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Abstract— In this paper, simulated thermal loss
analysis for a standalone photovoltaic (PV) power
installation for a microfinance bank is presented. The
study considered four different thermal loss factor
setups, namely; Case I; semi-integrated PV module
with air duct behind with thermal loss factors, Uo = 20
and Ul = 0; Case Il: free-standing PV arrays which is
the current PVSyst default with thermal loss factors,
Uo =29 and Ul = 0; Case IlI: Integrated PV module
with fully insulated back which is the setting for a close
roof mounted fully insulated PV arrays with thermal
loss factors, Uo =15 and Ul = 0; and Case IV: old
version of PVsyst default value with thermal loss
factors, Uo =20 and U1 = 6. The PVSyst software was
used to conduct the thermal loss analysis of the
standalone power system for the four different PV
installation setups. Specifically, the cell temperature
rise above the ambient temperature, thermal loss due
to PV module temperature, PV array efficiency and
system efficiency are considered. The results showed
that the annual average value of difference between the
module temperature and ambient temperature, DTArr
(°C) for Case Il is the lowest with a value of 37.98°C
while that of case Il is the highest with a value of
47.49°C. The results for the thermal loss due to
temperature, TempLss (kwWh) for Case 11 is the lowest
with a value of 364.86 kWh while that of case 111 is the
highest with a value of 623.83 kWh. The results for the
PV array efficiency, EffArrR (%) for Case Il is the
highest with a value of 8.64% while that of case Il is
the lowest with a value of 7.94%.Furthermore, results
for the System Efficiency, EffSysR(%) for Case Il is the
highest with a value of 8.05 % while that of case 111 is
the lowest with a value of 7.72 % . In all, case Il which
is for free standing PV installation gave the highest PV
array efficiency, highest system efficiency, lowest PV
module temperature rise above the ambient
temperature and finally the lowest thermal loss. On the
other hand, case 111 which is for integrated PV module
installation with fully insulated back and also the
setting for close roof mounted PV installation gave the
lowest PV array efficiency, lowest system efficiency,
highest PV module temperature rise above the ambient
temperature and finally the highest thermal loss. The
implication is that rooftop PV installation suffers more
losses than the free standing PV installation. As such,
while space is conserved by re-using the roof for the PV

installation, there is a trade-off in the reduction in the
PV array efficiency and system efficiency.

Keywords— Rooftop PV Installation, Thermal
Loss Factor, Photovoltaic, Module Temperature,
System Efficiency, Ambient Temperature, PV
Array Efficiency, Standalone PV Power System

1. INTRODUCTION

Today, photovoltaic (PV) solar power generating
system are popularly used in homes and business
premised across the globe [1,2,3,4,5,6,7,8,9,10].
Particularly, in the developing countries, PV power
generation system (PVPGS) has also become the
preferred alternative source of energy to the national
grid [11,12,13,14,15,16,17]. This is particularly
facilitated by the continual drop in the prices of
PVPGS components [18,19,20,21,22].

In any case, over the years, studies have shown that
the performance of the PVPGS is affected by the cell
temperature which in turn depends on a number of
other parameters [23, 24, 25, 26, 27, 28, 29, 30].
Also, the PVSYsyst software that is commonly used
to simulate the sizing, operation and performance of
PVPGS has its thermal loss factor and PV cell
temperature models which can be used to assess the
impact of temperature, wind speed and solar
radiation on the performance of the PVPGS [31,32].
Consequently, in this paper, a simulated analysis of
thermal loss factor setup impact on a standalone
PVPGS is presented. The analysis utilized four
different thermal loss factor settings in PVSyst
software to assess their impact on the cell
temperature, the thermal loss due to cell
temperature, the PV array efficiency and system
efficiency. In all, the ideas presented in this paper will
enable PV system designers to select appropriate
thermal loss factor in the PVSyst software for their
simulation purposes.
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2.0 METHODOLOGY

2.1 The case study load demand and
meteorological data

The study conducted on a standalone PV power

system used to supply electric power to a

microfinance bank located in Port Harcourt, Rivers
State Nigeria (Figure 1). The thermal loss factor
setting impact study on the PV power system utilizes
the daily energy demand for the microfinance bank,
given in Table 1 and the meteorological data of the
case study site, given in Table 2.

Table 1 The daily energy demand data for the Microfinance bank used as case study

Total Daily Hour
Description of Item Qty Power load of fCtu?l Daily
(Watts) (Watts) Utilization (Wh)
{hours)

Server (plus 1 150 150 24 3600
accessories)
Indoor Lightings 6 40 240 13 3120
HP Deskjet (three-in-
one) printer/scanner 1 44 44 14 616
and photocopier
ATM Machine 3 1000 3000 24 72000
Premises/Street
Lightings 8 50 400 14 5600
Router 1 25 25 24 600
Laptop (with security 1 40 40 o 960
cable)
Air conditioners 2 746 1492 14 20888
Wireless Access Point 2 12 24 24 576

TOTAL 5415 107960
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Figure 1 Google Map Plot of some Microfinance Banks in Port Harcourt, Rivers State

Table 2 The meteorological data of the case study site
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2.2 Thethermal loss factor and cell

a(G) (1 - HPVSTC)))

v = (
Tceli=Ta

O]

temperature model in PVSyst

In thermal loss analysis, the single-diode mode is the
basis of the thermal loss equation used in PVsyst
simulation software while the PV array thermal behavior
is based on the energy balance between the cell
temperature and the ambient temperature. Let T,,;; denote
the PV array cell temperature (in °C), U denote the
PVsyst simulation software thermal loss factor, « denote
the solar irradiation absorption coefficient of the PV
array, npysrc denote the PV array efficiency at Standard
Test Condition (STC) and G denotes the irradiance
incident on the PV module plane (W/m?2) , then, U in
PVsyst simulation software is computed as;

U (Tcell - Ta) = (X(G) (1 - l’U’VSTC) (l)

Let V,,inq denote the wind speed in m/s , U; denote the
convective heat transfer component which is expressed in
W/m?K and U, denote the constant heat transfer
component expressed in W/ m?2K), then the T, is
computed in PVsyst using the Faiman module
temperature model, where;

_ M)
Tcell - Ta + (UO +U1 Vwing)

(©)
The values of U, and U, are empirically determined, and
some available published values for different installation
setups are given in Table 3.

Table 3 The values of Uy and U, for different kinds of PV installation setups

S/N Description TUo Ul

I Semi-integrated with air duct behind 20 0

1I Current PVSyst default which is for free-standing arrays 29 0

III Integrated PV module with fully insulated back , that is 15 0
close roof mounted fully insulated arrays

v Default value in the old version of PVSyst 20 6
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3. RESULTS AND DISCUSSIONS

The PVSyst software is used to conduct the thermal loss
analysis for the different four different PV installation
setups, as shown in Table 3. Specifically, the cell

temperature rise above the ambient temperature, thermal
loss due to temperature, PV array efficiency and system
efficiency are considered. The components sizing for the
battery bank and the PV array are shown in Figure 2.

"f;_ﬂ Stand-alone System definition, Variant "Mew simulation variant” — O it
Presizing help
; . =1 = =1
Ay daily needs Enter accepted LOL IE_;I 4 ﬂ Battery [user] volkage 24 = W ﬂ
=l Sugagested capacity 25043 Ah
109 kwh/day E nter requested autononmy IE_;I day(z] ﬂ Suggested PV power 367 Kwp [nam.]
Select battery zet
Sort Battenes by woltage " capacity ™ manufacturer
2y 150 &h Dural SC Electrona - Open
2 ill ¥ Batteries in sene —EI- o :I] Mumber of batteriezs 400 Battery pack woltage 24
Iﬁﬁ - o :p: Global capacity 30000 Ak
Stored energy 20 Ew'h
Select module(z])
Sort modules by: % power " technaology " manufacturer All madules ﬂ
| 180%Wp 24 Sipoly CSEF - 180FPE Canadian Solar Inc. bl anufacturer ED'j Open
7 = v i i T
=1 £ il st EE I:I]. Array voltage at 50°C 247
202 ﬁ [ Modules in parallel {— — Array current 1317 A
202 Modules Array nom. power [STC] 36,4 Kwp
=0 Uzer's needs x Cancel / (] 4 MHest I ‘

Figure 2 The selected PV array and battery bank for the power system

The thermal loss factor settings and the thermal loss plot
for the four different PV installation setups are shown in
Figure 3, Figure 4, Figure 5, Figure 6, Figure 7 and Figure
8. The results in Figure 3 and Figure 4 show that for Case
I: Uo= Uc= 20 and U1 =Uv=0, the thermal loss is 8.5 % of
the PV array annual energy yield.

For Case II: Uo= Uc= 29 and U1 =Uv=0 in Figure 5 and
Figure 6, the thermal loss is 7.4 % of the PV array annual

energy Yield, which is confirmed in the system loss
diagram of Figure 8. Again, for Case Ill: Uo= Uc= 15 and
Ul =Uv=0 in Figure 7, the thermal loss is 16.7 % of the
PV array annual energy yield, while for Case 1V: Uo= Uc=
20 and U1 =Uv=6 in Figure 8, the thermal loss percentage
is 8.5 % of the PV array annual energy yield.
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Figure 3 The PVSyst Dialogue Box For Thermal Loss Factor Setting in Case |: Uo= Uc= 20 and U1 =Uv=0
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Figure 4 The Thermal Loss Factor (%) for Case I: Uo= Uc= 20 and U1 =Uv=0
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Figure 5 The PVSyst Dialogue Box For Thermal Loss Factor Setting in Case Il: Uo= Uc= 29 and U1 =Uv=0
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Figure 6 The Thermal Loss Factor (%) for Case Il: Uo= Uc= 29 and Ul =Uv=0

www.imjst.org
IMJSTP29120553 3484


http://www.imjst.org/

International Multilingual Journal of Science and Technology (IMJST)
ISSN: 2528-9810
Vol. 6 Issue 4, April - 2021

% PV field detailed losses parameter

Thesmal parametes ] Ohmic Losses | Module quality - Mismatch | Soiling Loss | 14M Losses |

Field Thermal Loss Factor

Thermal Loss fackor U =Uc + U¥ *Wind vel

50  wi/nk LI

Wind loss factor Uy 0.0 Whmek / mls

Constant loss factor Uc

Collector field, CS6P - 180PE from Canadian Solar Inc.
1 modules in series, 202 strings in paralle|

- O X

Standard NOCT factor
Altemative definition:

WOCT coefficient E2 ‘C

for “"Mominal Operating Collectar Temperature'

Exteinal conditions

S ——— lerackance 200 W
Incidence Angle (40 *
Beam # Glabal o] %
. 7 Ambiert Temper. [20 C
—_‘“—uH Wind Velocsty 1 mi's
L
1000 \ -1
y Loss effect
\ 7 Nominal conditons (25°C)
™ Module Quality Losg
800 |- 7 ™ Aumray mismastch
T -
z [T Incidence Angle effect
g -lII ¥ Tempesshure sffect
soo bk | ™ “wiring Ohmic Loss
\ [T Sevie Diode Loss
1
400 = -
2001 Array losses for 800 Wim®: ) ]
Tmed. = 25"C, Pmpp amay = 29.0kW
Module termperature = 53.5°C - loss 167 %
. Raesulun: Pﬂwaﬂnyl- 24 2kNV, :Sh-bal loss -I1E?‘¥'r \ \ ) &pﬂ |
0 5 10 15 20 25 30 35 40
Votage [V] Mloee |

Figure 7 The PVSyst Dialogue Box and Thermal Loss Factor (%) for Case lll: Uo= Uc= 15 and U1 =Uv=0
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Figure 8 The PVSyst Dialogue Box and Thermal Loss Factor (%) for Case IV: Uo= Uc= 20 and U1 =Uv=6
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Figure 9 The system loss for Case II: Uo= Uc= 29 and U1 =Uv=0

The results for the difference between the module
temperature and ambient temperature, DTArr (°C) for the
four different thermal loss factor setups are shown in Table

4 and Figure 10. The results showed that the annual
average value of DTArr for Case Il is the lowest with a

value of 37.98°C while that of case Il is the highest with a
value of 47.49°C. Also, Case | and Case IV have the same
annual average DTATrr value of 42.66°C.

Table 4 The difference between the module temperature and ambient temperature, DTArr (°C) for the four different
thermal loss factor settings

DTArr (°C) for DTArr (°C) for DTArr (°C) for DTArr (°C) for

Casel1l:Uo0=20 | Case2:U0=29 | Case3:Uo=15 | Case4:Uo0=20

Month Month andU1=0 andU1=0 andU1=0 andU1=6
January 1 4471 39.91 49.88 4471
February 2 46.83 41.47 52.1 46.83
March 3 44 .45 39.04 49.79 44 .45
April 4 44.17 38.6 49.73 44.17
May 5 43.54 38.65 48.5 43.54
June 6 40.25 36.22 44.61 40.25
July 7 38.51 34.9 42.4 38.51
August 8 38.49 34.8 42.46 38.49
September 9 41.11 36.81 45.76 41.11
October 10 41.14 36.88 45.73 41.14
November 11 43.63 38.97 48.5 43.63
December 12 45.07 39.52 50.41 45.07
Year Average 42.66 37.98 47.49 42.66
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Figure 10 The difference between the module temperature and ambient temperature, DTArr (°C) for the four different thermal
loss factor settings

Il is the lowest with a value of 364.86 kWh while that of

The results for the thermal loss due to temperature,
TempLss (kwh) for the four different thermal loss factor
setups are shown in Table 5 and FIGURE 11. The results
showed that the annual average value of TempLss for Case

case Il is the highest with a value of 623.83 kWh. Also,
Case | and Case IV have the same annual average
TempLss value of 488.61 kWh.

Table 5 The thermal loss due to temperature, TempLss (kwWh) for the four different thermal loss factor settings

TemplLss (kWh) TemplLss (kWh) for TemplLss (kWh) TemplLss (kWh)
Month Month forCase1:Uo = Case2:Uo0 =29 forCase3:Uo= for Case4:Uo =
20 and U1 =0 andU1=0 15 and U1 =0 20 and U1=6
January 1 556.1 419.5 705.2 556.1
February 2 605.8 466.1 758.4 605.8
March 3 594.6 445.9 757.2 594.6
April 4 545.1 407.3 695.7 545.1
May 5 495.2 368 634.2 495.2
June 6 360.9 264.5 466.2 360.9
July 7 342.9 251.5 442.7 342.9
August 8 358 263.8 460.8 358
September 9 439.7 322.4 567.9 439.7
October 10 473 348.6 608.9 473
November 11 478.4 359 608.9 478.4
December 12 613.6 461.7 779.8 613.6
Year Average 13 488.61 364.86 623.83 488.61
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Figure 11 The thermal loss due to temperature, TempLss (kWh) for the four different thermal loss factor settings

The results for the PV array efficiency, EffArrR (%)
for the four different thermal loss factor setups are
shown in Table 6 and Figure 12. The results showed
that the annual average value of EffArrR for Case I
is the highest with a value of 8.64% while that of case
[l is the lowest with a value of 7.94% . Also, Case |
and Case IV have the same annual average EffArrR
value of 8.39%.

Furthermore, results for the System Efficiency,
EffSysR(%) for the four different thermal loss factor
setups are shown in Table 7 and Figure 13. The
results showed that the annual average value of
EffSysR for Case Il is the highest with a value of 8.05
% while that of case lll is the lowest with a value of
7.72 % . Also, Case | and Case IV have the same
annual average EffArrR value of 7.97 %.

Table 6 The PV array efficiency, EffArrR (%) for the four different thermal loss factor settings

o | FATR (i torcase1 | VAT 001 Bt 0 fr | et

andU1=0 and U1=0 and U1=6
January 1 8.41 8.8 7.77 8.41
February 2 7.96 8.15 7.46 7.96
March 3 8.01 8.19 7.72 8.01
April 4 7.78 7.89 7.7 7.78
May 5 8.54 8.64 8.14 8.54
June 6 8.71 9.04 8.38 8.71
July 7 8.7 9.04 8.27 8.7
August 8 8.65 9.01 8.1 8.65
September 9 8.66 9.07 8.13 8.66
October 10 8.6 8.9 8.15 8.6
November 11 8.6 8.77 7.89 8.6
December 12 8.11 8.16 7.55 8.11
Year Average 8.39 8.64 7.94 8.39
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Figure 12 The PV array efficiency, EffArrR (%) for the four different thermal loss factor settings
Table 7 The System Efficiency, EffSysR(%) for the four different thermal loss factor settings
EffSysR(%) for EffSysR(%) for EffSysR(%) for EffSysR(%) for
Month Casel:Uo0=20 Casel:Uo0=29 Case3:Uo=15 Case4:Uo0=20
andU1=0 andU1=0 andU1=0 andU1l=6
January 1 7.67 7.67 7.67 7.67
February 2 7.32 7.32 7.32 7.32
March 3 7.38 7.38 7.38 7.38
April 4 7.58 7.58 7.58 7.58
May 5 7.84 7.84 7.84 7.84
June 6 8.96 8.96 8.96 8.96
July 7 9.9 9.9 7.87 9.9
August 8 6.9 7.42 7.41 6.9
September 9 8.52 8.52 8.52 8.52
October 10 8.39 8.39 7.1 8.39
November 11 8.07 8.07 7.71 8.07
December 12 7.54 7.54 7.54 7.54
Year Average 8.01 8.05 7.72 7.97
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Figure 13 The System Efficiency, EffSysR(%) for the four different thermal loss factor settings

4. CONCLUSION

An analysis of the impact of thermal loss factor setup on a
standalone PV power system used to supply electric power
to a microfinance bank is presented. The PVSyst software
is used to simulate the sizing and thermal loss analysis of
the standalone power system for different PV installation
setups. Particularly, the study considered four different
thermal loss factor setups, namely; Case I; Semi-integrated
with air duct behind with Uo = 20 and U1 = 0; Case II:
free-standing arrays which is the current PVSyst default
with Uo =29 and U1 = 0; Case IllI: integrated PV module
with fully insulated back or for a close roof mounted fully
insulated PV arrays with Uo =15 and U1 = 0; and Case IV:
old version of PVsyst default value with Uo =20 and U1 =
6.

In all, case Il which is for free standing PV installation
gave the highest PV array efficiency, highest system
efficiency, lowest PV module temperature rise above the
ambient temperature and finally the lowest thermal loss.
On the other hand, case Il which is for integrated PV
module installation with fully insulated back and also the
setting for close roof mounted PV installation gave the
lowest PV array efficiency, lowest system efficiency,
highest PV module temperature rise above the ambient
temperature and finally the highest thermal loss. The
implication is that rooftop PV installation suffers more
losses than the free standing PV installation. As such,
while space is conserved by re-using the roof for the PV
installation, there is a trade-off in the reduction in the
PV array efficiency and system efficiency.
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