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Abstract— In this work, techno-economic
evaluation of grid-connected 10 kW solar
photovoltaic (PV) power system for a household
in Rivers State is presented. The solar PV
installation site is located at latitude of 4.5 °N ,
longitude of 7.0° E and altitude of 15 m and the
site has 1489.9 kWh/m”*2 total global solar
irradiation on the horizontal plane in a year. The
solar power system consist of 76 units of 285 Wp
Si-poly PV modules and 15 kW Siemens inverter.
The technical analysis results show that the total
energy yeild for a year is 22604 kWh, the total
load demand for a year is 83957 kWh, the total
energy supplied to the user for a year is 21298
kWh, the total energy supplied to the grid for a
year is 1305.7 kWh and the mean solar fraction
for a year 0.269. this means that means that 26.9
% of the energy supplied to the load is supplied
from the solar power while 73.1 5 are suplied from
the grid. According to the economic analysis, the
PV module cost is 850 Naira per Wp power while
the inverter cost is 880 Naira per Wp power. Also,
22 % tax is adopted with 25 years life cycle time.
The results show that the unit cost of the energy
is 261 Naira per kWh while the total yearly cost of
the energy is 5,906,039 Naira.
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1. INTRODUCTION

In recent years, there has been increasing adoption of solar
power system across Nigeria [1.2]. This has been
occasioned by the poor power supply from the grid [3,4,5]
and the fact that a good number of Nigerians do not have
access to the grid [6,7]. However, nowadays, the need for
affordable clean solar energy is driving researchers and
designers to carefully select the system components in the
design of solar power system [8,9]. Accordingly, in this
work, PVSyst simulation software is used to conduct a
technical and economic analysis of a grid connected solar
power system [10,11,12].

Notably, the technical analysis is used to select the system
components sizes and also to determine the energy yield,
energy consumptions, losses and other performance
parameters [13,14] while the economic analysis is used to
determine the cost of implementation and maintenance of
the system and also to determine the unit cost of the energy
[15,16,17. The details of the technical and economic
analysis are performed using PVsyst software.

2. METHODOLOGY

The focus in this work is to evaluate a grid-connected solar
PV system designed for a household in Rivers State
Nigeria. The geo-location of the solar PV installation site
for the extraction of the meteorological dataset is latitude
4.5 °N, longitude 7.0° E and altitude of 15 m, as shown in
Figure 1. The geo-location data are used to PVSyst
software meteorological data download tool to download
the global solar irradiation on the horizontal plane and the
ambient temperature from NASA weather data portal. The
downloaded monthly mean of the meteorological data of
the solar PV installation site is shown in Figure 2.The
dataset shows that the annual mean ambient temperature is
26.14 °C while the total of the monthly mean global solar
irradiation on the horizontal plane in a year is 1489.9
kWh/m”2. The optimal tilt angle for the PV array and the
corresponding transposition factor are determined using the
PVSyst PV orientation tool. According to the PVsyst
software, the optimal tilt angle for the PV array at
installation site is 15 © with a transposition factor of 1.02, as
shown in Figure 3. That means the irradiation hitting the
PV array on the optimal tilt angle is about 102% of the one
on the horizontal plane ( which amounts to total of the
monthly mean global solar irradiation on the tilted plane
as 1,519.698 1489.9 kWh/m"2).

The schematic diagram of the grid-connected solar (GCS)
power system is shown in Figure 4. According to the
schematic diagram, the main components of the GCS power
system are the electrical load, the inverter and the PV array.
The electrical load is captured as the daily load demand in
Figure 5 and it consists of a constant 10 kW power that runs
for 24 hours every day and this amounts to 240 kWh energy
demand per day or average energy demand of 7200
kWh.month.
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Figure 1 The geo-location of the solar PV installation site for the extraction of the meteorological dataset
¥ Meteo File Port_Harcourt_SYN.MET, Monthly accumulations - O X
Close Print Export
Meteo for Port Harcourt. Synthetic data
Interval beginning GlobHor T Amb
kwh/reé. mth C

January 130.2 26.20
February 125.0 27.60
March 1399 26.80
April 1345 26.90
May 136.9 26.90
June 1159 25.50
July 108.6 25.50
August 107.1 2510
September 1181 25.30
October 122.0 25.70
MNovember 1209 26.10
December 130.8 26.20
Year 148399 26.14

Figure 1 The meteorological data of the solar PV installation site
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Figure 3 The visualization of optimal tilt angle for the PV array and the corresponding transposition factor
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Figure 4 The schematic diagram of the grid-connected solar power system
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Figure 5 The daily load demand profile for the GCS power system

3. RESULTS AND DISCUSSION

The design and evaluation of the grid-connected solar
(GCS) power system is conducted using PVsyst software.
The sizing of the PV array and inverter are conducted using
the PVSyst’s system components selection dialogue
window, as shown in Figure 6. According to the PVsyst
dialogue window in Figure 6, the 15 kW Siemens inverter,

model Sinvert 20 is used and its details are presented in
Figure 7. In addition, from the PVsyst dialogue window in
Figure 6, the 285 Wp Si-poly PV module manufactured by
ASE with model number as ASE-300-DG-FT- (285) 17 is
used and its details are presented in Figure 8. In all, a total
of 76 PV modules are used whereby 38 PV modules are
connected in series and there are two sets of such 38 PV
modules that are connected in parallel, as shown in Figure 8
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Figure 6 The PVSyst’s system components selection dialogue window for the GCS power system

WWWw.imjst.org
IMJISTP29120993 7026



International Multilingual Journal of Science and Technology (IMJST)
ISSN: 2528-9810
Vol. 9 Issue 1, January - 2024

| S Grid inverter definition

Model |Sinvert 20

File name  |Sinvert_20.0ND

—Input side (DC P¥ field)

Minimum MPP Voltage 450 v
Min. Voltage for PNom 450 v
Nominal MPP Vcaltage N /&, W
Maximum MPP Voltage 750 v
Absolute max. PV Voltage 900 v
Power Threshold IW W

Contractual specifications, without

Main parameter I Secondary parameter | Efficiency curve | Sizes | Commercial |

_ O P4
Manufacturer |Siemens
Data source iPhomn Mag. 2006
Dutput side [AC gnid

Type 1 Frequency
¢~ Monophased ¥ S0Hz
* Triphased

v B0Hz
" Biphased ~ J
Grid Voltage Ilﬂl] v
Nominal AC Power 15.0 kw

Maximum AC Power

]‘I?.D Kw
|22.0 AT
IZS_U AT

Nominal AC current

M axinmum AC current

real physical meaning ll Required
) Efficiency
Nominal PV Power |1I 6.0 kw Maximum eflficiency 95.0 %
M aximum PV Power |1B_D KW [ EURO efficiency 92.7 % ? |
Maxdmum PV Current N/& SN | [~ Efficiency defined for 3 voltages
[ Copy to table | % Print X Cancel E & OK ;

Figure 7 The details of the 15 kW Siemens inverter, model Sinvert 20 used in the GCS power system design
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Figure 8 The details of the 285 Wp Si-poly PV module manufactured by ASE with model number as ASE-300-DG-FT- (285)

The main results on the technical evaluation of the GCS
power system  are presented in Figure 9 and the results
show the monthly available solar energy yeild (E Avail),
the energy demand of the load (E Load), the energy
supplied to the load or user (E User), the energy supplied to
the grid (E Grid and the solar fraction (SolFrac) which is
the fraction of the load demand that is supplied from the

17

soalr power. According to the results, the total E Avail for
a year is 22604 kWh, the total E Load for a year is 83957
kWh, the total E User for a year is 21298 kWh, the total E
Grid for a year is 1305.7 kWh and the mean SolFrac for a
year 0.269. Essentially, solar fraction is the ratio of E User
to E Load (21298/83957 = 0.253677478) and E avail is the
susm of E user and E Grid, that is 21298 + 1305.7 =
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22603.7 kWh. Also, solar fraction of 0.269 means that 26.9
% of the energy supplied to the load is supplied from the
solar power while 73.1 5 are suplied from the grid.

The key input dataset for the economic evaluation of the
GCS power system are presented in Figure 10 while the
main results on the economic evaluation are presented in
Figure 111. According to the economic analysis input

dataset in Figure 10, the cost of the PV module is 850 Naira
per Wp power while the inverter cost is 880 Naira per Wp
power. Also, 22 % tax is adopted with 25 years life cycle
time. The results show that the unit cost of the energy is
261 Naira per kWh. Meanwhile, the energy used by the
load is 21.3 MWh per year while the energy sold to the grid
is 1.3 MWh per year. The total yearly cost of the energy is
5,906,039 Naira.

- O X

i % Simulation variant: New simulation variant
i Close Print Export Help
|
: New simulation variant
! Energy use and User's needs
|
l E Avail E Load E User E Gridl SolFrac
kKwh kWh kwh kKwh
January 2072 7131 1916 156.3 0291
February 1929 6441 1798 130.8 0239
I March 2123 7131 1953 170.1 0298
I April 1388 6301 1859 1281 0288
[|May 13983 713 1934 54.8 0279
||June 1678 6901 1650 28.0 0243
| July 1566 7131 1526 39.7 0220
| | August 1567 7131 1514 52.9 0220
| | September 1793 63901 1693 99.9 0260
| | October 1889 7131 1782 106.6 0265
' | November 1898 6301 1765 1328 0275
' [December 2112 7131 1907 204.7 0296
| |Year 22604 83957 21298 1305.7 0.269

Figure 9 The main results on the technical evaluation of the GCS power system
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Figure 10 The key input dataset for the economic evaluation of the GCS power system
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68229000 Naira

Financing
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Figure 11 The main results on the economic evaluation of the GCS power system

4. CONCLUSION

Techno economic evaluation of a grid connected solar
power system is conducted using PVSyst simulation
software. The work involved sizing of the PV array and the
inverter, and also to determine the lifecycle cost of the

system based on the prevailing cost of the components. The
system is designed based on solar radiation data of a site in
River State and with a constant 10 kW daily load demand.
In all, the results obtained from the simulation show that
unit cost of energy is less than 300 Naira per kWh.
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