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APPLICATION OF TEMPERATURE DEPENDANCES OF PARAMETERS
IN A SINGLE-DIODE FIVE-PARAMETER MODEL OF SOLAR PANELS

Current economic developments promote the application of solar panels. This results
in more companies producing solar panels with quite different specifications. On the other
hand, the specifications provided by the manufacturers generally do not contain the full
information to be able to calculate the output of the solar panels in different usage
conditions. For this reason, we are in the process of building a solar panel model that allows
to calculate the output of the solar panels in different usage conditions based on the general
data provided in datasheets of commercially available panels.

Previously we provided the methodology of building a solar panel model from the
data provided in datasheets of solar panels. In this article, we refine the proposed
methodology and apply it on a solar panel BP4180T produced by BP Solar. The output of
the refined model is compared with the results of the previous model and with the datasheet
data of the solar panel of interest.

The analysis of the obtained results shows the applicability and repeatability of the
proposed model.

Keywords: solar panel modelling, PV cell, testing system, solar energy,
physical losses in solar panels.

Introduction. A solar panel can be modelled as a single-diode circuit in
parallel with a current source, where the diode is the result of the semiconductor
material of the solar cell [1-3]. For achieving results closer to real data, more
complicated models have been developed for solar panels. Among them, the most
used model for characterizing the solar panel performance is the so-called physical
loss mechanism, also known as the single-diode five-parameter model (Fig. 1).
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Fig. 1. The physical loss model of a solar panel with one diode and two resistors
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This model uses one diode and two resistors to describe the electrical losses
inside the solar panels. The series resistance represents the energy dissipated in the
form of heat in the electric circuit and the shunt resistance represents the current
that takes a shortcut to the end instead of going through the desired path. To
describe other existing defects in the solar panel such as non-uniform dipping, a
diode is included in the model.

Based on solar panel’s one diode two resistors physical loss model, the
general current-voltage characteristics of a PV panel can be written as:

v+Rg .
i=Ln—1I (em - 1> — v;::js [4]. (1)

The following characteristics are usually presented in datasheets of commercial
Solar panels: Vocste) (open circuit voltage), Iscstey (short circuit current), Pmaxsto)
(maximum power), Temperature coefficient of Isc, Temperature coefficient of Voc
and I-V (current-voltage) characteristic curves for different temperatures.

However, this information is not sufficient to estimate the expected power
output of the Solar panel for the given illumination and temperature conditions.
One needs to have the model of the Solar panel to be able to perform these
calculations.

Model Discussion. In article [4], there is a mechanism on how to obtain
solar PV model’s parameters values through datasheet data. For this purpose, the
article provides a Flowchart. Based on these principles, instead of long mathematical
calculations, we have built a computerized model in a MULTISIM environment
[5]. The new model generates outcomes identical to ones presented in [4]. We
compared the data generated by the model with the results of measurements of the
parameters of the solar panel presented in the datasheet (Fig. 2). We demonstrated
that although the simulation and measurement results are in general agreement,
there is a significant deviation between simulation and measurement results.
Hence, the output of this model does not repeat the data presented in the datasheet
of solar PV [5], which means that this model has some accuracy limitations.
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Fig. 2. Comparisons of the output of previous models [1][4] with measurement results:
a- simulation results (cross markers) compared to the results in [4] (solid lines),
b- simulation results (cross markers) compared to the measurement results from datasheet
(solid lines)[1]

To find the limitations of the model and improve it, some research has been
carried out. The thorough inspection of the model showed that in equations [2-5] the
temperature dependencies of ls, Vo, lo were taken into account, but temperature
dependences of resistors Rs, Rsn weren’t taken into account [5]:

Voc(T) = Voo + ko (T — Tsrc), 2
ki
Iie() = Ioe (14955 (7 = Tsz)) )
Voc(T)

Voc(T)—I5¢(T)Rg -

Io(T) = (I5o(T) — ZeetDleeDie) o™ v (4)
sh

Voc(T) Voo (T)

pn(T) = Io(T)e ™s"e + 0, (5)

In fact, for every material the electrical resistance has some dependence on
temperature, therefore we are suggesting that this model’s resistors should also be
encountered as being dependent on temperature [6]. With this assumption, we took
a linear dependence on temperature for the resistances in model (6):

R(T) = Rsrc(1 + a(T — Tsrc))- (6)

With the presented equation (6), a new model for BP-MSX120 solar panel
has been built [6]. To obtain I-V characteristics of the solar panels at different
temperatures we have changed the values of serial and shunt resistances according
to (6). To define the temperature coefficient a, we went through the cycles of the
algorithm/flowchart from [4] (Fig. 3) to find Rs and Rs, resistances of PV panel for
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each temperature point. In [4], the authors went through that cycle once, for only one
temperature they have found one value for Rs and one for Rsh, then they used those
values for each temperature point [4]. In contrast, we went through the steps of the

cycle for each temperature [6].

Initalize Ry Rqn, and V;

Newton-Raphson or
A4 Bisection method
PV =f(Rs, Rsn) from expression of Inp,

\ 4
New Rs | |Rsh =f(Rs,V:) from expression of dP/dV New Ry

Y l A

dP/dV@MPP = 0?

A

di/dV@ls = -1/Rsn?

\ /

Yes

\ 4
Final values for Rs,Rqn, and V;

\ 4
End

Fig. 3. A flowchart for determination of the PV panel model parameters [4]

With these steps we have obtained an average value of temperature
coefficient 0=-0,002. This value of temperature coefficient is in the range of TCR
(temperature coefficient of resistance) of silicon [7-9]:

R,—R
TCR = —2— 7
¢ Ry (Tz—Ty)' ( )

which is equal to 0.007 for pure silicon but may vary between (£0.001 — 0.008)
°C~! for semiconductors with different doping concentrations [10, 11]. For
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undoped polysilicon films the TCR is about -0.025 °C~* [12]. As a result, we
obtained the data shown in Fig. 4.
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Fig. 4. Comparisons of the “new” model [1] and the “old” model [4] with actual results
for BP-MSX120 solar panel [5]: a- simulation results (solid lines) considering temperature
dependence of serial and shunt resistances (“new” model) compared to the datasheet
values (dashed lines) of BP-MSX120 solar panels, b- simulation results (solid lines)
considering temperature independence of serial and shunt resistances (“old” model)
compared to the datasheet values (dashed lines) of BP-MSX120 solar panel

In Fig. 4a, the datasheet data (dashed lines) compared with our modeling
results (solid lines), which includes temperature dependences of serial and shunt
resistances of the model.

In Fig. 4b, the datasheet data (dashed lines) compared with the result of the
simulation (solid lines) where the temperature dependences of serial and shunt
resistances of the model are not taken into account.

The comparison of Fig. 4a and b clearly demonstrates that the model now is
significantly improved.

To evaluate the model improvement, we have calculated the root mean
square deviation (RMSD) of modeling results from datasheet values for “old” and
“new” models (Table 1).

Table 1

The calculated RMSD values of 1-V curves obtained by measurement and simulation
(BP-MSX120)

T °C Root Mean Square Deviation
' datasheet data V'S existing model datasheet data V'S introduced model
0°c 0.094 0.079
25°C 0.046 0.034
50°C 0.087 0.087
75°C 0.072 0.072
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Table 1 indicates that the introduction of new temperature dependences
improves the model accuracy and brings the output of the model closer to the
measurement results.

The comparison of the maximum power points (MPP) resulting from
measurements, from “new” model and from “old” model is presented in Table 2.

Table 2
The output power at MPP of BP-MSX120 solar panels
T °C Power at Maximum Power Point, W
' datasheet introduced model existing model

0°cC 125.4914 129.1214 134.0488
25°C 113.9456 115.1346 120.0760
50°C 103.3572 103.1626 105.5378
75°C 89.8748 89.9456 91.2999

We calculated the MPP of solar PV because it is one of the most important
parameters of Solar PV panels. It is as important as Isc and Voc. That means, if
MPP of the curves does not match with the datasheet, the results that we obtained
are not correct, even when the values of Isc and Voc match with the values of those
given by the datasheet BP-MSX120 solar panel.

Simulation and Results. To prove the consistency of the newly proposed
model, we decided to apply this model to another commercially available Solar
panel — BP Solar BP4180T.

Using the formulas of article [1], and the parameter detection algorithm
given in the same article, we have found Rs and Rsh. Then, by the method we have
proposed, the temperature dependances of series and shunt resistances obtained.

Then, we carried out the “new” and “old” model simulations for different
temperatures and plotted the corresponding 1V curves on Fig. 5 and 6.
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Fig. 5. Simulation results (solid lines) considering the temperature dependence of serial
and shunt resistances (“new” model) compared to the datasheet values (dashed lines) of
BP4180T solar panels
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Fig. 6. Simulation results (solid lines) considering the temperature independence of serial
and shunt resistances (“old” model) compared to the datasheet values (dashed lines) of

BP4180T solar panels

The comparison of Fig. 5 and Fig. 6 clearly demonstrates that the model is
improved when the temperature dependances of series and shunt resistances are
encountered. This means that the proposed model works for BP4180T solar panel

as well.

To show more accurately the data improvement, we calculated the root mean
square deviation (RMSD) for BP4180 solar panel at different temperature conditions

(0, 25, 50, 75). First, we compared the deviations between the “new’

)

model

simulation results and the datasheet data, then we compared the deviations between
the “old” model simulation results and the datasheet data (Table 3).

Table 3

The calculated RMSD values of 1-V curves obtained by measurement and simulation

(BP4180T)

Root Mean Square Deviation

0
T.7¢ datasheet data V'S existing model | datasheet data VS introduced model
0°c 0.07902 0.07759
25°C 0.08640 0.08640
50°C 0.08755 0.08752
75°C 0.09877 0.09867

Then we calculated the maximum power points for all IV curves and
compared the results with datasheet values (Table 4). As can be seen, the output of
the “new” model is closer to the datasheet data than the output generated from the

“old” model.
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Table 4
The output power at MPP of BP4180T solar panels

T oC Power at Maximum Power Point, W

’ datasheet introduced model existing model
0°c 200.3549 199.8877 199.4987
25°C 182.8636 179.2859 179.2859
50°C 166.9706 161.8130 158.8646
75°C 145.0250 144.0908 138.3472

Conclusion. In this work, we applied the proposed by us new model to
another solar panel. Following the same algorithm as in previous works, performing
calculations and modeling, we got the model output for BP4180 solar panels for
different temperatures. We compared the IV curves obtained by the new model with
the curves of the datasheet, then we compared the curves of the old model with the
curves of the datasheet. As a result, a clear improvement of the model is noticeable
when we introduce the temperature dependence of serial and shunt resistances of
the solar panel model.

Thus, it is shown that the new model proposed for the simulation of solar
panels generates results much closer to the measurements than the old model does.
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Urt49U3bL 4U2U00UYP UBY- RN 2BULS -NULUUESE UNYELE
YbLUNNRESNPULL' ZUTYDP UNULELNY, QGLUUUSREKULUSEL
YU UONRE3NRLLET

Ukpjuyhu mbnbuwuwt qupqugnidubpp tyuunnd Bu wpbughtt Juhwtwlyubph
Yhpundwip: Uw hwigkgund t tpwl, np wykih own pubpmipniuibp wpnwnpnd Bu
wplughtt quwhwbwlitp” dhwiquidwy nwppkp pinipugptpny: Uwluyh wpnwngpnnbph
Ynnuhg wpwdwnpjué punipwugpbpp hhdbwlwind skt yupnibwlnd  wdpnpowjut
nbntjuwnynipniy, npytugh htwpwynp (hth hwpdupyl] wpbhuyhtt Jubhwtwyubph Epp
oquuugnpsdwb mwppbp wuydwbbpnud: Nunh wydd wpbughtt Jwhwbwlutph ungkh
Jupnigdwt thnymd Gup, Epp hwpquplynid £ wpbuyhtt quhwbiuljubph Epp nwppbp guy-
dwbibpmud’ hhdikny Juhwbwlbph nkuihjulul huunnwpgeipmd dkpljupug]us
npunhwunip wyjwubph Ypue

Lwjuyhtt wojuwwnwpbpnid ukpuyugpty Bup wplughtt quhwiuwlubph dnghbh
Jwpniguwh Ukpnpupuimpniip’ wphughtl quhwiwlibph nkpthjulub huunnwpnpnd
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ubpuyugus ndjujutph hhdwt Jpu: Uju hnnpubdmd gnyg k. nipynid wnwewplyny
Ubpnnh Ypyubhnipiniup b Jhpwenwdp wyt BP4180T wpbwyhtt quhwiwlh pw, np wpnw-
nnnud k BP Solar -p: Ywwnwpbjugnpdyws wju dnphih wpyniiptitipp hwdbdwngt) B bwpu-
nnn Unnbjh wpyniupubph b wplwjhtt quhwbwlh wkpuhulwt huunwpneowd tkplw-
jugqwd wnyjuutph htwn:

Uwnwugjws wpnniupubph hpnudnipniup gnyg k wwwhu wnwewplynn Unnbih Yh-
punbjhnipiniup b yEkpupunwunpbihnipmibn:

Unwibgpughl punkp. mipliughtt quhwbwlh unnk), dninnynpunughtt quhwtil, phu-
nwynplwt hwdwlwpg, wphwght tutipghw, bhqhjujwt Ynpniunbbp wpbwhtt dwpwn-
ngubkpnu:

A.T. CUMOHJIH, O.A. IIETPOCSH, C.T. MYPAJISAH

NPUMEHEHUWE OJHOJAUOJHOM MATUHAPAMETPHUYECKOM
MO/EJIX COJTHEYHOM IMAHEJIN C YYETOM TEMITIEPATYPHbBIX
3ABUCUMOCTEMN

Texyiiee 5KOHOMHUECKOE Pa3BUTHE OJIArONPHUIATCTBYET UCIIOIB30BAHUIO COTHEUHBIX
Oarapeii. OT0 IPHUBOIUT K TOMY, YTO BCE OOJIBIIIC KOMITAHHI TPOU3BOIIT COTHEUHBIC MTAHEH C
COBEPILEHHO pPAa3HBIMH XapakrepucTukamu. OJHAKO crenu(UKamuy, MPeIoCTaBIsIeMbIe
TIPOM3BOAMTEISIMH, OOBITHO HE CONEpIKAT IOTHON WH(pOPMAIINH, MO3BOIIIIONICH pacCYUTaTh
MOIIIHOCTh COJTHEUHBIX MAHENEH B pa3IM4HbIX YCIOBUAX MCIIONIb30BaHMsl. UMEHHO MOATOMY
HEO0XOIMMO CO3/IaTh MOJICNb COTHETHOH TTaHeITH, KOTOpast TIO3BOJIUT HaM PAacCUUTATh MOIITHOCTh
COJTHEUYHBIX OaTapeill B Pa3IMYHBIX YCIIOBHSIX, OCHOBBIBASCH HA OOIIUX JAHHBIX, IPEACTaB-
JICHHBIX B TEXHUYECKON JOKYMEHTAIMH MaHeeH.

B npeapiaymux padotax HamMHu ObUIA MPEUIOKEHA METOAMKA MOCTPOCHUS MOJICIH
COJIHEYHOM MaHeNu Ha OCHOBE JIaHHBIX, MPEACTABICHHBIX B TEXHUYECKOM JIOKYMEHTE COJI-
HE4YHOU nmaHenu. B 3Toli cTaThe MpoAeMOHCTPUPOBAHA TOBTOPSIEMOCTh IPEASIOKEHHOTO Me-
TOIA U TPUMEHIEMOCTh ero K coiHeuHoi manenu BP4180T npoussoacrea BP Solar. Pe-
3yJbTaThl 3TOM YIYUIIEHHON MOJEIU CPABHEHBI C PE3ybTaTaMu NMPEABIAYLIEN MOJIENH U C
JIAHHBIMH, MPEICTABICHHBIMU B TEXHUUYECKOM JOKYMEHTE MHTEPECYIOIIEH COJIHEYHOU Ma-
HEJH.

AHanu3 MOJIyYEHHBIX PE3yJIbTaTOB MOKa3bIBAET NMPUMEHUMOCTh U MOBTOPSEMOCTD
PpaboTHI IPEITI0KCHHOW MOJIEITH.

Knrouesvle cnosa: MonenupoBaHue COJIHEYHBIX MaHeseH, (POTOAIEKTpHUECKHE dIie-
MEHTBI, CUCTEMa TCCTUPOBAHUS, COJMHECUYHAs SHEPrus, GU3UYCCKUC MOTEPH B CONHEUHBIX
TaHessX.
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