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PSL Solar Module Physical Model

The physical model of the solar module can take into account variations of the light intensity and
ambient temperature. However, it requires many parameter inputs. Some of the parameters can
be obtained from manufacturer datasheets, while other parameters need to be obtained by trial-
and-error.

In order to make it easier for users to define parameters for a particular solar module, a utility tool
called Solar Module (physical model) is provided in the PSIM’s Utility menu. This tutorial describes
how to use this tool through examples.

The solar module physical model has the following parameters:

Number of Cells Ns: Number of solar cells in series in a solar module

Standard Light Intensity SO: Light intensity under standard test conditions, in W/m?2. This
value is normally 1000 W/m?.

Ref. Temperature Tref: Temperature under standard test conditions, in °C.

Series Resistance Rs: Series resistance of each solar cell, in Ohm.

Shunt Resistance Rsh: Shunt resistance of each solar cell, in Ohm

Short Circuit Current IscO: Short circuit current of the solar module at the reference
temperature, in A.

Saturation Current IsO: Saturation current of the diode in the model, in A

Band Energy Eg: Band energy of each solar cell, in eV.

Ideality Factor A: Ideality factor, also called emission coefficient, of the diode in
the model.

Temperature Coefficient Ct: Temperature coefficient, in A/K.

Coefficient Ks: Coefficient that defines how light intensity affects the solar
cell temperature

The solar module MSX-60 from BP Solar is used to illustrate how to use the utility tool to obtain
the model parameters. The process involves the following steps:

e Enter the information from the datasheet;
e Make an initial guess of certain parameters;
e Obtain the I-v and P-v curves, and the maximum power point. Compare with the datasheet
and experimental data for different operating conditions, and fine tune the parameters.
1. Entering Datasheet Information

The figure below shows the manufacturer datasheet image, and the region of the utility tool dialog
window related to manufacturer datasheet.

All the information required by this region, except the dv/di value at Voc, can be read directly from
the datasheet, as highlighted by the red rectangles. In the datasheet, the temperature coefficient
of the open-circuit voltage is expressed in V/°C. It needs to be converted to %/°C for the utility tool
as: -80mV/°C=-0.08/21.1 /°C =-0.38 %/°C.
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Typical Electrical Characteristics’

Manufacturer datasheet

Maximum power {Pmax) BAW BOW

Voltage @ Pmax (Vmp) 17.5V 171V

Current @ Pma:( |:||'|'||}} 3.664 154

Guaranteed minimum Pmax B2W 58W

Short-circuit current (lsc) 4.04 3.8A i Solar Module (physical model)

Open-circuit voltage (Woc) 1.3V 214V

Temperaturs coefficient of [ Menufacturér Datssheet

open-circuit voltage L =80L10)mVEG . L. Mumber of Cells Ms: %

Temperature coefficient of Maximum Power Pmax: 80 (W)

=] i I ( b |'°
short-circuit current ..} -(0.06520.01 5]":;.: C.. Voltage at Pmax: 71w
_ oy

Tempgralure coefficient of power ..., [U.ﬁtﬂ.ﬂf} WG ... T — 5@

mocr 47:2°C ... Open-Circuit Voltage Voc: 21.1 | ()

NOTES: - .

(1 These modules are tested, labeled and shipped in 12V configuration. These Short-Cireuit Current Isc: 33 (&)
data represent the performance of typical 12V modules as measured at their - .
nutpu?u:mu.i.nab. mpfa dior not includr'.'-pmn- effiect of such additional eouiy TETEREATEEIET BT i Famtead
menit as diodes and cabling. The data are based on measurements l'I'I.‘i.lJE' in Temperature Coeff. of Isc: 0.065  (%%foC or ok)
a sodar simlator at Standard Test Conditions (STC, which are: -

* illumination of 1 EW/m? (1 sun) at spectral distribution of AM 1.5; Standard Test Conditions:

= cell temperature of 25°C or as otherwise specified (on curves). Light Intensity S0: 1000 W j{m*m)
Operating characterisiics in sunbight may differ sightly. To determine the

charactenistics of modules in @V configuration, divide the 12V voltage char- Temperature Tref: 25 {oQ)
acteristics by 2 and multiply current © teristics by 2. Power values are ) p

unchanged. dv/di (slope) a_t Voc; -0.68  (W/A)

{2) Under most climatic conditions, the cells in a module operie hotier than (if available)
the ambient temperatere. NOCT (Nominal Operating Cell Temperature) is
an indicator of this temperature differential, and is the cell temperature —Madel Parameters {defined)
under Standard Operating Conditions: ambient temperature of 2000, solar
irradtiation of 0.8 KW/m”, and wind speed of | ms. Band Energy Eg: 112 (eV)

o Ideality Factor A: 1.2
a0 MSX-60 -V Characteristics Shunt Resistance Rsh: 1000 {Ohm)
h — Coefficient Ks: 0
a5+
—Model Parameters (calculated)
oy Calculate Parameters |
= a5l T=75C .
= - T= 50°C Series Resistance Rs: 0.008  (Ohm)
£ 20+ T=2%°C 1|| 1\' -\"
H T= IFG - Short Circuit Current IscO: 3.80 (&)
RS Saturation Current Is0: 2.16e-3  (A)
10+ Temperature Coefficient Ct: 0,00247  {AfK)
0s
Memmal 177
e+
0o 2 4 i B0 42 14 46 18 0 2 M
Voltage (V)

The value “dv/di (slope) at Voc” refers to the dv/di slope at the open-circuit voltage Voc of 21.1V.
From the datasheet I-V characteristics, by reading the values from the graph (marked in red dotted
lines), we can calculate approximately the slope as:

dv_AV _034_ ges
di Al 0.5

If the I-V curve is not available on the datasheet, leave the dv/di value at O.

2. Estimating Parameter Values Eg, A, Rsh, and Ks

These four parameters are normally not provided on the datasheet, and one needs to come up
with a good initial guess, or obtain them from manufacturers: band energy Eg, ideality factor A,
shunt resistance Rsh, and coefficient Ks.
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A good initial guess of the band energy Eg is around 1.12 eV for crystalline silicon, and around 2 eV
for amorphous silicon.

A good initial guess of the ideality factor A is around 2 for crystalline silicon, and is less than 2 for
amorphous silicon.

A good initial guess of the shunt resistance Rsh is several thousand Ohm.
If unknown, the initial value of the coefficient Ks can be set to 0.

In this example, we set:

Eg=1.12
A=12
Rsh = 1000
Ks=0.

3. Calculating Parameter Values Rs, Isc0, Is0, and Ct

Based on the datasheet information and the initial guess of Eg, A, Rsh, and Ks, the rest of the
parameters (series resistance Rs, short circuit current IscO, saturation current IsO, and temperature
coefficient Ct) can be calculated by clicking on the Calculate Parameters button. The following
values will be obtained:

Rs =0.0108
IscO=3.8
IsO = 2.16e-8
Ct =0.00247
Note that the calculation is approximate, and provides only the base values. Users should feel free

to adjust these parameters to fit the calculated |-V curve to the datasheet curve or the
experimental results.

4. Fine Tuning the Parameters

Under give operating conditions of the light intensity S and the ambient temperature Ta, one can
obtain the |-V and P-V curves by clicking on the Calculate I-V Curve button. The calculated
maximum power point will also be calculated.

If we define S = 1000 W/m? and Ta = 25 °C, we can obtain the maximum power point as: Pmax =
59.27 W, Vmax = 16.73 V, and Imax = 3.54 A. Both the maximum power and the voltage at the
maximum power are lower than the datasheet values of 60 W and 17.1 V. One should adjust the
parameters Eg, A, Rsh, Ks, Rs, Is0, and Ct to obtain a better fit.

In this example, if we change the series resistance Rs to 0.008 Ohm, the calculated maximum
power point is: Pmax = 60.54 W, Vmax = 17.04V, and Imax = 3.55 A, which is closer to the
datasheet values.

The final parameter values and the I-V and P-V curves are shown below.
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i Solar Module (physical model) M=
Manufacturer Datasheet 1(A)
Mumber of Cells Ns: 36 4
Maximum Power Prmax: Iislj W)
Voltage at Pmax: 171 (W) 3
CurrentatPmax: | 3.5 (A) 2
Open-Circuit Voltage Voc: 2L1 W) ’
Shart-Circuit Current Isc: 3.8 (A) 1 '
Temperature Coeff. of Voc: 0,38 (%%foC or ok) i} :
Temperature Coeff, of Isc IW (%efoC or oK) E
Standard Test Conditions: -1 .
light Intensity 50: | 1000 W/(m=m) 0 10 20
Temperature Tref; 25 (oC) v
dv/di (slope) at Voc: Iﬁ (vfa) )
(if available) P{W
Model Parameters (defined) 80
Band Energy Eg: .12 (ev)
Ideality Factor A: 1.2 &l
shunt Resistance Rsh: | 1000 (Ohm) 40
Coeffident Ks: 0 20 :
Model Parameters (calculated) 0 E
Caloulate Parameters '
Series Resistance Rs: IW (Ohm) -20 .
Short Circuit CurrentIsc: | 3.80 (&) a 10 20
Saturation CurrentIsO: | 21688 (a) v
Temperature Coefficient Ct: W (A = =
) = FELT PO%‘WEMEUEE}}I Save... | Calculate I-V Curve |
Operating Conditions T 60.53 (W)
Light Intensity 5: 1000 W{m*m) e T 17.04 W Load... | Copy PSIM Parameters |
Ambient Temperature Ta: Iil‘s (oC) o ,ﬁ ® Close

Many iterations and trial-and-error may be needed to obtain a good fit to the datasheet or
experimental data. After the parameters are finalized, click on the Copy PSIM Parameters button
to copy the model parameters to the PSIM schematic.

To save the datasheet and parameter values to a text file to later use, click on the Save button,
and save it to a file (for example “Solarex MSX-60.txt”). To load the data of a specific solar module
back, click on the Load button.

5. Multiple Modules in Series

Often several identical solar modules are connected in series to form a solar array. One can use a
solar module block to model the solar array.

The figure below shows 2 solar modules Solarex MSX-60 connected in series, and a combined
block that models 2 modules. The model parameters of the combined block are the same as for a
single solar module, except that the number of cells Ns is 2 times of the single solar module value.

Note that when multiple modules are connected in series, a bypass diode is needed across each
module if the light intensity and ambient temperature inputs are different. Also, a very small
capacitor (in this case 30 nF) is needed across each module for numerical convergence.
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2 modules in series A combined block

representing 2 modules in
B J_ij_f_H
‘ . 0
1

1000

T

30n
ﬁ) 25
1 _ =l
N
Solar Module (physical model) Solar Module (physical model)
Parameters IOH‘ler Info | Color | Parameters |Oﬁ1er Info I Color I
Solar madule (physical model) Solar module {physical model)
Display Display

Mame ISCP}'— r Name ISCPS— Il
Mumber of Cells Ns [ 36 ]I_ | Number of Cells Ns |l36"2 r]' |
Standard Light Intensity 50 | 1000 I = Standard Light Intensity S0 I 1000

Ref. Temperature Tref |25— =l Ref, Temperature Tref IES— =l
Series Resistance Rs IDDDS— = Series Resistance Rs IDDDB— =l
Shunt Resistance Rsh |1DDD— =l Shunt Resistance Rsh IIDDD— =l
Shart Circuit Current Isco I?.S— =l Shart Circuit Current Isc0 |38— =
Saturation Current Is0 W = Saturation Current Is0 Ir [
Band Energy Eg |112— =l Band Energy Eg I— =
Ideality Factor A |12— =l Ideality Factor A l— =l
Temperature Coefficient Ct IDDDZ‘—1— =l Temperature Coefficient Ct IDDDE—‘l— =l
Coeffident Ks ID— =l Coefficient Ks I— =

To plot the |-V curve of the combined block, change the following quantities from the single
module value:

Number of Cells Ns * 2
Maximum Power Pmax * 2
Voltage at Pmax * 2
Open-Circuit Voltage Voc * 2
dv/di (slope) at Voc * 2

The figure below shows the solar module utility tool dialog for a single module and a combined
block. The parameter inputs in the red boxes highlight the differences.
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Data of one single solar module

" Solar Module (physical model)

Data of the combined block

! Solar Module (physical model)

(|[=!

)

Manufacturer Datasheet Manufacturer Datasheet 0
Number of Cels N 3% Number of Cells Ns: 7
o | ow 4 — 3
Maximum Power Pmax: 80|y Maximum Power Pmax: 120 | )
Voltage atPmax: 17.1 J{v) 3 Voltage at Pmax: 342 )0 3
Current at Fmax: 35 @) 5 Current at Pmax: 35 (A) 2
open-crut volage vocs (201 ) Open-Craut elage Vo (|22 ]
Short-Circuit Current Tsc: 55 (@) ! \ Short-Circuit Current Isc: 38 (A) ! \
Temperature Coeff. of Voc: 0.33 | (34/oC or oK) 0 Temperature Cosff, of Voc: 0.35 (%foC or oK) o
Temperature Coeff. of Isc: 0.065  (%a/oC or ok) 1 Temperature Coeff. of Isc: 0.065  {%foC or oK}
Standard Test Conditions: Standard Test Conditions: .
Light Intensity 50: 1000 W/m*m) a oo 20 Light Intensity S0: 1000 Wiji(m=m) ] 0 @
Temperature Tref: 25 (oC) T Temperature Tref: 25 (o0) A
dufdi(dope) at Voo (D88 J ) duf (dope) atvoe: (136 Jwvia)
{f available) (F avaizble)
Model Parameters (defined) ) Medel Parameters (defined) 150
8and Energy Eg: 112 (V) o Band Energy Eg: 112 &)
8
Ideality Factor A: 1.2 Ideality Factor A: 12 100
Shunt Resistance Rsh: 1000 (ohm) 40 Shunt Resistance Rsh: 1000 (ohm)
Coefficient Ks: 0 2 Coeffident Ks: o = \
Model Parameters (calaulated) ) \ Made! Parameters (calcuiated) 0
Caloulate Parameters Calculate Parameters
Series Resistance Rs: 0.008 (Ohm) @ Series Resistance Rs: 0.008  (Ohm) =
Short Crcuit Current Isc0: 3.80 (@) 0 oo @ Short Circuit Current Isch: 3.0 (A) o @ “
Saturation Current Is; | 2.16e-3  (A) ' Saturation Currentlsd: | 2168 {A) v
Temperature Coefficent Ct: | 0.00247 (A/K) Temperature CoeffidentCt: | 0.00247  (AK)
Maximum Power Point (calculated) Save.. Caleulate 1-V Curve Maximum Power Point {calculated) Save... Calculate 1-V Curve
Operating Conditions Pmax: s0.54 (W) 4 l: Operating Conditions Pmax: 12107 W)
Light Intensity St 1000 W/{m®m) e 704 () Load.. Copy PSIM Parameters Light Intensity S: 1000 WWim=m) e 3408 (V) Load... Copy PSIM Parameters
Ambient Temperature Ta: 25 (aC) N ) Close Ambient Temperature Ta: 5 Q) Imax: 3.55 () Close:

6. Multiple Modules in Parallel

In other cases, several identical solar modules are connected in parallel to form a solar array. One
can use a solar module block to model the solar array.

The figure below shows 2 solar modules Solarex MSX-60 connected in parallel, and a combined
block that models 2 modules. Some of the parameters of the combined block are different as
compared to the parameters of a single solar module, as highlighted in the red boxes below.

A combined block representing 2
modules in parallel

2 modules in parallel
1000 P

14:|03DD E {_{i{_{_H ? T ) g

24

i :
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Solar Module (physical model) Solar Module (physical model)
Parameters | other Info | Color | Parameters | Other Info | Color |
Solar module (physical model) Solar module (physical model)

Display Display

Mame ISCP}'— I~ Mame ISCPS— o
Mumber of Cells Ns I'J‘a— =l Mumber of Cells Ms |3’— I =
Stendardlight Intensityso [ 1000 T =l Standard Light Intensityso [ 1000 [ =]
Ref. Temperature Tref Izs— =l Ref, Temperature Tref |2— =l
Series Resistance Rs 0.008/2

Shunt Resistance Rsh IW
Short Circuit Current Isc0 IB‘B*‘z—

Saturation Current IsD

Series Resistance Rs
Shunt Resistance Rsh
Short Circuit Current IscO

Saturation Current Is0

Band Energy Eg o Band Energy Eg r
Ideality Factor A 1.2 - Ideality Factor A 1.2 r
Temperature Coefficient Ct[ 0.0024 ]_ Temperature Coefficent Ctl 0.0024%2 q-
Coefficient Ks Jo - Coefficent Ks jo I

To plot the |-V curve of the combined block, change the following quantities from the single
module values:

Maximum Power Pmax * 2

Current at Pmax * 2

Short-Circuit Current Isc * 2

dv/di (slope) at Voc * 0.5

Series Resistance Rs * 0.5

Short Circuit Current IscO * 2

Saturation Current IsO * 2

Temperature Coefficient Ct * 2

The figure below shows the solar module utility tool dialog for a single module and a combined
block. The parameter inputs in the red boxes highlight the differences.

Data of one single solar module Data of the combined block
% Solar Module (physical model) o i Solar Module (physical model) o
[ Manufacturer Datasheet ) ~Manufacturer Datasheet @
Number of Cells Ns: 3% . Number of Cals Ne: E3 .
Manimum Pawer Fmax; | 50 Jw) Maximum Power Pmax: 20 Jw)
Voltage atPmax: 17.1 (V) 3 Voltage at Pmasx: 17,1 (V) 3
Curentatpmax: 35 | 5 Curentatpmax: (7 )& 4 \
Cpen-Ciraut Voltage Voc: 21 (V) Open Cirauit Voltage Voc: L W)
short-Creut Curent 1c: RN ) : \ Shert-Craut Curent Isc: (] 75 ) 2 \
Temperature Coeff. of Voc: 0.3 (%faCar oK) o Temperature Coeff, of Voc: T35 (%foC or ok) 0
Temperature Coeff. of Isc: 0.065 (%/0C or oK) Temperature Coeff. of Isc: 0.065  (%ioC or oK)
Standard Test Conditions: i Standsrd Test Conditions: 2
Light Intensity S0: 1000 Wf(m*m) o oo . 0 Light Intensity S0z 1000 Wf(m*m) o 0 20
FerzorETEr 5 (o0) v TerzmiETER 3 (o0) v
i dape) at voc: (08 Y B v/ (sope) atVoc: (0% Jura)
(if avaizbie) - PO (i avaizble)
~Model parameters (defired) ———————————————— 80 ~Model Parameters 150
Band Energy Eg: 112 (oY) _ Band Energy Eg: 112 (eV)
Ideality Factor A: 12 = Ideality Factor A: 12 100
Shunt Resistance Rish: 1000 (Ohm) “ Shunt Resistance Rsh: 1000 (Chm)
Coefficient Ks: o » Coefficient Ks: [ = \
~Model Parameters (calculated) —————————————— . \ ~Model Parameters (calct 0
Calculate Parameters Calculate Parameters
e e e 005 \(ohm) 2 Series Resistance Rs: 504 \(ohm) 50
Short Circuit Current Iscd: (&) o n . o Short Circuit Current Isc0: (a) 0 o . 20
Saturation Current 1s0 o Ve Saturation Current Isd: () vw
Temperature Cosfiicient Ct: (a0 - Temperature Coeficent Ct: || 0. )
PR Maxlﬂ;:‘v:;mver Pn;rélt ;a\ml\an:d) LI @ F— Max\zum P.nwer Point (caleulated) LI @
max: 12108 (W)
Light Intensity 5 1000 Wf(m*m) e 1704 (1) Load. Copy PSIM Parameters Light Intensity St 1000 Wf(m™m) Vmanx: 17.04 (V) Load... Capy PSIM Parameters
Ambient Temperature Ta: | 25 (oc) — 35 @ e Ambient TemperatreTa: | 25 (oC) me: [ 7I (A) Close
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