series resistance of one cell [Q]

C+v - temperature voltage correction factor [-]

Cq, - temperature current correction factor [-]

Csy - irradiance voltage correction factor [-]

Cg - irradiance current correction factor [-]

B - correction coefficient [1/K]

¥t - correction coefficient [W/Km? ]

o, - slope of change in the cell operating temperature due to
a change in the solar irradiation level [Km? /W]

2.2. Second PV Model

The second model to be studied, proposed by Sera,
Teodorescu, and Rodriguez, [3], requires active compensation
(at every moment) of Ry, V, and I, ((10) to (19)) as functions
of temperature and irradiance. The equivalent circuit for this
model is that of Figure 1. In [3] the effect of the shunt resistor
was considered, but in order to obtain a valid comparison
between models 1 and 2, this was not done in this paper.

e Thermal voltage for variable temperature Ty:

A, kT n
Vt= DeXC (8)

e Diode ideality factor:
©)]
B (Impp B Isc )Vmpp
€

A, =

e Series resistance calculation using datasheet values:

s | V
mep_ln (mmpsc} I*mpp_Isc ) = +\/oc
I, Loy (10)
Impp

R, =

e  Open circuit voltage :

vV, = ln[IIiJ V, (11)

(4]

e Temperature dependence of voltage:

VocT = Voc + kv(Tx - Tc) (12)
e  The short-circuit current and photo-current
were considered to be proportional to the
value of irradiation.
IscG = Isc S X
(13)
Ith = Iph S X
e Dark saturation current:
-1
— scT
IO - Voc IocTRs (14)
—e +e 't —0.001



e The output voltage of the PV panel, compensated for
irradiance and temperature :
Voe
&

LR, +In| - Ixe[\\/;‘c] - Ixe[lﬁ‘{s) .

(15)

The influence of irradiance is modelled indirectly by
(14) and (17) introduced into (16).

Ix = IscTSx (16)

Equations were implemented in MATLAB script language.

Vmpp-voltage at the Maximum Power Point (MPP) in STC
V¢ - open-circuit voltage in STC [ V]

VT - Open circuit voltage as a function of temperature [V]
V¢ - junction thermal voltage [V]

V - PV voltage (with T and S) [V ]

Iimpp - current at the MPP in STC [ A]

ls. - short-circuit current in STC [A ]

I, - dark saturation current [A ]

I, - PV current (with T and S) [A]

I - cell output current [A]

loe - short-circuit current as a function of temperature [A]
Ap - diode ideality factor [-]

N - number of panels in the array [-]

Ns - number of cells in the panel connected in series [-]

ki - temperature coefficient of the short-circuit current [-]
ky - temperature coefficient of the open-circuit voltage [-]

3. PV simulation

Models 1 and 2 were implemented and simulated in
MATLAB-Simulink.[9] ,[10]. An array of 16 cells was
studied using the two models. Results from the two
simulations were compared to each other and to experimental
measurements.
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Figure 2: PV Model — Simulation System Block

Inputs and outputs (Figure 2) to the two models were the
same:

One Pannel Vaoltage

a current ramp I, (varying from zero to the data sheet
short circuit to simulate the varying current of the
panel)

5. Ti-the variable ambient temperature

6. S,- the variable irradiance

7. single panel and array output voltage.

Care was taken to avoid windup effects caused by the I,
ramp signal block [10].

Simulation results from the first model are presented in
Figures 3 a and 3 b. STC curves are displayed using thicker
lines. Various temperature and irradiance values were
applied.

The same approach was taken to model 2. The results can
be viewed in Figures 4, 5 and 6.

It may be observed, that with rising temperature, the output
voltage of the panel, and implicitly the output power,
decreases. The value of the current is not greatly affected by
changes of temperature.

Irradiance lower than STC irradiance causes the output
voltage, current and power to fall.

4. Experiments

4.1 Experimental layout

Experiments were carried out on two arrays of eight
polycrystalline solar panels connected in series ( Figures 5
and 7).

Five sets of measurements were made at 20 minutes
intervals. The results are presented in Figures 8 and 9.

For measurements a model PVPM 1000C meter and a
PVPM _LST1000 protection switch were used. With this
device the photovoltaic voltage, current and power may be
measured.
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Figure 7: Experimental Arrangement
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Figure 4: PV Model 2 — One cell PV and IV simulated curves at variable temperature (a) and irradiance (b)
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Figure 5: PV Model 2 — Series connection-simulation
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Figure 6: PV Model 2 — Series array simulation curves at variable temperature (a) and irradiance (b)



4.2 Experimental results
Measured PV and IV curves were recorded at 19.5°C
and 695 W/ecm® are presented in Figure 8. In Figure 9
experimental IV curves for ambient temperatures between
25.2 and 28 °C and for irradiance between 635 and 693
W/cm? are shown.
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Figure 9: Temperature and irradiance variation curves (experimental results)




5. Discussion of results

Since temperature curves given by both models are
similar in shape, the irradiance curves must be studied
in detail. The information needed from the simulation
is the voltage variation with irradiance.

As may be seen from Figure 9, the shapes of the
curves prove that model 1 does not output valid
information at variable ambient irradiance (Figure 3).
Reason for this lies in the compensation method used
in [2]. Also correction coefficients a1, B and yr could
not be assigned precise values due to their empiric
origins.

Actively compensating equivalent circuit parameters
of model 2 make a more reliable output than model 1.

In the time that the test where carried out (~2 hours),
ambient temperature remained approximately constant,
irradiance however varied so curves from Figure 8 can
be considered irradiance curves. Variation of panel
voltage was under 10V. This fact was reflected by
model 2, but not by model 1.

I. CONCLUSIONS

By comparing simulation results from both models
with experimental results we can conclude that model 2
is the most reliable one. Model 1 has a correct varying
input  temperature  response, but irradiation
dependences could not be correctly set. In the preferred
model, active compensation of parameters has made
the simulation less susceptible for errors.
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