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Abstract— In this study, comparison of free
standing and roof-integrated solar photovoltaic
(PV) power system for Automated Teller Machine
(ATM) is presented. Specially, this study seeks to
compare the performance of two solar power
systems; one with free standing PV (FSPV)
module which has free circulation of air around
the PV module and the second one with rooftop-
integrated PV (RIPV) module where there is no
enough air circulation around the PV module. The
energy demand of 92.64 kWh per day with annual
mean temperature of 24.9 °C and total annual total
of monthly mean solar irradiation of 1717.2
kWh/n*2 are used for the simulation. The design
configuration consists of system voltage of 48 V,
maximum allowable loss of load of 1 %, days of
autonomy of 3, battery bank made up of 208
battery units and PV array made up of 240 PV
modules. For the FSPV the constant loss factor
(Uc) is set at 29 wim?k whereas for the RIPV the
constant loss factor (Uc) is set at 15 w/m?k. The
results show that the energy yield of the FSPV is
higher with annual mean 3033.8 kWh with solar
fraction of 0.991 (or 99.1 %) while the RIPV has
2969.4 kWh with solar fraction of 0.988 (or 98.8 %).
In all, the results show that the FSPV mounting
gives better performance than the RIPV mounting
approach.

Keywords— Free Standing Mounted PV, roof-
integrated PV, solar power system, Automated
Teller Machine (ATM), thermal loss

1. INTRODUCTION

Every year, more people across Nigeria are
installing solar power systems as alternative to the power
from the national grid [1,2,3]. This trend is also due to the
increasing affordability of the solar power technologies [4]
as well as the sharp rise in fossil fuel prices in the country

[5]. Moreover, there is increasing advocacy for clean
energy systems [6,7]. All these factors facilitate the
growing adoption of various forms of solar photovoltaic
(PV) power system across Nigeria.

When installing PV power system, the availability
of space or lack of same may warrant rooftop integrated
(RIPV) PV module mounting style [8,9] or the free
standing PV (FSPV) mounting [10,11]. Each of the two
approaches affect the PV system performances and hence
the energy yield from the PV array. Accordingly, in this
study simulation and comparison of free standing and roof-
integrated solar PV power system for Automated Teller
Machine (ATM) is presented. The study considered the cell
temperature, thermal loss, the solar fraction, the energy
yield and the PV module efficiency in each of the two PV
mounting styles [12,13,14]. The PVSyst software [15] is
used for the study to model the PV cell temperature in each
of the two PV mounting styles and to conduct performance
evaluation on the resultant PV power system. The essence
of the study is to provide requisite information that will
guide PV power designers and owners on the choice of PV
mounting style and the impact on the performance of the
solar power system.

2. METHODOLOGY

The cell temperature of the photovoltaic (PV)
module affect the efficiency and energy yield of PV power
system. Accordingly, this study seeks to compare the
performance of two solar power systems; one with free
standing PV module which has free circulation of air
around the PV module and the second one with rooftop PV
module where there is no enough air circulation around the
PV module. The PV power system considered in this paper
is for automatic teller machine (ATM) which has two
ATMs and energy demand of 92.64 kWh per day when it
operates all the 24 hours in a day. The energy demand
profile modeled in PVSyst software is presented in Figure
1.
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The installation site of the system at Uyo City
Polytechnic, Uyo, Akwa Ibom with coordinates; latitude:
5.068414 and longitude: 7.937069 is presented in Google
map screenshot in Figure 2 while the meteorological dataset
for the case study site is presented in Figure 3 which shows
annual mean temperature of 24.9 °C and total annual total
of monthly mean solar irradiation of 1717.2 kWh/n"2.

The screenshot of the system design configuration
dialogue box in PVSyst software is shown in Figure 4. It

system voltage of 48 V, maximum allowable loss of load
of 1 % , days of autonomy of 3, battery bank made up of
208 battery units and PV array made up of 240 PV
modules. The details of the PV module are presented in
Figure 5 while the details of the battery charge regulator are
presented in Figure 6.

Table 1 The energy consumption data for the Automated Teller Machine (ATM)

Equipment Power Duration Electrical Load Energy Demand Per
S/N Description QTY | Rating (kW) (h) (kw) Day (kWh)
Automated Teller
1 Machine (ATM) 2 0.7 24 1.4 33.6
2 AIR Conditioner 1 1.6 24 1.6 38.4
3 Light Bulb 6 0.09 24 0.54 12.96
4 Network Hub 1 0.32 24 0.32 7.68
Total Energy
Consumed 3.86 92.64
P4 User's needs: daily profile definitions - O X
Hourly values
- Us:ers rlaeedls: dallly pl'lc:file,I Con?tantlover]the ):ear | oh [3880 12 h[3880
i 1h |3860 13 h|3860
4000 |- ) 2h |3860 14 h|3860
P e e e S e e e e S e G A G G e e e S e G e e e
3h |3860 15 h|3860
%3000 | | 4h (3860  18h(3860
§ 5h |3860 17 h|3860
Z2000 1 | 6h [3860  18h[3860
X 7h |3860 19 h|3860
sl | 8h [3860  20h[3860
9h |3860 21 h|3860
0 " Ll Il Ll ] Il Ll ] N Ll ] 10 h|3860 22 h|3860
0 2 4 6 8 10 12 14 16 18 20 22 24 11 h 3860 23 h 3360
Operator [acting on all values) —Display Values of Average 3860 W
. Day sum 92.6 kwh/day
(+ Identical Value (0.00 W
" Add Constant over the year tontihisum L9 Rty
" Multiply Wok ot )
" Renommalise to sum ﬂ o o I Units IW L]
<q Back X Cancel 0K
Figure 1 The energy demand profile modeled in PVSyst software
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Figure 2 The installation site of the system at Uyo City Polytechnic, Uyo, Akwa Ibom with coordinates latitude:5.068414 and

longitude:7.937069
_@Q Generation of Synthetic Hourly Meteo Values - O X
Description ll.l yo City Polytechnic, Synthetic Howrly data
Country 7 Region Uyo City Polytechnic  Site Nigeria
[~ Country prefix File to be created |Uyo_City_Polytechnic_SYN.MET Oy Modify |
~Iiradiation units
L [kWh?r:; L i U O
. il P & Kwhing.mh
January 171.4 [25.4 M. day
February 156 258 ’
. - " MJ/rE.mth T
March 164.9 25.7 Al " [ -
i " Solar Time
for 152.7 2.8 (" Cleamess Index Kt (¢ Legal Ti
May 146.3 256 PRI e T
June 129.3 248 Generation options
July 119, 24,
August 1169 239 il v Monthly renormalisation
September 118.2 24.1 _9_’ ™ Use Monthly Diffuse
October 132.4 24.4 2| Regi | f 3
Noverte 1452 547 _] egion typology (for temperatures) :
December 164.0 247 |Swiss Plateau, land, important mist |
Year 1717.2 249

ﬂ Execute Generation I JI| Close

Figure 3 The meteorological dataset for the case study site
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¥ Stand-alone System definition, Variant “New simulation variant”
Presizing help
Ay, daily needs : Enter accepted LOL |1 .0 ﬁ % l, Battery [user) voltage

92.6 kwh/day  Enter requested autonomy [30 =] dayls) 2| SUGIeiE Cap iy I &

—Select battery set
Sort Batteries by (¢ voltage

(" capacity —————  manufacturer

=o] x|
v 9

411 Ah

Suggested PV power  35.7 KWp [nom.)

[12v 124 Ah 6L138 - Starting Electrona - Open ’

|4 j [V Batteries in serie ‘_}S o lﬁ] MNumber of batteries 208 Battery pack voltage 48V
|52— =} v 1 Global capacity 6448 Ah
- = S ==Y Stored energy 310 kwh
—Select module(s)
Sort modules by: & power " technology ————— ¢ manufacturer All modules ~|
| 170Wp 23V Sipoly Blitzstrom Si6-54 170P Blitzstrom Photon Maa. 20C_~ | Open ’
2 =1 v - 5 1{:}'{:" — Th 31 e I3
2 ZiF Modues in sere = :1 slight Anay voltage at 50°C~ 48.1V
||1 20 ﬂ V' Modules in parallel | i Array current 7704
240 Modules Array nom. power ([STC) 40.8 kwp
<0 User's needs X Cancel " OK | Next g» |
Figure 4 The system design configuration dialogue box in PVSyst software
| Definition of a PV module - O X
Model |Blilzstrom Si6-54 170P Manufacturer |8lkzsttom ll
File name [Blitzstrom_Si6_54_170P_PAN Data source |Photon Mag. 2006
MNom. Power |1 70. Wp Tol Il_'t‘l % Technology Isi-poly i’
[at STC)
~Manufacturer specifications or other Measurements ﬂ =Mool Bummniry
Reference conditions: GRef (1000  W/nF TRef |25 T+ Main parameter ﬂ
o S R shunt 220 ohm
Short-circuit current Isc |6.90 A, Open circuit Voc (3300 V Rsh(G=0) 900 ohm
Max Power Point Impp |6.30 A ¥mpp: |27.00 [RV. R serie model 0.17 ohm
Temperature coefficient mulsc |6.9 mé/C R serie max. 0.45 ohm
Nb cells 54 in series R serie apparent 0.44 ohm

ormulsc [0.10 %I'C

Model parameters

Internal model result tool e U
. N = =% _'U loRef 150 r:A
Dperating conditions GOper |1000 = Woné TOper |25 =1 C —= muvoc -109 mV/°C
Max Power Point: Pmpp 170.1 W Temper. coeff. -0.36 %/°C
Current Impp 6.33 A Voltage Vmpp 26.9 V
Short-circuit current lsc 6.90 A Open circuit Voo  33.0 V
Efficiency / Cells area N/A % / Module area 12.20 %
[ Copy to table &2y Print X Cancel « OK

Figure 5 The details of the PV module
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% Charge Regulator Definitions - O X
GeneralDatal Other data / Sizes | Commercial Data l
Model !,zeneral Purpose Default Manufacturer [Undeflned manufacturer
File name  |DefaultRegulator. RLT I Values
I .J ¢« Bycel
Technology |Undeiined L’ Data Display |No display ﬂ " Global syst.
Input [PV solar) side Load management |
Default Default
Charging Thresholds Discharging Thresholds ]
Triggering OFF [Vmax) 2.25 v v Triggering OFF [Vmin) 1.96 V' v
Triggering ON [Vmin) |2,18 v v Triggering ON [Viecov.) 210 A v
Maximum input current [T A M aximum output current [r A
Battery Temperature compensation Associated Battery Pack Voltage
Type = Nominal battery voltage 48 v
yp Intemal sensor _] Default

Correction coefficient

|-5. 00 mv/C W
| 20 ‘C v

Reference temperature

G4

Battery Technol. |Lead-acid, sealed, vehicle starl L] ll

[~ Switchable 2nd voltage

Print

X Cancel v OK

Figure 6 The details of the battery charge regulator

Specifically, the air circulation around the PV
module affect the PV cell temperature. Again, the cell
temperature results in thermal loss. The impact of the cell
temperature is modeled in PVSyst in terms of thermal loss
factor (U) as shown in Figure 7 and Figure 8. Alternatively,
the impact of the cell temperature is modeled in PVSyst in
terms of Normal Operating Collector Temperature (NOCT)
factor as shown also in Figure 7 and Figure 8.

The PVSyst thermal factor settings for the free
standing PV module with adequate air circulation around
the PV module is shown in Figure 7 while the PVSyst
thermal factor settings for the roof-integrated PV module

without adequate air circulation around the PV module is
shown in Figure 8. Notably, as shown in figure7 and in
Figure 8, for the free standing PV module the constant loss
factor (Uc) is set at 29 w/m?k whereas for the roof-
integrated PV module the constant loss factor (Uc) is set at
15 w/m?k. Alternatively, in terms of the Normal Operating
Collector Temperature (NOCT), for the free standing PV
module the NOCT is set at 45 °C whereas for the roof-
integrated PV module the NOCT is set at 68 °C.

WWWw.jmest.org

JMESTN42354329

16553



Journal of Multidisciplinary Engineerimg Science and Technology (JMEST)
ISSN: 2458-9403
Vol. 11 Issue 1, January - 2024

% PV field detailed losses parameter _— a X
Thermal paiameter I Ghmic Losses | Module quaiity - Mismatch | Soiing Loss | iAM Losses i

‘You can define either the Field thermal Loss factor or the standard NOCT coefficient:
the program gives the equivalence !

Field Thermal Loss Factor 1 ~Standard NOCT factor
Thermal Loss factor U = Uc + Uy = Wind vel Alternative definition:
Constant loss factor Uc |29,IJ Wik 2 I NOCT coefficient |45 N B
Wind loss factor Uy 0.0 Wimek / mfs for “Nominal Dpetailng Collector Tempeialule"
Temperature of “free" mounted modules in open
Default value acc. to mounting 1 circuit, under G=800W/mé, Tamb=20"C., Wind

velocity = 1Tm/s.

[V ["Free" mounted modules with air circulatior
[~ Semi-integrated with air duct behind
[T Integration with fully insulated back

—NOCT definition
(+ Open circuit (at Voc) PN |
" Loaded (at Pmpp) :

<3 Back = Losses graph X Cancel " OK |
Figure 7 The PV Syst thermal factor settings for the free standing PV module with adequate air circulation around the PV
module
%l PV field detailed losses parameter — O X

Thermal parameter | Ohmic Losses | Module quality - Mismatch | Soiling Loss | 1AM Losses |

You can define either the Field thermal Loss factor or the standard NOCT coefficient:
the program gives the equivalence !

Field Thermal Loss Factor 1 ~Standard NOCT factor
Thermal Loss factor U = Uc + Uy = Wind vel Altemnative definition:
Constant loss factor Uc |1 50 Witk 2 ’ NOCT coefficient IBS B
Wind loss factor Uw 0.0 Womek / m/s fof "Nomd Dpe‘ !l‘ g CO“OClOi Temrﬂtu‘e‘l
Temperature of “'free" mounted modules in open
i Default value acc. to mounting 1 circuit, under G=800'W/r?, Tamb=20"C, Wind

velocity = 1Tm/s.
[T "Free" mounted modules with air circulation

[~ Semiintegrated with air duct behind
[v iIntegration with fully insulated back;

[~NOCT definition
¢ Open circuit (at Yoc]) PN |
" Loaded (at Pmpp) -

<1 Back I= Losses graph X Cancel | « OK |

Figure 8 The PVSyst thermal factor settings for the roof-integrated PV module without adequate air circulation around the PV
module
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3. RESULTS AND DISCUSSION

The PVSyst software was used to simulate the
operation of the PV power system and hence to evaluate the
performance of the PV power system being studied. The
simulations were conducted for the case I: free standing PV
module and case II: roof-integrated PV module. The
simulation results of the energy use, backup generator
duration and fuel consumption for the free standing PV
module with adequate air circulation around the PV module
and for the roof-integrated PV module without adequate air
circulation around the PV module are presneted in Figure
16.

Specifically, Figure 9 shwos the scatter plot of the
energy yield of the PV array per month, EArray (kWH) for
the case I: free standing PV module and case II: roof-
integrated PV module. The graph shows that the energy
yield of the case I: free standing PV(FSPV) module is
higher with annual mean value of 3033.8 kWh while the
case II: roof-integrated PV(RIPV) module has annual mean
value of 2969.4 kWh. Again, as show in FigurelO, the
FSPV module also has higher solar fraction with annual
mean value of 0.991 (or 99.1 %) while RIPV module has
annual mean value of 0.988 (or 98.8 %).

The results show that the loss of load or missing
energy occurred in the month of August alone. Hence, the

free standing PV module has backup generator energy
supply of 237.7 kWh in the month of August (Figure 11)
with backup generator power supply duration of 79 hours
(Figure 12) and backup generator power supply fuel
consumption of 143 liters (Figure 13). On the other hand,
the roof-integrated PV module has backup generator energy
supply of 369.5 kWh in the month of August (Figure 11),
with backup generator power supply duration of 123 hours
(Figure 12)and backup generator power supply fuel
consumption of 222 liter (Figure 13).

In addition, Figure 14 shows the scatter plot of the
cell temperature of the PV array per month, for the case I:
free standing PV module and case II: roof-integrated PV
module. The graph shows that the cell temperature of the
case I: free standing PV(FSPV) module is lower with
annual mean value of 36.48 °C while the case II: roof-
integrated PV(RIPV) module has higher annual mean
value of 49.74 °C. The lower mean cell temperature of the
FSPV resulted in higher PV cell efficiency with annual
mean value of 6.29 % (as shown in Figure 15) and lower
thermal loss with annual mean value of 469.06 kWh (as
shown in Figure 16).On the other hand, the higher mean
cell temperature of the RIPV resulted in lower PV cell
efficiency with annual mean value of 6.15 % (as shown in
Figure 15) and higher thermal loss with annual mean value
of 826.42 kWh (as shown in Figure 16). In all, the results
show that the FSPV mounting gives better performance
than the RIPV mounting approach.
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Figure 9 The scatter plot of the energy yield of the PV array per month, EArray (kWH)
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Figure 10 The scatter plot of the solar fraction, SolFrac
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Figure 12 Bar chart of the duration of energy supplied from the backup generator per month, TBkUp (hour)
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Figure 13 The scatter plot of the fuel consumed during the period of energy supplied from the backup generator per month,
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Figure 14 The scatter plot of the cell temperature, TArray (°C)
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Figure 15 The scatter plot of the efficiency of the PV module, EffArrR (%)
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Figure 16 The scatter plot of the thermal Loss, TempLss (kWh)
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