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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 𝒎𝟐,  the load demand 
was 33460 Wh per day and the horizontal global 
irradiation at the site was 1717.2 kWh. 𝒎𝟐  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 𝒎𝟐 and array cell area of 14.4 𝒎𝟐. 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 was 17.99 % with respect to 
cell area which is different from the quoted value 
of  21.12 % 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. 

Keywords— Grid-Connected, PVSyst software, 
PV Array, Irradiance, Roof-Top Solar Power 

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 
sources [1,2, 3,4, 5,6,7,8,9,10,11,12,13]. While there are 
many options, in Nigeria, the most popular clean energy 
source in the solar of which photovoltaic option is the 
most dominant [14,15,16,17,18,19,202,21,22,23,24]. In 

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 (A୔୚୘ሻ is determined from 
the available roof area ሺ𝐴ோி஺ሻ after applying the various 
reduction factors, namelyr୤୪ୟ୲  (flat roof reduction factor, 
r୤୪ୟ୲   = 1), r୮ୣୟ୩  (peaked roof reduction factor usually, 
r୮ୣୟ୩    = 0.5), f୭  (roof inclination reduction factor), fୱ  
(unused and shaded roof area reduction factor roof area, 
typically, 0.3 ൑  fୱ ≤0.9), f୤୪ୟ୲   (flat roof fraction)  and 
f୮ୣୟ୩ (peaked roof  fraction ). Then 

𝐴௉௏் ൌ  ሺ𝑓௢ሻሺ𝑓௦ሻሺ𝐴்ோிሻ   (1) 

Where,  

f୭ ൌ  ሺf୤୪ୟ୲ሻሺr୤୪ୟ୲ሻ + ൫f୮ୣୟ୩൯൫r୮ୣୟ୩൯ (2) 



JM

Th
the

𝛽

R
th
te
irr
st
af
pa

Wh
mo

Th
giv

W
te
te
am
D
0.
𝐸௅
da

He
eff

 

3 R

MESTN423541

e tilt angle, 𝛽
e PV module i

𝛽௢௣௧ ൌ 3.7 + 0

Where 

esearches hav
he PV mod
emperature  ሺ𝑇
radiance (G ) 
andard  test 
ffect the cell 
aper using the

𝑇௖௘௟௟ ൌ 𝑇௔

here the therm
ount PV are; U

e de-rating f
ven as: 

f୲ୣ୫୮= 

Where Tୗ୘େ   
emperature in
emperature co
mbient temper

DC to AC de-r
8. Then , if ɳ

௅  is the daily
aily global sol

 A୔୚୘  ൌ  

ence, the daily
fective roof are

𝐸௅  ൌ  𝐴௣௩ ሺ𝐺

RESULTS AN

112 

𝛽௢௣௧  for optim
is calculated a

0.69|𝜑| 

𝜑  is denotes 

ve shown the 
dule output. 
𝑇௔ሻ , the abso

incident on t
condition mo
temperature 

e Faiman PV t

൅ ቀ
ఈሺீሻሺଵିɳು

௎బ ା௎భ ሺ௏ೢ

mal loss fact
Uo =15, U1= 0

factor due to 

1 - (  γ୮୴

is the Stan
n degrees C

oefficient of th
rature.  Simila
rate factor wh

ɳ௣௩ is the ope
y load demand
lar on the PV 

ாಽ

൫ீ೏ ∗ ɳ೛ೡ∗௙೏೎/ೌ೎

y load that c
ea, A୔୚୘ is giv

𝐺ௗ  ∗  ɳ௣௩ ∗ 𝑓ௗ

ND DISCUSS

Fig

mal solar radi
as follows; 

  

the site latitud

cell temperat
Furthermore

orption coeff
the PV modu
odule efficien
 which is de
emperature m

ುೇೄ೅಴ሻ

ೢ೔೙೏ ሻ
ቁ  

tor values ado
0.    

 cell temper

୴  * (Tୟ-  Tୗ୘େ

 

ndard Test 
Celsius,   
he PV modul
arly, 𝑓ௗ௖/௔௖ de
here its value 
rating PV mo

d  and 𝐺ௗ deno
module plane

೎∗୤౪౛ౣ౦൯
  

can be satisfi
ven as; 

ௗ௖/௔௖ ∗ f୲ୣ୫୮ሻ 

SION 

gure 1 The de

w

ation capture

 

de.  

ture ሺ𝑇௖௘௟௟ሻ aff
e, the ambi
ficient ( α ), 
ule plane and 
ncy (ɳ୔୚ୗ୘େ ) 
etermined in 

model, where;

 

opted close r

rature ൫𝑓௧௘௠௣൯

)) 

Conditions 
𝛾௣௩  dentes 
le,  and Tୟ is 
enotes the ove

is usually ab
odule efficienc
otes the  aver

e, then; 

 

 

ed by the gi

   

tails of the me

Journal 

www.jmest.or

e on 

 (3) 

ffect 
ient 
the 
the 
all 

this 

(6) 

roof 

൯  is 

 (9) 

cell 
the 
the 

erall 
bout 
cy , 
rage 

(7) 

iven 

(8) 

Th
PV
the
sof
irra
2. 
sho
334
eff
stu
sel
for

 

Th
mo
Wp
PV
in 
tec
PV
sho
are
mo
18
in 

Th
in 
mo
are

Th
is g
tot
rat
op
8 w
arr
% 
quo
op
res
val

eteorological 

of Multidisciplin

rg 

he detail PV 
VSyst software
e PV installa
ftware is sho
adiation at the
The load dem
own in Figure
460 Wh per d
fective rooftop
udy superstore
lected does no
r pathways aro

he selected PV
odel PV modu
p 26V rated S

V module basi
Figure 3, th

chnology is sh
V module opt
own in Figure
ea,  1.435 𝑚ଶ

odule has  21
.44 % efficien
Figure 3 and F

he simulation p
Figure 6.  A

odules are req
ea of 16.4 𝑚ଶ

he section of th
given in Figur
tal energy prod
tio of 82.84 
erating efficie
which shows 
ray , the opera

with respect
oted value of
erating efficie
spect to modu
lue of 18.44 %

data for the PV

nary Engineerin

power analy
e. The details 
ation site, as 
own in Figu
e site is 1717

mand profile o
e 2 which sho
day, approxim
p area for PV
e was about 
ot exceed 18 𝑚
ound the PV a

V module for 
ule manufactu
Si-mono PV m
ic parameters 
he definition 
hown in Figure
timization, ef
e 5. The PV 
 cell area, as 
.12 % efficie
ncy with resp
Figure 5. 

parameters of 
According to 
uired and this
and array cell

he main simul
re 7 which sho
duction of 430
% and sola

ency of the PV
that due to s

ating efficienc
to cell area 

f  21.12 % on
ency of the P
ule area which
% on the PV d

V installation 

ng Science and T

Vol. 7 Issue 

ysis was imp
of the meteor

s captured us
ure 1. The h
7.2 kWh.𝒎𝟐 p
of the case stu
ows a daily en

mately, 33.5 k
V array install

18 𝑚ଶ . Henc
𝑚ଶ and some 
arrays. 

the system is
ured by Sharp
module. The 
and rated eff
of the PV m

re 4, while the
fficiency vers
module has 
shown in Fig

ency with resp
pect to modul

f the PV powe
Figure 6, a 

s gave a total 
l area of 14.4 

lation results 
ows that the p
05 kWh/year,

ar fraction of
V modules are
site specific 
cy of the PV 
a which is di
n the PV dat

PV modules i
h is different 

datasheet. 

 

n site 

Technology (JME
ISSN: 2458-9

12, December - 2

15

plemented us
rological data
sing the PVS
horizontal glo
per month. Fig
udy superstor
nergy demand
Wh per day. 
lation at the c
ce, the PV ar
rooms are gi

 the NU-RD 
p and it is a 
definition of 

ficiency is sho
module size 
e definition of
sus irradiance
1.643 𝑚ଶ mod
gure 4. Also, 
pect to cell a
le area, as sho

er system is gi
total of 10 

PV array mod
𝑚ଶ. 

of the PV sys
power system 
, the performa
f 32.57 %. 
e shown in Fig
losses in the 
modules is 17
ifferent from 
tasheet. Also, 
is 15.70 %  w

from the quo

 

EST) 
9403 
2020 

640 

sing 
a for 
Syst 
obal 
gure 
re is 
d of  
The 
case 
rray 
iven 

300 
300 

f the 
own 
and 

f the 
e is 
dule 
the 

area, 
own 

iven 
PV 

dule 

stem 
has 

ance 
The 
gure 

PV 
7.99 

the 
the 

with 
oted 



JMMESTN423541112 

Figure 2 Th

w

he load deman

Journal 

www.jmest.or

 

 

nd profile of 

of Multidisciplin

rg 

the case stud

nary Engineerin

dy superstore 

ng Science and T

Vol. 7 Issue 

Technology (JME
ISSN: 2458-9

12, December - 2

15

EST) 
9403 
2020 

641 



JMMESTN423541112 

Figure 33 The definiti

w

ion of the PV

Journal 

www.jmest.or

V module basi

 

of Multidisciplin

rg 

ic parameters

nary Engineerin

s and rated e

ng Science and T

Vol. 7 Issue 

efficiency 

Technology (JME
ISSN: 2458-9

12, December - 2

15

 

EST) 
9403 
2020 

642 



JMMESTN423541112 

Figure 4 Th

w

he definition o

Journal 

www.jmest.or

of the PV mo

 

 

of Multidisciplin

rg 

odule size and

nary Engineerin

d technology 

ng Science and T

Vol. 7 Issue 

Technology (JME
ISSN: 2458-9

12, December - 2

15

 

EST) 
9403 
2020 

643 



JMMESTN423541112 

Figure 5 TThe definition

w

n of the PV m

Journal 

www.jmest.or

 

module optim

 

 

 

 

 

 

of Multidisciplin

rg 

mization, effici

nary Engineerin

iency versus i

ng Science and T

Vol. 7 Issue 

irradiance 

Technology (JME
ISSN: 2458-9

12, December - 2

15

 

EST) 
9403 
2020 

644 



JMMESTN423541112 
w

Journal 

www.jmest.or

of Multidisciplin

rg 

nary Engineerinng Science and T

Vol. 7 Issue 

Technology (JME
ISSN: 2458-9

12, December - 2

15

 

EST) 
9403 
2020 

645 



JM

4 C

Th
ins
pre
siz
and
fra
we
ana
sof

 

RE

MESTN423541

CONCLUSIO

e sizing of the
stallation on a 
esented. The f
e that will fit 
d to determin
ction, and the

ell as the so
alysis as impl
ftware.  

EFERENCES

112 

Fi

ON 

e components 
superstore in 

focus was sele
on the roofto
ne the total 

e operating eff
olar fraction 
emented on P

S 

igure 7 The se

Figure 

of the rooftop
Akwa Ibom s

ecting the appr
op of the case 

energy gene
ficiency of the
and perform

PVSyst solar p

w

ection of the 

8 The operat

p PV solar pow
state in Nigeri
ropriate PV ar
study superst

erated, the so
e PV modules

mance ratio. T
power simulat

Journal 

www.jmest.or

main simulat

 

ting efficienc

wer 
ia is 
rray 
tore 
olar 
s, as 
The 
tion 

of Multidisciplin

rg 

tion results o

cy of the PV m

1. Gustav
Lundst
Wikbe
of fore
materia
Sustain

2. Lelieve
Burnet
(2019)
anthro
health 
Nation
7192-7

nary Engineerin

f the PV syste

modules 

vsson, L., 
tröm, A., Or
rg, P. E. (20
stry and sub
als and fos
nable Energy
eld, J., Klin
tt, R. T., Hai
. Effects 
pogenic em

and clim
al Academ

7197. 

ng Science and T

Vol. 7 Issue 

 

tem 

 

Haus, S., 
rtiz, C. A., S
17). Climate

bstitution of c
ssil fuels. R

gy Reviews, 6
ngmüller, K
ines, A., & R
of fossil f

mission remo
mate. Procee
my of Sci

Technology (JME
ISSN: 2458-9

12, December - 2

15

Lundblad, 
Sathre, R., ..
e change effe
carbon-intens
Renewable a
67, 612-624.

K., Pozzer, 
Ramanathan
fuel and to
oval on pu
dings of 
iences, 116(1

EST) 
9403 
2020 

646 

M., 
.. & 
ects 
sive 
and 

A., 
, V. 
otal 
blic 
the 

15), 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 7 Issue 12, December - 2020 

www.jmest.org 
JMESTN42354112 15647 

3. Nicoletti, G., Arcuri, N., Nicoletti, G., & Bruno, 
R. (2015). A technical and environmental 
comparison between hydrogen and some 
fossil fuels. Energy Conversion and 
Management, 89, 205-213. 

4. Green, F. (2018). Anti-fossil fuel 
norms. Climatic Change, 150(1), 103-116. 

5. Zhang, N., Kong, F., Choi, Y., & Zhou, P. 
(2014). The effect of size-control policy on 
unified energy and carbon efficiency for 
Chinese fossil fuel power plants. Energy 
policy, 70, 193-200. 

6. Martins, F., Felgueiras, C., Smitkova, M., & 
Caetano, N. (2019). Analysis of fossil fuel 
energy consumption and environmental 
impacts in European 
countries. Energies, 12(6), 964. 

7. Kaabeche, A., & Ibtiouen, R. (2014). Techno-
economic optimization of hybrid 
photovoltaic/wind/diesel/battery generation in 
a stand-alone power system. Solar 
Energy, 103, 171-182. 

8. Hasanuzzaman, M., Zubir, U. S., Ilham, N. I., 
& Seng Che, H. (2017). Global electricity 
demand, generation, grid system, and 
renewable energy polices: a review. Wiley 
Interdisciplinary Reviews: Energy and 
Environment, 6(3), e222.  

9. Üney, M. Ş., & Çetinkaya, N. (2014, October). 
Comparison of CO2 emissions fossil fuel 
based energy generation plants and plants 
with Renewable Energy Source. 
In Proceedings of the 2014 6th International 
Conference on Electronics, Computers and 
Artificial Intelligence (ECAI) (pp. 29-34). IEEE. 

10. Üney, M. Ş., & Çetinkaya, N. (2014, October). 
Comparison of CO2 emissions fossil fuel 
based energy generation plants and plants 
with Renewable Energy Source. 
In Proceedings of the 2014 6th International 
Conference on Electronics, Computers and 
Artificial Intelligence (ECAI) (pp. 29-34). IEEE. 

11. Owusu, P. A., & Asumadu-Sarkodie, S. 
(2016). A review of renewable energy 
sources, sustainability issues and climate 
change mitigation. Cogent Engineering, 3(1), 
1167990. 

12. Vidadili, N., Suleymanov, E., Bulut, C., & 
Mahmudlu, C. (2017). Transition to renewable 
energy and sustainable energy development 
in Azerbaijan. Renewable and Sustainable 
Energy Reviews, 80, 1153-1161. 

13. Kear, G., Shah, A. A., & Walsh, F. C. (2012). 
Development of the all-vanadium redox flow 
battery for energy storage: a review of 
technological, financial and policy 
aspects. International journal of energy 
research, 36(11), 1105-1120. 

14. Kumar, R., & Singh, S. K. (2018). Solar 
photovoltaic modeling and simulation: As a 
renewable energy solution. Energy 
Reports, 4, 701-712. 

15. Qazi, A., Hussain, F., Rahim, N. A., Hardaker, 
G., Alghazzawi, D., Shaban, K., & Haruna, K. 
(2019). Towards sustainable energy: a 
systematic review of renewable energy 
sources, technologies, and public 
opinions. IEEE access, 7, 63837-63851. 

16. Sampaio, P. G. V., & González, M. O. A. 
(2017). Photovoltaic solar energy: Conceptual 
framework. Renewable and Sustainable 
Energy Reviews, 74, 590-601. 

17. Bhandari, B., Lee, K. T., Lee, C. S., Song, C. 
K., Maskey, R. K., & Ahn, S. H. (2014). A 
novel off-grid hybrid power system comprised 
of solar photovoltaic, wind, and hydro energy 
sources. Applied Energy, 133, 236-242. 

18. Ohunakin, O. S. (2010). Energy utilization and 
renewable energy sources in Nigeria. Journal 
of Engineering and Applied Sciences, 5(2), 
171-177. 

19. Blaabjerg, F., & Ionel, D. M. (2015). 
Renewable energy devices and systems–
state-of-the-art technology, research and 
development, challenges and future 
trends. Electric Power Components and 
Systems, 43(12), 1319-1328. 

20. Asdrubali, F., Baldinelli, G., D’Alessandro, F., 
& Scrucca, F. (2015). Life cycle assessment 
of electricity production from renewable 
energies: Review and results 
harmonization. Renewable and Sustainable 
Energy Reviews, 42, 1113-1122. 

21. Neves, D., Silva, C. A., & Connors, S. (2014). 
Design and implementation of hybrid 
renewable energy systems on micro-
communities: A review on case 
studies. Renewable and Sustainable Energy 
Reviews, 31, 935-946. 

22. Sandhu, M., & Thakur, T. (2014). Issues, 
challenges, causes, impacts and utilization of 
renewable energy sources-grid 
integration. International Journal of 
Engineering Research and Applications, 4(3), 
636-643. 

23. Ludin, N. A., Mustafa, N. I., Hanafiah, M. M., 
Ibrahim, M. A., Teridi, M. A. M., Sepeai, S., ... 
& Sopian, K. (2018). Prospects of life cycle 
assessment of renewable energy from solar 
photovoltaic technologies: a 
review. Renewable and Sustainable Energy 
Reviews, 96, 11-28. 

24. Wan, C., Zhao, J., Song, Y., Xu, Z., Lin, J., & 
Hu, Z. (2015). Photovoltaic and solar power 
forecasting for smart grid energy 
management. CSEE Journal of Power and 
Energy Systems, 1(4), 38-46. 

25. Sampaio, P. G. V., & González, M. O. A. 
(2017). Photovoltaic solar energy: Conceptual 
framework. Renewable and Sustainable 
Energy Reviews, 74, 590-601. 

26. Zheng, H., Li, S., Challoo, R., & Proano, J. 
(2014). Shading and bypass diode impacts to 
energy extraction of PV arrays under different 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 7 Issue 12, December - 2020 

www.jmest.org 
JMESTN42354112 15648 

converter configurations. Renewable 
Energy, 68, 58-66. 

27. Mehrjerdi, H. (2019). Off-grid solar powered 
charging station for electric and hydrogen 
vehicles including fuel cell and hydrogen 
storage. International journal of hydrogen 
Energy, 44(23), 11574-11583. 

28. Guney, M. S. (2016). Solar power and 
application methods. Renewable and 
Sustainable Energy Reviews, 57, 776-785. 

29. Lazaroiu, G. C., Longo, M., Roscia, M., & 
Pagano, M. (2015). Comparative analysis of 
fixed and sun tracking low power PV systems 
considering energy consumption. Energy 
Conversion and Management, 92, 143-148. 

30. Patil, V. R., Biradar, V. I., Shreyas, R., Garg, 
P., Orosz, M. S., & Thirumalai, N. C. (2017). 
Techno-economic comparison of solar 
organic Rankine cycle (ORC) and 
photovoltaic (PV) systems with energy 
storage. Renewable Energy, 113, 1250-1260. 

31. Osma-Pinto, G., & Ordóñez-Plata, G. (2019). 
Measuring factors influencing performance of 
rooftop PV panels in warm tropical 
climates. Solar Energy, 185, 112-123. 

32. Korsavi, S. S., Zomorodian, Z. S., & 
Tahsildoost, M. (2018). Energy and economic 
performance of rooftop PV panels in the hot 
and dry climate of Iran. Journal of Cleaner 
Production, 174, 1204-1214. 

33. Kappagantu, R., Daniel, S. A., & Venkatesh, 
M. (2015). Analysis of rooftop solar PV 
system implementation barrier in Puducherry 
Smart Grid Pilot Project. Procedia 
Technology, 21, 490-497. 

34. Corcelli, F., Fiorentino, G., Petit-Boix, A., 
Rieradevall, J., & Gabarrell, X. (2019). 
Transforming rooftops into productive urban 
spaces in the Mediterranean. An LCA 
comparison of agri-urban production and 
photovoltaic energy generation. Resources, 
conservation and recycling, 144, 321-336. 

35. Miranda, R. F., Szklo, A., & Schaeffer, R. 
(2015). Technical-economic potential of PV 
systems on Brazilian rooftops. Renewable 
Energy, 75, 694-713. 

36. Cubi, E., Zibin, N. F., Thompson, S. J., & 
Bergerson, J. (2016). Sustainability of rooftop 
technologies in cold climates: Comparative 
life cycle assessment of white roofs, green 
roofs, and photovoltaic panels. Journal of 
Industrial Ecology, 20(2), 249-262. 

 


