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Abstract: This paper present a study of the photovoltaic generator (PVG) performance. It basing on comparison
between characterizations obtained in real time test and simulated ones using mathematical models. This study is
evaluated by the design of a semi-virtual laboratory, which is composed on a hardware support based on the
developed data acquisition system in real operating conditions and a software support based on mathematical
models descriptions. T his laboratory permits to identify PVG parameters using correlation between
measurements and simulated characteristics.
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1. Introduction

PVG or PV modules in general are formed by aco mbination of parallel and series
connections of solar cells. The electrical characteristics of PV modules are rated at standard
irradiance and temperature conditions. The standard conditions are AM1.5 spectrum, 1000
W/m2 at 25°C cell temperature, for terrestrial applications, whereas for the extraterrestrial
standard conditions it is AMO (1353 W/m2) at 25°C[1]. Therefore the user knows only the
electrical parameters nominal values of the PV module, which may be different from the
values during the operating conditions. The variation of the characteristics from one set of
conditions to another is a problem faced by designers and users, who want to know the
outputs of a PV installation in real conditions rather than those given by the manufacturer in
standard conditions [2]. Several environmental factors act to influence the performance of
photovoltaic devices such as the temperature, the solar angle of incidence, the total irradiance
level, the irradiance spectrum and optical effects due to shading. Numerous performance
analysis studies have been carried out to assess the magnitudes of these effects, yet there is
still some debate about the relative importance of each factor. Due to strong correlations
between each environmental driver, their separation for quantification has proved a major
challenge that has not yet been met conclusively [3]. Figure 1 represents the block diagram of
the semi-virtual laboratory design.

2. PVG model description

There are several description models for PVG. Some themes are analytical models; the other
ones are empirical and semi-empirical model. In this context we present two PVG model
descriptions. The first one is an analytical model basing on one-diode model and the second
one i1s an empirical model which is developed by Sandia Laboratory.

2.1. One-diode PVG model
One-diode model of PVG is presented as an electrical circuit as showing the figure 2.
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Fig.1: Semi-virtual laboratory design for PVG characterization performance.
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Fig. 2: one-diode equivalent circuit model.

At a fixed temperature and solar irradiation, the I-V curve of this circuit is given by equation:

I =1 -1 GXPW_I_\WB
G MG S n nKkT R

Sh,G (1)

The parameters for this model, described elsewhere [4], can be found by either numerical or
analytical methods. It has been shown that the circuit parameters I,n, R, R, I and the diode
ideality factor ‘n’ at a particular temperature and irradiation can be computed from the V.,
Ise, Vi, Im, Rso and Ry, values measured from the I-V characteristic. Several researchers
have either investigated or developed numerical algorithms to determine the solar cells
parameters by fitting measured I-V curves [5]. The difficulty to obtain the PV parameters,
from the measured I-V curves, resides in the implementation of complex computer algorithms
since the estimation of these parameters, somehow, are restricted to specific research
laboratories as those studying fundamental physics device. However, analytical methods can
be used as a design tool to derive the parameters from the basic data given by PV module
manufacturers, or other readily available data. Under Simulink we present this model as
following
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Fig.3: One-diode PVG model simulation under Simulink.
2.2.  SNL model description

SNL (Sandia National Laboratory) performance model is an empirically based method. It
achieves its versatility and accuracy from the fact that individual equations used in the model
are derived from individual solar cell characteristics. The versatility and accuracy of the
model has been demonstrated for different photovoltaic and concentrator modules, as well as
for large arrays of modules. This model takes account of electrical, thermal, solar spectral and
optical effects for photovoltaic modules [6]. The performance modeling approach has been
well validated through extensive outdoor module testing, and through inter-comparison
studies with other laboratories and testing organizations [7]. Recently, the performance model
has also demonstrated its value during the experimental performance optimization of off-grid
photovoltaic systems [8]. The following equations define the model used by the Solar
Technologies Department at Sandia for the analysis and the modelling of the photovoltaic
modules performances. The equations describe the electrical performances for individual
photovoltaic cells, modules, and arrays. The solar resource and weather data required by the
model can be obtained from tabulated databases [9] or from direct measurements.

IAEJ@AMNAOD:(Eﬂﬁ(AMJixAOUﬂ+amfﬂ—Rﬂ

Ee=1(E,T,=T,,AM_,AOI/I_, (2)
Vo (B, T) =V, +C.In(E) + B,_.(T,-T
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V,, (E..T.) =V, +C..In(E,) + C,{In(E))f + B, (T.-T,)

1, (E.T)=C,+EelC, +a,_(T.-T)]
P =1V,
FF = Prnp /(Isc‘voc)

The following figure represents Simulink simulation of this model.
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Fig.4: Sandia PVG model simulation under Simulink.
3. Hardware design and development of a real-time PVG characterizer

The Hardware part is based on a development of a data acquisition system for real time PVG
characterization. T he data acquisition system (DAQS) is an important part of the
experimental setup. A good experiment can be completely ruined if the data is not collected
with the necessary precision and repetition. Figure 5, s hows the block diagram of the
developed system. The DAQS is linked to a graphical user interface. The developed hardware
parts basic element is the electronic load [10]. This electronic load can characterize an array
of one or two solar modules connected in serial or in parallel, protected with a by-pass diode.
Figure 5 show the block diagram of the developed hardware PVG testing unit.
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Fig.5: Block diagram of PVG testing unit.

4. Software design

The software has been developed using Object-Oriented Programming (O.O.P) under
windows. This software based on the development of a three principal programs (figure 6).
The first one to estimate irradiation on PVG captor, the second to extract PVG parameters
from manufactures data sheet and from other temperature and irradiation inputs and the third
one we permits to identify PVG parameters using correlation between measured and estimate
characteristics.
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Fig. 6: software design.
4.1. Estimated irradiation program

In this context the developed software is based ona specific algorithm for irradiation
simulation [11]. Figure 7 represent the input data window of the developed software for the
daily and annual estimation irradiation for different locations. In the present window, sites are
identified by the geographical location (latitude, longitude and altitude). With this program,
we simulate global horizontal and inclined irradiation. The Albedo represents the diffusion
coefficient. Its value belongs to [0.1, 0.9]. The user introduces the year day number and the
angle of incidence (AOI) of the irradiation on the module. This software has a data base of
different sites in the word. The user can introduce other sites, not configured in the data base,
by introducing its geographical location. He, then, can estimate the global and inclined, daily
and annual irradiation of the introduced site. The daily sunshine duration is also calculated
when the user start execution of daily irradiation simulation.
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Fig. 7: (a) Inputs data (latitude, longitude and altitude) window for daily and yearly irradiation
simulation for sites characterization, (b) Measured and estimated irradiation comparison results.

4.2. Developed software for PVG Parameter extraction

Figure 8 s hows the input/output data window for the PVG characterisation under STC
conditions and under measured irradiation and temperature conditions. This software disposes
of au ser-friendly PV modules database for different manufacturers. Using one-diode
description model for PV module, this program can identifying the five parameters models:
ideal factor, serial resistance, shunt resistance, saturation current and photocurrent. The
modules in the database are identified by the manufacturer reference and by their STC
condition characteristics: Isc, Voc, Im, Vm and Pm. Besides, thru this software, we can add in
the database other commercial modules and carry out their characterization, figure 8.
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Fig.8: PVG parameter extraction from manufacture data in STC and from authors temperature and
irradiation values.

4.3. PVG parameter identification platform using correlation with measured
characteristics

After developing the data acquisition system for PVG characteristics measurements, we are

very interested by the developing of software which permits the identification of PVG

parameters in correlation with the measurements characteristics. The identification algorithm

is based on the calculation of the correlation factor named “R*” between measurements and

simulated characteristics. This coefficient is given by the equation number (3).

R2 ZI_Z(Xexp_ﬁ)z 3)
Z(X exp xexr’ )2

The following figure shows this software. This software permits also the identification of the
current and voltage coefficients of temperature.

Fig.9: Software of PVG parameters identification using correlation between measurement and
simulated characteristics.
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5. Example for commercial PVG characterization

This example is study the PV commercial module “TESOOCR+”. It is multi-crystalline
technology [12]. The following figure, shows the I-V and P-V characteristics for the SNL,
one diode model and experimental measurement at T = 20°C, [r=820W/m” and Ws= 3.5 m/s.

Table 2: Results of TE 500 CR+ module characterization

Manufactures results Isc(A) Voc (V) Pm (W) Im (A) Vm (V)
(ST sodiions) 3,50 21.70 55 3.10 17,50
Real Model Isc | Ey Voc | Evec Pm | Ep, |Im |Ey | Vm Evm
Meteorological used (%) (%) (%) (%) (%)
data measurement
Measured 3.406 19.463 46.64 2.88 14.78
T=20°C results
[=820W/m> Measured results/ One diode model prediction 0,69
Ws= 3.5 m/s Measured results/ Sandia model approximation | 0.63
RMSE prediction
Manufactures results (STC conditions) 0.72
Measured results 0.64
FF One diode model prediction 0.70
Sandia approximation model prediction 0.67
One-diode PVG model parameters identification
TE 500CR+ | Model parameters identification using Model parameters extracted using
module correlation with measured values with R*= 0,98 | manufactures data
Lon (A) | To(A) R«(Q) | Ry () n Lon(4 Lo(A) Ri(Q) | Ry(©) [ n
3.10 2e-14 1,3 30 0.66 3.51] 1.2e-12 ] 0.78 215,23 | 0.82
] R S
T e — as| ——— Sandia approximation model
z ] 3
E o 3 mimienmeia I
&3 N Sandia appracimation model =
Volta:e (W ' - ) VDTtage(V) "

Fig.10: I-V and P-V TE500CR+ module characteristics comparison between Sandia approximations,
One-diode estimated model and experimental results.

6. Conclusion

This work described the functioning of the designed semi-virtual laboratory for PVG
performance characterization methodology. This laboratory based on the comparison between
the predicted models results and experimental ones. I-V and P-V, characteristics are obtained
and compared, in one hand. In the other hand the PVG parameters are obtained using predict
models and experimental results for real and estimated meteorological data. The present
example for measurement and modeling applied for the TESOOCR+ modules can be used for
characterized different PV commercial modules. The final objectives is to duplicated this
results and choose modules gives good response when they are introducing in the PV
installation and gives either a best installation dimensioning. In perspectives of this research is
to introduce other PVG models in this semi-virtual laboratory and its compared with the
studied ones
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