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Modeling of Solar Cells Utilizing PSpice and M atlab-Simulink in the
Classroom

Abstract:-This paper discusses the educational benefitslaing the mathematical models of Solar Cells im a
electrical power systems curriculum. The matherahtivodel of Solar Cells and their simulation arecdssed
by using Pspice and Matlab-Simulink software. Ftbemodel we can define the relationship betwegreat
and voltage, the affect of temperature, irradia(smar insolation), series resistance, and shusistence.
Photovoltaic power can be generated for residerd@hmercial and industrial usage in the form of pgver
and usually it is inverted to AC power via poweeattonics. These simulations can be used for tegchi
purposes. The code is provided to the studenthaatiey can focus on the results. We believetthatpaper
discusses solar cells in the context of teaching.

The impact of utilizing Pspice and Matlab-Simuliok student learning is assessed by implementingduyire
& post evaluation tools.

The electric power industry will require an estigthfl1,000 power engineers by the year 2014. Agdafyt
there are about 500 college degrees granted inrpawvggneering. Thus, schools are quickly falliredimd in
the ability to output the appropriate amount of Bo®ngineers into the workforce. Typically, a Powe
Engineer has a sub-specialty, such as renewabtgyet@owledge of solar generation, mainly, creategell-
rounded Power Engineer who is more marketable mugiginand by the utility industry and by other
Engineering groups.

Introduction:-It is predicted that by the year 2050 emissionSOR will double [2]. Thus, low carbon emission
technologies for generation of electricity will begreat importance. One of those technologieslar panels.
The G8 in 2008 mandated to the International Enémggncy (IEA) to develop a road map for the most
important technologies focusing on “technology” elepment and dissemination worldwide. Since PV
(Photovoltaic) energy is viewed as one of the asaitechnologies and the abundance of solar efergy
everywhere, the IEA has created a roadmap fortélsisnology. Use of PV or solar energy has beereasing
at a rate of 40% annually worldwide since year 2[2)0so, by the year 2050 it is proposed to geteetd % of
the world power using solar energy or 4500 TWh/{8800GW) and will have a reduction of 2.3 gigatesin
(Gt) of CO2/year. This is a very ambitious godatthery likely will not be achieved, but, gettinipse to it will
be a major success in terms of clean energy anenvieonment. It is also predicted that by the y&@20 we
will achieve a cost balance between PV and the pgwe.

Solar energy is the most abundant source of en&ugffice to say that one hour of solar energy khigtthe
surface of the planet is equivalent to an entier pé electric energy consumed by the entire wdrltere are
three main solar technologies available, theseR¥edirect conversion of sunlight, CSP- concentiaelar
power, SHC- Thermal collectors for heating and caplin 2008, 0.1% of the global generation of &leity
was produced by PV.
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PV-cell-The PV cell is a semiconductor device. Severak@a# interconnected in series or parallel or serie
parallel configuration, depending on the applicaémd the manufacturers. These interconnectioms or
module (panel) usually rated between 50 to 200 Wés€& modules can be interconnected to create gJt&hs
or plant reaching outputs in the KW and even MW,

PV cells can be made of crystalline Silicon (c&iyl thin films. Also there is a new technology ealCPV-
concentrated photovoltaic. The c-Si has about 8099% of the PV market globally. Thin films havsoat
10% of the global market and these films can beamddamorphous (a-Si) and micromorph silicon (qu&i
Si) Cadmiun Telluriode (CdTe), Cooper indium Disedie (CIS) and Copper Indium Gallium Diselenide
(CIGS) [2].

PV-cell conversion efficiency-1t is defined as the ratio between electrical poawgput and the incident solar
energy/sec. Thus the efficiencies of some PV teldgmes are described in the table below [2]. Thetzof PV
are measured in dollars/watt.

Wafer based c-Si Thin Films
sc-Si mc-Si a-Si; a-Si/pc-Si CdTe CIS/CIGS
14%-20% 13%-15% 6%-9% 9%-11% 10%-12%

Why simulation in Pspice?-Teaching of electrical engineering (EE) includesidation of electrical and
electronic circuits. Pspice has become the standdugtrial simulator and consequently it has beedine
standard in most of the EE programs in the UnitiedeS. There are several other simulators thaj@ite good
but not as complete, easy to learn and with adezeo as Pspice. The free version has all the eatfrthe
professional version, except for the number of sdtlat can be utilized. One of the major advantagdsis
simulator is its library. Most semiconductor dewicanalog and digital components are modeled by the
manufactures in a way that they can be includetarPspice library.

Why simulation in Matlab?-Matlab has become the “mathematical” tool for detian in all areas of
engineering. EE and ME rely heavily in this toolislvery powerful, especially when a toolbox isluded.
There are several other software vendors that bablag cell simulations which are utilized in indyssuch as
ETAP and PSCAD.

Solar cell model-The solar model that is studied and analyzedasvahin fig. 1. It is quite a simple circuit and
easy to model. The modeling results are accuratetarefore they validate the goodness of the model
Semiconductor technology analysis is kept to amim since the purpose of this paper is to demdestra
simple, yet effective way to teach the modelingalr cells using Pspice and Matlab.

N ’
N

Fig. 1 Solar Cell equivalent circuit
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The circuit in fig. 1 has a current source thahiparallel with a diode. It is necessary to intiéctnat the output
of the current source is directly proportionallie photocurrentl,,” (exposure to light, “irradiance”). The

internal losses in the circuit are represented f@ssstor,"Rs" and the leakage current to ground is represented

by "Ig;," which can be neglected for the sake of simpliaitg with very little compromising the accuracy o t
model.

The output current of the solar cdlljs the difference of the solar cell short circwitrent and the diode

current, assuming that the leakage current is gibigi, I, = 0, the current at the diode can be obtained by
utilizing the followingequation

|4

I, =1, {eﬁ — 1} (1)

Where"V;" is the thermal potential and it is equaﬁf()and “K” is the BOLTZMAN constant, “q” is the chagg
of an electron and “T” if C is temperature, antl" is the applied voltage.

I=1,—-1p 2)
v
I=1,—1, {eVT - 1} 3)
The open circuit voltage occurs wher- 0 and therefore we obtain the following equations:
I = ozlsc—lo{e%c—1}
Solving forV,,. yields:

Voo = Vrin{1 + ITO} (4)

Irradiance, G, is measured—yE’q and indicates the amount of solar energy on aseythus if we lek, = A/,
where “A” is the area of the surface dfg." is the short circuit current density, then :

Alsc

irr = G 5)

Pspice-The Pspice model of equation 5 is obtained from Eig

== G_IRRAD

D 100 100

Fig. 2 Model used for irradiance

Equation 5 indicates that the short circuit curisrgroportional to the irradiance. In Pspice a \B3€rcuit is
used to model this effect. Fig. 3 shows the Pspiodel utilized.
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Fig. 3 Pspice Irradiance model

We use a dummy parameter in the code, becausesdthimodel is a sub circuit that will be attachedatcircuit
and then the required values of the parameterdwiihcluded. The code for equation 5 is as follows

Code, Netlist code for Sub-Circuit

*cell. lib
.subckt cell 100 101 102 params:. area=1,j0=1,jsc=1

girrad 100 101 value={(jsc/1000)* v(102)* area}
d1 101 100 diode

.model diode d(is={j0*area})
.ends cell

Let the diameter of the solar celldm, j,. = 30 mA/cm?, j, = 1+ 10711 A/cm?. Observe that, = 4/,
The code for the first simulation is as follows:

Code: Netlist Main Code

*|rradiance.cir

.include cell.lib

xcell 031 32 cell params: area=156.25 j0=1e-11 +jsc=0.0343
vbias310dcO

.param irradiance=1

virrad 32 0 dc {irradiance}

.step param irradiance list 200 400 600 800 1000

.plot dc i(vbias)

.probe

.dc vbias00.6 0.01
.end
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Pspice Output:

Isc
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Fig. 4 I-V Curves at different Irradiance
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Fig. 5 Power curves at different irradiance

Observe that each curve corresponds to a diffémagiiance. So for an irradiance of 1000 Whwe get
approximately 2.5 W maximum output (ApproximatelA3imes 0.5 V); therefore from the output we can
calculate for a given irradiance the MPPT (MaximBower Point Tracking) which is calculated as fosow
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MPPT = VipaxImax (6)

Also from the output we can determine another stadircharacteristic, which is the “fill factor” dicating the
guality of the solar cell. This can be calculatedalows:

FF — Vmaxlmax (7)
VOCIOC

Matlab-In this case we use Matlab-Simulink as our simataioftware. The solar cell model, similar to tine o
simulated in Pspice, is described in Fig. 6. Theesponding Simulink circuit is shown in Fig. 7.

32 102 101 31
== G_IRRAD
+
+
) Virrad Vbias )
100 100 5
: 4 —{1—

Fig. 6 Solar Cell Model
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Fig. 7 Simulink block diagram of a solar cell
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Fig. 8 Simulik I-V output
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Fig. 9 Simulink Power output

Observe the striking similarity and the absencanyf significant error between Fig.4 and Fig. 8 hativeen
Fig. 5 and Fig 9. As a reference, the table belloows a typical data sheet for a solar cell. Theseification
sheets can be obtained from manufacturers.

Table 1
SOLAREX MSX 60
Characteristics Specification
Typical Peak Power (Pp) 60 W

Voltage @ Peak Power (Vpp) 171V

Current @ Peak Power (Ipp) 35A
Open Circuit Voltage (Voc) 21.1V
Short Circuit Current (Isc) 3.8A

Temperature Coefficient of Vog  -73 mV/°C

Temperature Coefficient of Isc 3 mA/°C

NOCT 49°C

Approximate effect off -0.38 W/°C
Temperature on Power
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Assessment- lectures and simulations of solar cells will lzeéreed on during two weeks of a regular semester.

The contact hours are three and a half hours pek.vieplaining the basic principles of solar eneagy solar
cells will require a week (31/2 hours) and anothieek will be used for simulation purposes. Studernlls
already have a working knowledge of Pspice and &la8imulink.

The pre-test will be implemented at the end ofttiemretical explanations. The post-test will be lengented at
the end of the week of simulations. For pre and tesds a quiz format will be used with the samesgjons.

The comparison of pre and post tests will indi¢h&impact of simulations on learning outcomesuilltalso
identify what needs to be changed to improve thieely of the material. This process will be cadrien this
semester in week 10 and 11 of the power electr@mdsphoto-voltaic (PV) course.

Conclusions:-This paper demonstrates that the simulation bizung two different software packages is very
close with a negligible error. This paper effedwgmplifies the concept and focus on the resoiltthe
simulations. If this approach is successful, wenhto expand the material utilizing other softwpaekages,
include other topics such as the connection ofrsiahs in series, parallel, series-parallel arraygplain and
simulate the “shadow effect” and include other g/pésolar energy conversion.
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