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ABSTRACT

In this paper, mathematical models for thermal loss factor settings in PVsyst
software for onshore and offshore PV sites are derived. The thermal loss factor
settings are derived based on the five different thermal loss factor settings and
about 4307 meteorological data records obtained from PVsyst at latitude 14.48°N
and longitude-17.01°W and altitude of 5m. The meteorological data used are the
ambient temperatures (the ambient temperatures (in °C) respectively; G is the
irradiance incident on the plane of the module or array (W/m*) in °C), solar
irradiance incident on the plane of the module or array (G in W/m*) and the wind
speed (Ww in m/s). In the study, two multiple linear regression cell temperature
models were developed,; model one with G (W/m?Z2), Ta (°C) and Vw (m/s) as the
explanatory variables; model two with G (W/m?3) and Ta (°C) as the explanatory
variables. The results showed that for both the onshore and offshore sites, the
thermal loss factor obtained is U, = 29.30 and U, =0 for the model one, whereas
the thermal loss factor obtained is U, = 2836 and U, = 0 for the model two.

Hence, the two thermal loss factors settings obtained for the offshore and offshore
sites PV installations are similar to the thermal loss factor settings currently used by
PVsyst, namely, U, = 29 and U, = 0. It can be concluded that the current thermal

loss factor setting of PVSyst is applicable to both onshore and offshore PV sites.

KEYWORDS: PVsyst Software, Thermal Loss Factor, Photovoltaic,
Meteorological Data, Onshore PV Installation, Offshore PV
Installation, Cell Temperature

Introduction

The growing adoption of photovoltaic (PV) power systems across the globe
poses running challenges to researchers and PV power system designers on how to
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improve the efficiency of the system (Loutan et al., 2017; Chu & Majumdar, 2012;
Kurtz, 2012; Wilhelm, Teske & Massonet, 2011; Teodorescu, Liserre & Rodriguez,
2011; Cobben, Gaiddon & Laukamp, 2008; Boyle, 1997). Among other things, the
cell temperature of PV panels significantly affects their power output and efficiency
(Chen, Vishwanath, Sathe & Kalyanaraman, 2016; Guarracino, Mellor, Ekins-Daukes,
Markides, 2016; Ali, Ali, Moazzam & Saeed, 2015; Dubey, Sarvaiya & Seshadri, 2013;
Schwingshackl, et al., 2013; Fesharaki, Dehghani, Fesharaki & Tavasoli, 2011;
Pathak, Pearce & Harrison, 2012; Hamrouni, Jraidi & Chérif, 2008). More so, in some
of the analytical expressions used in the determination of cell temperature, the
thermal loss factor is a key parameter (Verma & Singhal, 2015; Prinsloo & Dobson,
2015; Olukan & Emziane, 2014; Copper, Bruce, Spooner, Calais, Pryor & Watt,
2013). In particular, in PVSyst simulation software, a given thermal loss factor value
is used to determine the cell temperature for any given PV installation site.
Furthermore, in the PVSyst simulation software, ambient temperature, solar
irradiance, and wind speed are the key parameters used in the determination of the
cell temperature, along with the thermal loss factor settings in the software.

According to the PV user’s manual, the thermal loss factor setting was
empirically determined (Haumann, 2016; Sunday Ozuomba & Umoren, 2016; Pavgi,
2016; Sauer, Roessler & Hansen, 2015; Freeman, Whitmore, Blair & Dobos, 2014;
Tapia, 2014). However, users are advised to select their thermal loss factor settings
based on their specific environment. Regrettably, there is no comprehensive
guideline provided by PVSyst software developers on how to determine the
appropriate thermal loss factor for any given PV installation site. The thermal loss
factor setting is therefore left at the discretion of the user. Consequently, in this
paper, an analytical approach for the determination of the thermal loss factor
settings in PVsyst software for onshore and offshore PV sites is presented. The study
is based on available published thermal loss factor settings for PVSyst software along
with meteorological data records obtained from the PVSyst meteorological database.

Methodology

The mathematical models for thermal loss factor settings in PVsyst software are
based on the cell temperature model used in the PVsyst software. As such, the
underlying PVsyst thermal loss factor model and PVsyst cell temperature model are
first presented. Secondly, the available published thermal loss factor values used by
researchers and PV system designers around the globe are presented. Thirdly, the
approaches used to derive the cell temperature model and PVsyst thermal loss factor
model for a given set of meteorological parameters are presented. Fourthly, the cell
temperature model and PVsyst thermal loss factor model are employed to study the
cell temperature and PVsyst thermal loss factor settings for onshore and offshore PV
installations.

PVsyst thermal loss factor in PVsyst Software

In PVsyst the thermal loss model is based on the single-diode mode while the PV
module’s thermal behavior is based on the energy balance between ambient
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temperature and the cell temperature due to irradiance is given by (Kaldellis, Marina
and Kosmas, 2014) as;

UTeorn — T,) = a(G) (1 —Npysre) (1)

U — (Q{G] {1—f1.varcIl) (2)

Teeil —Ta

Where U is the thermal loss factor; « is the absorption coefficient of solar
irradiation. The default value for the absorption coefficient (e ) is 0.9; T, andT,

are the module and the ambient temperatures (in °C) respectively; G is the
irradiance incident on the plane of the module or array (W/m?) and rnpysrc iS the

module efficiency at STC.
PVsyst cell temperature model

Also, PVsyst, implements a cell temperature model based on the Faiman module
temperature model given by (Copper et al., 2013) as;

_ a(&6)1-npysrc)
TGE‘” - Tﬂ + (UD +U, ':Vu'i.'lli}) (3)

where;

T..;; is cell temperature (°C); T, is ambient air temperature (°C); « is the adsorption

coefficient of the module (PVsyst default value is 0.9) ; G is the irradiance incident
on the plane of the module or array (W/m?) ; nayor- is the efficiency of the PV

module (PVsyst default is 0.1) ; V,,;.4 iS wind speed (m/s) ; U, is the constant heat
transfer component (W/m?K) and U, is the convective heat transfer component
(W/m?K).

PVsyst does not provide enough information on how to select the value of U, andl;

for different situations or PV sites. The current default values assume no
dependence on wind speed , hencel; = 0.

The published thermal loss factor settings for Uyand U,

The five set of published thermal loss factor settings for Uo and Ulare;

i. For fully insulated arrays (close roof mount): Uo =15, U1=0 (PVSyst, 2016)
ii. For free-standing arrays the current default: Uo =29, U1 =0 (PVSyst, 2016)
iii. Some PVSyst users proposed, Uo =25, U1=1.2 (PVSyst, 2016)

iv. The default value in the old version of PVsyst Uo=20, U1=6 (PVSyst, 2016)
v. SunEdison (SunEdison, 2015) proposed Uo =26, U1=1.4



http://www.pvsyst.com/en/
https://pvpmc.sandia.gov/modeling-steps/2-dc-module-iv/module-temperature/faiman-module-temperature-model/
https://pvpmc.sandia.gov/modeling-steps/2-dc-module-iv/module-temperature/faiman-module-temperature-model/
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Development of the Cell temperature and thermal loss factor models for
one given PV Module

Let the cell temperature model (Eq 3) in Pvsystbere arranged as follows;

T, = (a{sm—qmrc:l) @)

U +Uy Viping)

Now, since in most PV thermal loss factor setting the is set to zero (0) , then
thermal loss factor U can be derived such that the U,and U,are integrated into one

denoted as U. In that case, U is given by its components as;

U = Uy + Uy (1) (5)
Then from Eq (4) and Eq (5)U is given as,
apy(G) (1 -npy)
_ _(%p
U = Up +U; (V)=(25 ) (6)

For a PV with givene,, and n,, then using Eq (4) the cell temperature, T, is
computed for each of the five (5) different settings of U, and U, and meteorological
dataset with nj different set of values for G, T, and V,,. The cell temperature for
each combination ofU, and U, and meteorological dataset with nj different set of
values for G, T, and V,, is denoted as T, ; and it is given from Eq (3) as;

(6)(1-n,,
Tetkjy = Tagpy + ( (6 ) (7)

Uk 11 {"'1-.-;]‘_*. )

In Eq(7), j identifies the meteorological dataset record number, and k identifies the
thermal loss factor setting record number, where in this paper k =1,2,3,4,5. The
cell temperature is computed for a single PV module with efficiency n,, and

absorption coefficiente,,. Based on T, in Eq (7) the thermal loss factor for any
given k and j is given as;

o 1!'['5'}{1_ "l.pv}
Uteyy = Vo + Usgy (Vs ) = ( . ) (8)

Tetky—Talh

For each k, the minimum cell temperature (denoted as T, in;) the maximum cell
temperature (denoted as T,,...(x;;) are computed and the percentage difference
between the T.ine;y @Nd Topmaxr;) Which is denoted as T.pmminmaxir) IS alsO
computed as follows;

Tcmin':k,j} = minimum [T.:'I:k,j:' )fOr k = 1,2, 5. (9)
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» apel G;) (1= 1)
Temin(i) = minimum (Tﬂ'ij} + (Uu :::a+if1:::alr1r’1-‘_-::ﬁ]" fork=1,2,5. (10)
. apul 67) (1 )
Tomax(i) = maxtmum (Tﬂ-'ij} + (Uu:::c3+ifi:::c:nI.{F;_-::ﬁ}) fork=1,2,> (11)
T epminmas (i) = (TEMTL“:;_T:?“”) 100 9%for k = 1,2, 5. (12)

Next, all the meteorological data records, namely G;, T,y and V,,;y in which the
value obtained for T pimmaxx,niS Within £ 5% for all k = 1,2, 5are selected and
the mean cell temperature T,,....cpcomputed from each of the selected
meteorological data records is computed as follows;

Tcmarzn{j} = (i) [Etzi[Tclik,_ﬁ))Where_ 2% = Tchinmaxl:k,}'}s + 50/0 (13)

As stated is EQ 13, T,0an(;; 1S cOmputed only for those meteorological data records
where — 5% = T ppminmax e S + 5 %.

Assuming there are nxj meteorological data records where — 5% = T, ppinmax (1.7
+ 5%, thenin Eq 13 j = 1,2,3,...njx. Then, a table of T,;;1.G;. Vie;y and Tppmean(iiS
created for j = 1,2,3,...njx. From the table, a multiple linear regression model is
developed for T, as function of T, , G and V,, in which

I, =A(G) +B(T) +C(V,) (14)

Where 4,B and care the regression coefficients. The values of 4,Band ¢ are
obtained from the multiple regression model that is developed from the table of
Ta(iy G Vieryy @Nd Topmean - Furthermore, the thermal loss U is given from Equation
3.5as;

U — (afpp':t?:]{l—q_py:]) (15)

Te—Tqy

Essentially, where the values of 4,8, and ¢ are known, Eq 14 can be used to
determine the cell temperature(T_)and Eq 15can be used to determine the thermal
loss factor (U) for a given PV module with known efficiency n,, and absorption
coefficienta,along with any given metrological parameters T, , G and v, .
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Results and Discussions

The meteorological data used in the study

This study was conducted with dataset consisting of 4307 meteorological data
records obtained from PVsyst at latitude 14.48°N and longitude -17.01°W and
altitude of 5m. The key meteorological data used are the global irradiance on the
horizontal plane (G given in W/m2) plotted in Figure 1, ambient temperature (Ta
given in °C) plotted in Figure 2, and wind speed (Vw given in m/s) plotted in Figure
3. Also, the study used a PV panel with absorption coefficient of solar irradiation, «_,

=0.9 and the solar panel efficiency, 1, =18.4 %.

Ambient Temperature (Tagiven in °C)
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Figure 1: Global irradiance on the horizontal plane (G given in W/m2)
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Figure 2: Ambient Temperature (Ta given in °C)
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Figure 3: Wind Speed (Vw given in m/s).




INTERNATIONAL JOURNAL OF RESEARCH IN EDUCATION, SCIENCE

SUNDAY, Victor Etop & ESSIEN, Nseabasi Peter Ph.D
AND TECHNOLOGY, VOL.5 NO.1. MARCH 2022, NEW YORK. H:I

The Cell Temperature Model

Table 1: Sample meteorological data with cell temperature predictions
for the five thermal loss factor settings and percentage
difference between the minimum cell temperature and the
maximum cell temperature whereaz,, =0.9 and,, = 18.4%

) ] ] Tchz'nmrzx':k.j}r
e | o | | | €O | 202 T |G| i) | percentage
record 0) Ta@) | Vw() for (°C) for for for (°C) for rierence
number | (W/M?) | (°C) | (/) | ;" 2og. | U =15; |y 2o | g —p5, | U0 =26; | Detweenthe
Ut=0 | Y1=0 | y1Z6 | up =1y | UL =14 | maximumand
minimum Tc(j,k)
(%) for k =
1,2,3,4and 5
i k=1 | k=2 | k=3 | k=4 k=5
1 83 [33.1] 5 35.2 372 | 343 35.1 35.0 8.3
2 47 29.8 5 31.0 32.1 30.5 30.9 30.9 5.3
3 60 30.5 5 32.0 33.4 31.4 31.9 31.8 6.6
4 88 28 5 30.2 32.3 29.3 30.1 30.0 10.3
5 26 |133] 5 14.0 14.6 13.7 13.9 13.9 6.5
6 63 |20.1| 5 21.7 | 23.2 21.0 21.6 21.5 10.4
7 72 | 254 ] 5 27.2 28.9 26.5 27.1 27.0 9.3
8 23 [203] 5 20.9 21.4 | 20.6 20.8 20.8 3.8
9 23 [257] 5 26.3 26.8 26.0 26.2 26.2 2.8
10 6 268 | 5 26.9 27.1 26.9 26.9 26.9 0.6
11 36 32 5 32.8 33.5 32.5 32.9 32.8 2.9
12 79 33.7 5 35.5 36.8 34.9 35.6 35.5 5.4
13 53 [337] 5 34.9 357 | 345 35.0 34.9 3.4
14 73 [309]| 5 32.4 | 335 32.0 32.6 32.5 4.6
15 26 | 222 ] 5 227 | 231 22.6 22.8 22.8 2.2
16 33 22.8 5.6 23.5 23.9 23.3 23.6 23.5 2.6
17 11 | 124 | 56 | 126 12.7 12.6 12.7 12.6 1.5
18 16 | 124 56 | 12.7 12.9 12.6 12.8 12.8 2.0
19 20 | 145]| 56 | 14.9 15.1 14.8 15.0 14.9 2.0
20 19 | 156 56 | 159 16.1 15.9 16.0 16.0 1.6
21 14 |173] 56 | 17.6 17.7 17.5 17.6 17.6 1.0
22 22 [ 184 ] 56 | 188 19.0 18.7 18.9 18.9 1.4

Table 1 sample meteorological data with cell temperature predictions for the five
thermal loss factor settings (that is k =1,2,3,4 and5) and percentage difference
between the minimum cell temperature and the maximum cell temperature where
a,, = 0.9 and n,, = 18.4%. In Table 1 only the cell temperature predictions for the

first 22 data records (that is j =1,2,3..., 22) are shown. According to Table 1, at the
row with j = 6, the maximum percentage difference in cell temperature of about
10.4°C is observed from the five different thermal loss factor settings. Also, from
Table 1, at the row with j = 10, the minimum percentage difference in cell

.
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temperature of about 0.6°C is observed from the five different thermal loss factor
settings. The graph of T the percentage difference between the

ePminmazx (k. ji/
maximum and minimum cell temperature, Tc(j,k) where k =1,2,3,4 and 5 for all j >
Oe is shown in figure 4. In the graph of figure 4, where results for all the 4307
meteorological data records are plotted, higher maximum percentage difference in
cell temperature and lower minimum percentage difference in cell temperature are
observed.

140.00 —
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the percentage difference between the maximum and

minimum cell temperature, Tc(j,k) where k =1,2,3,4 and5 for all j > 0

Figure 4: Graph of T

ePminmazx e ji 7

Table 2 shows portion of the meteorological data with T,,....¢; ,the mean cell

temperature (°C)per selected meteorological data record whose percentage
difference between the minimum cell temperature and the maximum cell
temperature is less or equal to £ 5%; where «,, =0.9 and n,, =18.4. Figure 4.5

show the graph of T,,...¢; ,the mean cell temperature (°C)per selected

meteorological data record for all the data records whose percentage difference
between the minimum cell temperature and the maximum cell temperature is less or

equal to + 5%; where «,, =0.9andn,, =18.4.
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Table 2: Sample meteorological data with T7,,...., ,the mean cell

temperature (°C)per selected meteorological data record whose
percentage difference between the minimum cell temperature
and the maximum cell temperature is less or equal to + 5%;

where «,, =0.9andn,, =18.4.
TchinmExl:kIj}r Tcmﬂﬂnf_ﬂ ,
TeG1) | TeG2) | TeG3) | TG4 | TcG,5) Pd?;;gentage The Mean Cell
oy | 60 [T |vwey | G| GO GO GO GO cene | Temperature
W/M2) | (°C) | (m/s) C o e - e . i d (°C) Per
number | ¢ Uo =29; | Uo =15; | Uo =20; | Uo =25; | Uo =26; | Maximum an Selected
Ul =0 Ul =0 Ul=6 | Ul=12| Ul=14 minimum :
ek 06 o | 2e0ro0c
k =1,2.3.4.5
j k=1 k=2 k=3 k=4 k=5
8 23 20.3 5 20.9 21.4 20.6 20.8 20.8 3.8 20.92
9 23 25.7 5 26.3 26.8 26.0 26.2 26.2 2.8 26.302
10 6 26.8 5 26.9 27.1 26.9 26.9 26.9 0.6 26.952
11 36 32 5 32.8 33.5 32.5 32.9 32.8 2.9 32.896
13 53 33.7 5 34.9 35.7 34.5 35.0 34.9 3.4 34.964
14 73 30.9 5 32.4 33.5 32.0 32.6 32.5 4.6 32.6
15 26 22.2 5 22.7 23.1 22.6 22.8 22.8 2.2 22.796
16 33 22.8 | 5.6 23.5 23.9 23.3 23.6 23.5 2.6 23.528
17 11 124 | 5.6 12.6 12.7 12.6 12.7 12.6 1.5 12.638
18 16 124 | 5.6 12.7 12.9 12.6 12.8 12.8 2.0 12.742
19 20 145 | 5.6 14.9 15.1 14.8 15.0 14.9 2.0 14.92
20 19 15.6 | 5.6 15.9 16.1 15.9 16.0 16.0 1.6 15.994
21 14 17.3 | 5.6 17.6 17.7 17.5 17.6 17.6 1.0 17.586
22 22 184 | 5.6 18.8 19.0 18.7 18.9 18.9 1.4 18.846
% 5.0 | | | | | |
(6] | | | | | |
= _ as | | | | l |
&= 4.0 | | | | | |
Yo : 1 : | : |
£ 3 32 | | | | | |
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Figure 5:  Graph of T,...n(5 ,the mean cell temperature (°C)per selected meteorological

data record for all the data records whose percentage difference between the
minimum cell temperature and the maximum cell temperature is less or equal to

+ 5%; where o

o =0.9andn,,

=18.4.
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From Figure 5 it can be seen that less than 280 meteorological data records have
percentage difference between the minimum cell temperature and the maximum cell
temperature of less or equal to £ 5%. Those are the meteorological data records
that are used in developing the multiple linear regression model for computing the
cell temperature.

The actual average cell temperatures given in Table 4.4 are generated for the that
have percentage difference in cell temperature less than 5%.

The multiple linear regression model developed from the 276 data records is given
as;

T.(°C) =T, + 0.025021(G) + 0.003(V,,) (16)

where the explanatory variables are G (W/m2), Ta (°C) and Vw (m/s).

Error analysis on the multiple linear regression model of Eq 16 with respect to the
selected 276 data records it gave Root Mean Square Error (RMSE) of 0.0179184°C
with maximum absolute error of 0.064653°C. When the multiple linear regression
model (Eq 16) is applied to predict for the entire 4307 data records the RMSE is
0.49622661°C with maximum absolute error of 1.902997°C.

Similarly, when only ambient temperature and solar radiation (G) are considered in
the multiple linear regression model developed from the 276 data records, the model
becomes;

T.°C=T_ + 0.0259(G) (17)

Error analysis on the multiple linear regression model of Eq 17 with respect to the
selected 276 data records it gave Root Mean Square Error (RMSE) of 0.011972225°C
with maximum absolute error of 0.040719547°C. When the multiple linear regression
model (Eq 17) is applied to predict for the entire 4307 data records the RMSE is
0.438063308°C with maximum absolute error of 1.200625313°C.

Essentially, in terms of RMSE, the second cell temperature model (Eq 17) has better
prediction accuracy for the average «cell temperature with about
13.27737359824713% improvement over the RMSE obtained with the first cell
temperature model.

In any case, any of the two cell temperature models can be used to estimate the cell
temperature which can then be used to determine the thermal loss factor.

Thermal Loss Factors for Onshore Meteorological Data

The 4307 meteorological data records used in the study are onshore dataset. As
such, the cell temperature and thermal loss factor settings obtained are applicable to
the onshore site.
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Onshore cell temperature based on multiple linear regression model of Eq16

For the given dataset with 4307 data records , the average G, T,V,,q andT.are
computed. Now average of G = 541.8148492 (W/m?2), then given that a,, =
0.9n,, =18.4 % and then

a(average G) (1 — ngr) = 0.9(541.8148492) (1-0.184) = 397.90882525248.

Also, average of T, = 30.00816705°C and average of T. computed with Eq 16 is
T. =40.51°C. Hence;

T.—T, = 43.5649163918332 — 30.00816705 = 13.5711402235042
Then, the thermal loss factor, U is computed using Eq 15 whereby,

g (G) (1 - )] 397 90882525248
Up =U= (E2 =" %Wandu, = 0= = 2932
T.-T, 13.5711402235042

Onshore cell temperature based on multiple linear regression model of Eq17

Also, average of T, = 30.00816705 °C and average of T, computed with Eq 16 is
T. =44.04117164428°C. Hence;

T.—T, = 4404117164428 — 30.00816705 = 14.03300459428 °C

Then, the thermal loss factor,

U, =U= (—"—EHFI:G} e- I:l‘u['?})t':llﬁd[-ll =0=

Te—Ta

397.50882625248 _ 9@ 35571235521236

142,033 00259228

So, the thermal loss factor obtained is U, = 29.30 and U, =0 for the model (Eq
16) with G, T, and V_,s Wwhereas the thermal loss factor obtained are
U, = 28.36 and U, = 0for the model (Eq 17) with only G and T,. The two thermal

loss factors are very close to the thermal loss factor setting currently used by
PVsyst, namely, U, = 29 and U, =0.

Thermal Loss Factors for Offshore Meteorological Data

The 4307 meteorological data records used in the study are onshore dataset. For
offshore PV installation the equivalent onshore ambient temperature are determined
from the offshore data as follows (Umoette, Ubom & Festus, 2016; Al Riza & Gilani,
2014; Ficklin, Luo, Stewart & Maurer, 2012);

T.= 5.0+ 0.75(T,) (18)

Where T is sea (or offshore) temperature in °C andT, is air temperature on land
(or onshore air temperature) in °C.
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Also, for offshore PV installation the equivalent offshore wind speed are determined
from the onshore data as follows (Umoette, Ubom & Festus, 2016; Hsu, 2013; Hsu,
1986);

Ve =162+ 1.17 (V) (19)

Where V. = is sea (or offshore) wind speed in m/s andV,, is wind speed on land
(or onshore wind speed) in m/s.

A portion of the offshore ambient temperature and offshore wind speed and their
corresponding onshore ambient temperature and onshore wind speed are given in
Table 3. The graph plot of the onshore ambient temperature and the offshore
ambient temperature are given in figure 6 while the graph plot of the onshore
ambient temperature and the offshore wind speed are given in figure 7.

Table 3: A portion of the offshore ambient temperature and offshore
wind speed and their corresponding onshore ambient
temperature and onshore wind speed.

Onshore data Offshore data

Ta (°C) Vw (m/s) Ta (°C) Vw (m/s)
28.85 8.17 26.64 11.18
s28.85 8.17 26.64 11.18
21.58 8.17 21.18 11.18
21.58 8.17 21.18 11.18
29.83 5.83 27.37 8.44
29.83 5.83 27.37 8.44
28.40 6.42 26.30 9.13
28.40 6.42 26.30 9.13
31.40 5.83 28.55 8.44
31.40 5.83 28.55 8.44
29.75 5.83 27.31 8.44
29.75 5.83 27.31 8.44
29.38 6.42 27.03 9.13
29.38 6.42 27.03 9.13
30.58 5.83 27.93 8.44
30.58 5.83 27.93 8.44
31.78 5.83 28.83 8.44
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Figure 6: Graph plot of the onshore ambient temperature and the offshore ambient
temperature
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Figure 7: Graph plots of the onshore wind speed and the offshore wind speed

Now cell temperature model of Eql6é and Eql7 are used to estimate the cell
temperature for the offshore site for the entire 4307 offshore data records. RMSE of
0.591012111(°C) and maximum absolute prediction error of 1.601085315(°C) are
obtained when the cell temperature model of Eql6 is used to estimate the cell
temperature for the entire 4307 offshore data records. Similarly, RMSE of
1.054379357 (°C) and maximum absolute prediction error of 2.577628938(°C) are
obtained when the cell temperature model of Eql7 is used to estimate the cell
temperature for the entire 4307 offshore data records. Essentially, the cell
temperature model of Eq16 gave better cell temperature prediction for the offshore
installation.
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Essentially, in terms of RMSE, the cell temperature model of Eq 16 has better
prediction for the offshore cell temperature with about 78.40232668260837%
improvement over the RMSE obtained with the cell temperature model of Eq 17.

Offshore cell temperature based on multiple linear regression model of Eq16

For the given dataset with 4307 data records , the average G, T,V,.,qs andT.are
computed. Now average of G = 541.8148492 (W/m?2), then given that a,, =

0.9n,, =18.4 % and then
alaverage G) (1 — ngrc) = 0.9(541.8148492)(1-0.184) = 397.90882525248.

Also, average of T,=27.50497°C and average of T, computed with Eq 16 is
T, =41.0834107457762°C. Hence;

T,—T, = 41.0834107457762— 27.50497 = 13.5784407457762

Then, the thermal loss factor, U is computed using Eq 15 whereby,

Uy, =U= (EM]andu1 = = T O08E2SIEEE _ 59.3044564322495
Te—Tg 13.5784407457 762

Offshore cell temperature based on multiple linear regression model of Eq17

Also, average of T, =27.50497°C and average of T. computed with Eq 16 is
T. = 41.53797459428 °C. Hence;

T.—T,=4153797459428 — 27.50497 = 14.03300459428°C

Then, the thermal loss factor,

Il
o
Il

= = E“'-"I:G} I:i_ n-P[-’}
Uy =U (J—rf—ra ) and Uy

3597.90882525248
14.03300455428

= 28.3552123552123¢

So, the offshore thermal loss factor obtained is U, = 29.30and U, =0 for the
model (Eq 16) with G, T, and V,,;,4 Whereas the thermal loss factor obtained are
U, =2836 and U, = 0for the model (Eq 17) with only G and T,. Hence, the two

thermal loss factors settings obtained for the offshore installation are similar to the
thermal loss factor setting currently used by PVsyst, namely, U, = 29 and U, =0. It

can be concluded that the current thermal loss factor setting of PVSyst is applicable
to both onshore and offshore PV sites.

Conclusion

Analytical approach for determination of the thermal loss factor settings in PVsyst
software for onshore and offshore PV sites is presented. The approach is based on
available five different thermal loss factor settings and meteorological data records

e

14]

———
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obtained from PVsyst software. Particularly, the meteorological data used are the
ambient temperatures (the ambient temperatures (in °C) respectively; G is the
irradiance incident on the plane of the module or array (W/m?) in °C) , solar

irradiance incident on the plane of the module or array (G in W/m?) and the wind

speed (Vw in m/s). In the study two multiple linear regression cell temperature
models were developed, model one with G (W/m2), Ta (°C) and Vw (m/s) as the
explanatory variables and model two with G (W/m2) and Ta (°C) as the explanatory
variables. The results showed that for both the onshore and the offshore sites, the
thermal loss factor obtained are similar to the latest thermal loss factor setting in
PVsyst software, namely, U, = 29 and U, =0.The results also showed that the

latest thermal loss factor setting in PVsyst software is applicable to both onshore
and offshore PV sites.

Recommendations

1. It is obvious that Onshore and Offshore Photovoltaic Installations is
dependent on a standardized analytical approach that help determine
Thermal Loss Factor Settings in PVSyst Software. Sequel to that, oil
companies should adopt it all at times.

2. PVsyst as a PC software package should be used globally for the study,
sizing, simulation and data analysis of complete solar PV System for
good results.
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