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Abstract— In this paper, simulated grid-
connected roof-top solar power system analysis is
presented and the case study was a superstore
building in Akwa Ibom. The effective rooftop area
for PV array installation at the case study
superstore was about 18 m? the load demand
was 33460 Wh per day and the horizontal global
irradiation at the site was 1717.2 kWh.m? per
month. The analysis was implemented using
PVSyst solar power simulation software.
According to the results, a total of 10 PV modules
are required and this gave a total PV array module
area of 16.4 m? and array cell area of 14.4 m?. The
power system has total energy production of 4305
kWhlyear, the performance ratio of 82.84 % and
solar fraction of 32.57 %. The operating efficiency
of the PV modules was 17.99 % with respect to
cell area which is different from the quoted value
of 2112 % on the PV datasheet. Also, the
operating efficiency of the PV modules was 15.70
% with respect to module area which is different
from the quoted value of 18.44 % on the PV
datasheet.
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1. INTRODUCTION

In the recent decades, the rising harmful impact of fossil
fuel-based energy generators has prompted the global call
for the adoption of more environmentally friendly energy

this wise, photovoltaic (PV) panels are installed and used
to capture solar energy and converts same to electric
energy [25,26,27,28,29,30]. While such approach is good,
the solar panels occupy space, especially due to the low
conversion efficiency the PV panels and hence relatively
large area of space that is needed to accommodate the
solar panels for large energy harvest.

In order to conserve space while still adopting the solar
PV option, rooftop installed PV panels are now being
used in many places [31,32,33,34,35,36]. This is
particularly useful in the cities where space is very scares
and expensive. As such, in this paper, the focus is to
determine the amount of energy generated from the
available rooftop and also the operating efficiency of the
rooftop installed PV panels. The PVSyst software is used
in the study and it also used to generate other relevant
performance parameters of the PV installation. The case
study used was a superstore building in Akwa Ibom State
in Nigeria.

2 METHODOLOGY

The effective area of the roof (Apyr) is determined from
the available roof area (Agp,) after applying the various
reduction factors, namelyrg,, (flat roof reduction factor,
Iae = 1), Ipeak (peaked roof reduction factor usually,
Ipeak = 0.5), fy (roof inclination reduction factor), fg
(unused and shaded roof area reduction factor roof area,
typically, 0.3 < £,<0.9), fq, (flat roof fraction) and
fheak (peaked roof fraction ). Then

sources [1,2, 3,4, 5,6,7,8,9,10,11,12,13]. While there are Apyr = (fo)(fs) (Arrr) M

many options, in Nigeria, the most popular clean energy Where,

source in the solar of which photovoltaic option is the

most dominant [14,15,16,17,18,19,202,21,22,23,24]. In fo = (fa0) (Ffia) + (fpear) (Tpear) 2)
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The tilt angle, ¢ for optimal solar radiation capture on
the PV module is calculated as follows;

Bopt = 3.7+ 0.69|¢p| 3)
Where ¢ is denotes the site latitude.

Researches have shown the cell temperature (T,,;;) affect
the PV module output. Furthermore, the ambient
temperature (T,), the absorption coefficient (o), the
irradiance (G ) incident on the PV module plane and the
standard test condition module efficiency (npystc) all
affect the cell temperature which is determined in this
paper using the Faiman PV temperature model, where;

_ a(G)(A-npysrc)
Tcell - Ta + (UO +Uy (Vwind) )

(6)

Where the thermal loss factor values adopted close roof
mount PV are; Uo =15, Ul=0.

The de-rating factor due to cell temperature (ftemp) is
given as:

ftemp: 1-( Ypv *(Ta- Tsrc))
©))
Where Tgre is the Standard Test Conditions cell
temperature in degrees Celsius, Ypvr dentes the

temperature coefficient of the PV module, and T, is the
ambient temperature. Similarly, f;c/qc denotes the overall
DC to AC de-rate factor where its value is usually about
0.8. Then , if n,,, is the operating PV module efficiency ,
E; is the daily load demand and G, denotes the average
daily global solar on the PV module plane, then;
EL
(Gd * Ilpv*fdc/ac*ftemp)

Apyr =
(7

Hence, the daily load that can be satisfied by the given
effective roof area, Apyr is given as;

E, = Apv (Ggq = Npov * fdc/ac * ftemp) 3

3 RESULTS AND DISCUSSION

The detail PV power analysis was implemented using
PVSyst software. The details of the meteorological data for
the PV installation site, as captured using the PVSyst
software is shown in Figure 1. The horizontal global
irradiation at the site is 1717.2 kWh.m? per month. Figure
2. The load demand profile of the case study superstore is
shown in Figure 2 which shows a daily energy demand of
33460 Wh per day, approximately, 33.5 kWh per day. The
effective rooftop area for PV array installation at the case
study superstore was about 18 m?. Hence, the PV array
selected does not exceed 18 m? and some rooms are given
for pathways around the PV arrays.

The selected PV module for the system is the NU-RD 300
model PV module manufactured by Sharp and it is a 300
Wp 26V rated Si-mono PV module. The definition of the
PV module basic parameters and rated efficiency is shown
in Figure 3, the definition of the PV module size and
technology is shown in Figure 4, while the definition of the
PV module optimization, efficiency versus irradiance is
shown in Figure 5. The PV module has 1.643 m? module
area, 1.435m2 cell area, as shown in Figure 4. Also, the
module has 21.12 % efficiency with respect to cell area,
18.44 % efficiency with respect to module area, as shown
in Figure 3 and Figure 5.

The simulation parameters of the PV power system is given
in Figure 6. According to Figure 6, a total of 10 PV
modules are required and this gave a total PV array module
area of 16.4 m? and array cell area of 14.4 m?.

The section of the main simulation results of the PV system
is given in Figure 7 which shows that the power system has
total energy production of 4305 kWh/year, the performance
ratio of 82.84 % and solar fraction of 32.57 %. The
operating efficiency of the PV modules are shown in Figure
8 which shows that due to site specific losses in the PV
array , the operating efficiency of the PV modules is 17.99
% with respect to cell area which is different from the
quoted value of 21.12 % omn the PV datasheet. Also, the
operating efficiency of the PV modules is 15.70 % with
respect to module area which is different from the quoted
value of 18.44 % on the PV datasheet.

PVSYST V6.70 [

lorma;zz [ Page 1/1

Hourly meteorological data

Meteo data : AKWA IBOM STATE ;NASA-SSE satellite data, 1983-2005;Synthetic
File AKWA IBOM STATE_Nasa_SYN.MET of 29/05/21 06h21
Situation Latitude S5.05°N Longitude 7.90°E
Time defined as Legal Time Time zone UT Altitude 56 m

Source file characteristics Synthetic Data generation, Monthly renormalisation

Monthly Meteo Values

Source AKWA IBOM STATE _Nasa_1983.SIT -- NASA-SSE satellite

Jan. Feb. Mar. Apr. May | June | July Aug. Sep. Oct. Nov. Dec. Year
Hor. global 1714 | 156.5| 1649 | 152.7 | 146.3| 129.3| 1194 | 116.9| 118.2 | 132.4 | 145.2 | 164.0 [1717.2| kWhm*.mth
Hor. diffuse 536 552 68.8 68.1 67.6 63.3 66.0 68.2 68.1 67.3 585 53.0 | 757.7 | kWh/m*.mth
Extraterrestrial 2950 | 281.8| 323.1| 312.2| 3126 | 2946 | 306.5 | 315.8| 310.7 | 314.4 | 289.2 | 288.4 [3644.2| kWhm*.mih
Cleamess Index | 0.581 | 0.555 | 0.510 | 0.489 | 0.468 | 0.439 | 0.390 | 0.370 | 0.380 | 0.421 | 0.502 | 0.569 | 0.471
Amb. temper. 254 258 25.7 25.8 256 248 241 23.9 241 24.4 24.7 24.7 249 |°C

Figure 1 The details of the meteorological data for the PV installation site
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Grid-Connected System: Detailed User’'s needs
Project : ROOF_TOP_PV_POWER
Simulation variant : SUPERSTORE _1

Annual values

Number Power Use Energy
Light 6 18 Whamp 13 hWday 1404 Wirv/day
™ 3 80 Wiapp 13 Wday 3120 Wr/day
Air Condtioner 2 780 W/app 13 Wday 20280 Wh/day
Fridge / Deep-frecze 2 24 Whiday 1642 Wh/day
Fan - 13 Whiday 3120 Wi/day
Computer 3 125 W tot 10 h'day 3750 Wh/day

L] 3 L] » ° " “w n ™

Figure 2 The load demand profile of the case study superstore
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Definition of a PV module

Basic data I Sizes and Technology | Model parameters | Additional Data | Commercial | Graphs |

Model  |NU-RD 300 Manufacturer |Sharp

File name  |Sharp_NU_RD300.PAN Data source |Manufacturer 2016

_?’ Original PVsyst database Prod. from 2016

Nom. Powetlsﬂu,n Wp  Tol -7+ IEI.IJ |5.D %  Technology lSi-mono
(atSTC) -

—Manufacturer specifications or other Measurements
2

Reference conditions: GRef (1000 W/n¢ TRef |257 ‘C;’
Short-circuit current Isc |9970 A Open circuitVoc (39,40 W
Max Power Point: Impp |9630 A Vmpp [31.20 V
Temperature coefficient mulsc |5.0 ma/ C

Nb cells 60 in series

or mulsc IU. 050 %/°C

~Internal model result tool

Operating conditions GOper I1l][l[l ﬁ W TOper |25 i'[’C l‘
Max Power Point: Pmpp 303.0 W ll Temper. coeff. -0.39 %/°C
Currentimpp  9.42 A Voltage Vmpp 32.2 V
Short-circuit current Isc 997 A OpencircuitVYoc 39.4 V
Efficiency /Cellsarea 21.12 % /Module area 18.44 %

Figure 3 The definition of the PV module basic parameters and rated efficiency
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Definition of a PV module — O X

et 5 ~Maximum Arnay Voltage
Descaption| Sharp. NU-RD 300 Absolute mavimum voltage of the Array in any
 Module . Cells f:mmj; gle Voc at lowest possible ambient
Length |1ssu mm | Inseries |so Maximum voltage IEC 1000 ¥
Width 30 mm | | Inpaalel i Magimum volage UL (US)  [N7a v
Thickne | . I | e :
_ = 500 i Lo 2331 |pE . By-pass protection diodes
Welght |2003 kg Total nb. cells 60 Nb. of sub-modules |3_."_] ez
Module area  1.643 ¥ | | Cells area 1.435 ot (i.e. functional by-pass diodes) -
: 5 . Sub-module partition ¢ Inlength
Definition of Module's sizes is mandatory: it is used for the " In width
determination of the "usual” efficiency. . .
Cells area is facultative: if defined it allows for the definition of the _ " Twin half cells
efficiency at cell level.. ;
[T Tile module
“Module technology and specifities | [~ CPV: Concentrating module
Frame: Aluminium [~ Bi-facial module
Structure: Solar glass (TSG)
Connections: EVA and polymer sheet
EE show Dptimization B Copy to table | & Print | X Cancel v OK

Figure 4 The definition of the PV module size and technology
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PV module model optimization X
Sharp - NU-RD 300

~One-diode model paramete

o W 05:!‘[3;!{ . PV moduie: Sharp, NU-RD 300

R serie IW ohm [v - (> T : T ' T Y T T

R serie appa  0.42 ohm ‘

Gamma 1.03 20 _ ]

f Flserie acc. to rel. effic.

I0.0I] % at 800 W/m2
| 00 % at600W/m2
%

|U,UO at 400'W/m2

Relative efficiency loss
by respect to STC
1000 W/m2, Eff = 18.44 %

(=
-
=]

I

L

FiTiciency at Pmax [%]

| = Celis temp. =10 °C 800 Wim2, 0.2%
0.00 |pEstZiNime o[ — Celstemp.=25°C 600 Wim2, 0.1%
| = Celis temp. =40 °C 400 Wim2, -0.7 %
~——— (Cells temp. =55 °C 200 Wim2, -3.0 %
Show [ —— Cells temp. =70 °C L
" I(V) curves inadiance 0 . : - L . L - ! .
0 200 400 600 800 1000
. |N] curves temperature Incident global [W/m3]
" P[] curves

' Efficiency vs Inadiance

Figure 5 The definition of the PV module optimization, efficiency versus irradiance
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Grid-Connected System: Simulation parameters

Project : ROOF_TOP_PV_POWER
Geographical AKWA IBOM STATE Country Nigeria
Situation Latitude 5.05°N Longitude 7.90"E

Time defined as Legal Time Time zone UT Altitude 56m

Albedo 0.20
Meteo data: AKWA IBOM STATE NASA-SSE satellite data, 1983-2005 - Synthetic
Simulation variant: SUPERSTORE _1
Simulation date  07/08/22 16h03
Simulation parameters System type No 3D scene defined
Collector Plane Orientation T 8° Azimuth 0°
Models used Transposition Hay Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module Si-mono Model NU-RD 300
Orniginal PVsyst database Manufacturer Sharp
Number of PV modules In series 10 modules In parallel 1 strings
Total number of PV modules Nb. modules 10 Unit Nom. Power 300 Wp
Aurray global power Nominal (STC) 3000 Wp At operating cond. 2725 Wp (50°C)
Asray operating characteristics (50°C) Umpp 288V Impp 94 A
Total area Module area 16.4 m* Cellarea 14.3m?
Inverter Model PV-3000N-V
Original PVsyst database Manufacturer PrimeVolt
Characteristics Operating Voltage 100-580 V Unit Nom. Power 3.00 kWac
Inverter pack Nb. ofinverters 1 units Total Power 3.0 kWac
Pnomratio 1.00
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim?K Uv (wind) 0.0 WIm*K / mis
Wiring Ohmic Loss Global array res. 513 mOhm Loss Fraction 1.5% atSTC
LID - Light Induced Degradation Loss Fraction 1.0 %
Module Quality Loss Loss Fraction -1.3%
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismaich loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(lfcosi-1) bo Param. 0.05
User's needs : Daily household consumers  Constant over the year
average 33.5 kWh/Day
WWWw.jmest.org
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Grid-Connected System: Main results

Project : ROOF_TOP_PV_POWER

Simulation variant : SUPERSTORE _1

Main system parameters System type Grid-Connected

PV Field Orientation tit 8° azimuth 0*

PV modules Model NU-RD 300 Pnom 300 Wp

PV Array Nb. of modules 10 Pnom total 3000 Wp

Inverter Model PV-3000N-V Pnom 3000 W ac

User's needs Daily household consumers  Constant over the year Global 12.21 MWh/year

Main simulation results

System Production Produced Energy 4305 kWhiyear Specific prod. 1435 kWh/xWp/year
Performance Ratio PR  82.84 % Solar Fraction SF 34.57 %

Nomalized productions (per installed kWp): Nominal power 1000 Wp Performance Ratio PR

r T T T T T T T T T T
i PR Parformance Rato (V11 Yr): Q8

dan Feb Ma Ax My Jn Ml Aug Sep Oot New  Dee

dan Fab Me A My A M Ay BSep O New  Duee

Figure 7 The section of the main simulation results of the PV system

EffAnR EffAnC
% %
January 15.58 17.84
February 15.53 17.80
March 15.60 17.87
April 15.59 17.86
May 1571 18.00
June 15.76 18.06
July 15.88 18.20
August 16.09 18.43
September 15.83 18.14
October 15.65 17.93
November 15.72 18.00
December 15.68 17.96
Year 15.70 17.93
Figure 8 The operating efficiency of the PV modules
4 CONCLUSION
The sizing of the components of the rooftop PV solar power 1. Gustavsson, L., Haus, S., Lundblad, M.,

installation on a superstore in Akwa Ibom state in Nigeria is
presented. The focus was selecting the appropriate PV array

Lundstrom, A., Ortiz, C. A., Sathre, R., ... &
Wikberg, P. E. (2017). Climate change effects

size that will fit on the rooftop of the case study superstore
and to determine the total energy generated, the solar
fraction, and the operating efficiency of the PV modules, as

of forestry and substitution of carbon-intensive
materials and fossil fuels. Renewable and
Sustainable Energy Reviews, 67, 612-624.

well as the solar fraction and performance ratio. The 2. Lelieveld, J., Klingmiller, K., Pozzer, A,
analysis as implemented on PV Syst solar power simulation Burnett, R. T., Haines, A., & Ramanathan, V.
software. (2019). Effects of fossil fuel and total
anthropogenic emission removal on public
health and climate. Proceedings of the
REFERENCES National Academy of Sciences, 116(15),
7192-7197.
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