International Journal of Research and Innovation in Applied Science (IJRIAS) |Volume VII, Issue IV, April 2022 |ISSN 2454-6194

Improving Power Availability of the National Power
System Using Solar-Based Enhanced Distributed
Generation Technology

Ofure Imomon*, James Eke?, Linus Anih®, Dorathy Abonyi*

L24Enugu State University of Science and Technology, Nigeria
$University of Nigeria, Nsukka

Abstract: In this paper, the method for connecting a solar-based
enhanced distributed generation technology to the national
utility grid was developed, which is expected to improve the poor
state of electric power supply in Nigeria. All countries in the
world need an available power supply to improve its economy.
The power sector is an important sector that requires good
funding for the constant availability of electricity for its citizens.
Nigeria has not yet met the population requirement as far as
power availability is concerned. The utilization of solar
photovoltaic generated electricity will improve the nation’s
power supply and ensure power availability in the country. The
study aims to improve the power availability of the national
power system using solar-based enhanced distributed generation
technology. The photovoltaic system generated 250MW solar
power which was injected into the national utility grid. The
250MW was gotten from five locations in the country as each
location generated 50MW to the national utility grid. The
performance of power output from the photovoltaic array as well
as the power output from the inverter into the grid and losses
that arose from the solar photovoltaic system was analysed. The
simulation carried out in this work was done with PVsys and
AutoCAD software. From the analysis done using PVsys
software, to analyse the annual performance of the photovoltaic
system for the five locations, the system gave a percentage
performance of 79.1percent for the photovoltaic system and the
total energy the arrays will inject into the grid annually is
387.765GWh.
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I INTRODUCTION

Reliable electricity generation is paramount to every
country as renewable energy is widely utilized for the
generation of electricity. The development of renewable
energy such as hydro, wind, solar, etc. to generate electricity
in the past decade is enormous in many countries of the world.
Reference[13] researched specialized solar energy
capabilities in Nigeria looking at a 5% transformation
productivity of the device put at valuable energy worth 15.0 x
10" kJ yearly. It can be said to be oil which amounts to
relatively 258.62 million barrels yearly, this compares to the
country's public non-renewable energy source creation yearly.
About 4.2x10°GW/h will similarly be added to the electricity
generation every year, as a result, bringing about electricity
creation multiple times the new yearly production in the

country to 16,000GW/h. This investigation has been done for
quite a while; with the increment in the dollars to naira trade,
this time we can reason that the circumstance of generation of
power is more terrible right now. In their work, [2] show that
Nigeria gets bountiful solar energy that can be usefully
harnessed with a yearly average of about 5.25kWh/m?/day
worth of solar radiation. This brings about a difference of
3.5kWh/m%day experienced around the southern regions and
in the northern area a 7kWh/m?/day. These results in a yearly
average power from solar energy of 1,934.5kW/ m?/year;
along these lines, in Nigeria the solar energy that falls on its
surface throughout the span annually is an average of about
6,372,613PJ/year (roughly 1,770TW h/year). From this
analysis, it is about one hundred and twenty thousand times
the complete average yearly electrical energy that the
Generating Company of Nigeria (GenCos) creates. This gives
rise to a ten percent moderate change in productivity, based on
the Energy Commission of Nigeria's (ECN) expectations of
the final energy demand in the year 2030 for Nigeria the
accessible resource of solar energy is about twenty-three times
[6]. To improve the formative pattern in the country, there is a
need to help the current questionable power sector with a
manageable wellspring of power supply through solar energy.

Il METHODOLOGY
A. Materials Utilized

The materials utilized for the generation of a 250MW grid-
connected photovoltaic array system are as follows:

i. Solar photovoltaic array

ii. Inverter with maximum power point tracker
iii. Battery Energy Storage System (BESS)

iv. Step-up transformers

The solar photovoltaic array used for the 250MW (for the 5
locations) was 603,680 solar modules of 415W; it was divided
into 20 blocks which had 980tables. There are 980 inverters
connected to the 603,680 solar modules. Each inverter of
250kW was connected to a table of the solar module. The
250MW solar power was divided into five locations with each
location giving 50MWp of solar. The battery energy was
needed to back up the power in the case of the night hours or
when there is poor sunlight; the average sunlight for good
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energy for solar power generation in Nigeria is approximately
eight hours.

Therefore the batteries must deliver electrical energy to
supply the loads for approximately 16 hours; 24 — 8 = 16hours

In one location the battery should be able to store 50MWh of
battery. The total battery size needed is 50MW * 16 =
800MWh

The required size of the battery must be at least 800MWh to
deliver the power of 50MW for 16 hours.

There are two batteries of 250kWh that were connected to
each inverter, since there are 196 inverters per location the
total batteries are 392. The total battery capacity for the grid is
0.98GWh/location. All locations have a total of 1,960
batteries giving a total of approximately 4.9GWh of battery
capacity. The Characterisation of the materials used is
explained fully in paper 1.

The step-up transformers were used to step up the voltage
from the solar module block. The step-up transformers have
ratings of 12.5MVA, 0.800kV/33kV. The total number of
step-up transformers for the five locations is 20units (5units
per location). The installation utilized 378 acres of land for
each location. The estimated cost of the Bill of Engineering
Measurement and Evaluation (BEME) is one trillion, four
hundred and twenty-three billion, nine hundred and ten
million naira (N1,423,910,000,000) only (detailed breakdown
in Paper 1).

B. Location and Solar Power Size Selection

To select the location for installation of solar modules some
factors needed to be considered which include the location’s
latitude, longitude, altitude, annual average temperature,
utility zone, interconnection distance to the utility grid etc. It
was also necessary to consider the installation across the
Northern and Southern states of the country where solar
power generation is possible. The location in Nigeria selected
for the solar power generation is FCT Abuja, Enugu State,
Oyo State, Kano State and Kaduna State. The five locations in
Nigeria where the solar PV systems were designed with the
information on their latitude, longitude, altitude and the
annual average temperatures are shown in table 1.

For the increase in the availability of electric power supply
across the country, which should be sustainable the 250MW
solar power was selected to be added to the national utility
grid. The solar generation was split into five locations due to
the number of solar modules involved to be installed for its
generation; as it took a total of 603,680 solar modules to
generate 250MW of solar power.
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Each state selected has a total of 50MW solar power
generation installed. To generate this power it utilized
120,736 solar modules to be installed in that location and it
will take about 378 acres of land.

C. 250MW Grid-Connected Photovoltaic Array System

The 250MW solar power was split into five locations so that
each location generates 50MW solar power. The sun shines on
the solar photovoltaic array which converts solar energy into
electrical energy. This electrical energy varies as the climate
condition changes so there was a need for balancing this
variable electrical energy to maintain constant power as well
as voltage at its output. This is the point the maximum power
point tracker (MPPT) comes into functionality. The voltage
and current from the MPPT were fed into Battery Energy
Storage System (BESS) as well as the inverter. The solar
charge controller is responsible for the charging and
discharging of the battery in the BESS, as charging of the
battery is eight hours and discharge of the battery is for
sixteen hours. The inverter converts the direct current and
voltage to alternating current and voltage which are then fed
into the step-up transformer to increase and balance the
voltage from the inverter output with that of the grid. The
output of the step-up transformer is then fed into the
132/33kV substation and then transferred to the national
utility grid. Figure 1 is a block diagram showing the process
of integration of solar power into the national utility grid.
Figure 2 shows a single block layout of the tables alongside
the block connected to the inverters as well as the BESS and
the 132/33kV substation. Table 2 presents the block
identification colour base on design while table 3 gives the
summary of the locations equipment with the quantity
required.

Table I. Latitude, Longitude, Altitude and Altitude and the annual average
temperature of some locations in Nigeria

Annual
Location Latitude Longitude AIE:;l;de Te'r?;\pl)i:zgjre(
OC)
Kabi in o 0
FCT Abuja 8.73°N 7.31°E 503 253
Onitsha
Agu Enugu 6.38°N 7.72°E 83 25.2
State
Gbalajobi
in Oyo 8.58°N 4.02°E 443 25.4
State
Maigarin
Damo in 11.90°N 8.32°E 452 253
Kano State
Rigwallo in
Kaduna 10.21°N 8.12°E 745 24.4
State
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Table Il. Block identification colour based on design

Solar photovoltaic array

W
Maximum Power Point
Tracker (MPPT)
W . .
Battery Energy > Inverter = Step up e 33'.{\. =|  National Utility
Storage System transformer substation Grid

Figure 1 Block diagram showing the process of integration of solar power into the national utility grid

Table I1l. Summary of location’s equipment with the quantity required

Block Block Identification Colour Equipment Quantlty 'Quantlt_y
Number (one Location) (five Locations)
Block 1 Red colour Tables 196 Units 980 Units
Block 2 Yellow colour Inverters 196 Units 980 Units
Block 3 Blue colour Step up transformers 4 Units 20 Units
Block 4 Green colour Blocks 4 20 Units

BESS 392 units 1960 units
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i Figure 2 Single block layout of the solar modules, tables, blocks connected to
RIS RE R R R the inverters as well as the BESS and the 132/33kV substation of a location
LI ELETELTE

A I11. DATA ANALYSIS

A. Additional 250MW solar PV system analysis

There is an additional 250MW injected into the national utility
grid. This additional solar power was supplied from five
locations with each location adding 50MW to the national
grid. Figure 3 shows a line diagram of the injection of solar
power into the grid through Enugu, Abuja, Kaduna, Kano and
Oyo states.
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Figure 3 250MW solar power addition to the national grid

In this paper, five locations were proposed for the installation
of 50MW power solar these locations are Onitsha-Agu in
Enugu state, Kabi in Federal Capital Territory (F.C.T),
Maigarin Damo in Kano state, Rigwallo in Kaduna state and
Gbalajobi in Oyo state. To analyse the performance of the
system for solar usage in the different locations will require
simulating software known as PVsys.

The parameters of the design described in the paper were the
input of the variant of the PVsys software. The performance
of the PV array for the eight hours of full solar production at
different locations as well as the output performance for a
year was analysed.

Tables 4 to 8 show the proposed grid-connected PV system
for the average of eight hours of generation during daylight
for the five locations. Figures 4 to 8 and figures 9 to 13 show
the performance ratio and the losses of the PV system in
different locations respectively.

Table IV. Proposed annual grid-connected PV system for the average eight
hours production of daylight for Kabi located in Federal Capital Territory

Abuja

GlobHor Diffor T_Amb Globlne GlobEff E_Grid PR

KWhim? KWhim? C kiWh/m? KWhm? GWh raio
January 1826 M2 285 0 179 8636 0778
February 1700 5345 730 1894 1854 7339 0775
March 1894 66.55 2663 1874 1826 73% 0782
April 1731 6899 2582 1821 471 6.008 0790
May 1674 6740 2651 1331 12715 5255 0790
June 1467 s 24581 1152 101 4540 0805
July 1401 T4 319 124 1075 454 0805
August 1324 81.89 2368 147 1108 4558 0812
September 1380 T961 2405 1283 1267 5232 0809
October 158.7 1251 83 166.7 163.0 6.655 079%
November 1740 5597 2459 wmT 2008 8039 0785
December 1804 5061 2597 2262 ma 8812 0778
Year 18528 8021 1524 19532 18001 1126 0790
Legends
GlobHor  Giobal harizontal iradiation Ehmay  Effective energy at the output of the amay
Diffor  Horizontal diffuse imadiation E Grid  Energy injected into grid
T_Amb  Ambient Temperature PR Performance Ratio

Glabine ~ Global incident in coll. plane
GlobEff  Effective Global, comr. for [AM and shadings
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Table V. Proposed grid-connected PV system for the average eight hours
production of daylight for Onitsha-Agu located in Enugu

GlobHor Difftor T_Amb Globlnc GlobEff Ehmay | E_Grid PR
Ki¥him? C KWhim? L G Gt fafio
January 1781 %21 ik w7 835 819 07
February 1607 2653 173 1694 6074 6714 07
March iy 64 1667 1622 6.767 6392 0
April 1315 2603 17 1332 5651 S487 (el
May 1631 583 1218 163 5007 4897 [
June 1362 U 188 107 48 448 08M
July 1283 H2 1030 %5 4298 4164
August 1212 ui 07 978 42 4094 0885
September 1257 Uy 1163 1135 4800 47% (0]
October ur U8 142 2 5,986 5809 0812
November 1833 2466 1736 1701 09 6389 07
December 1693 517 M5 1988 824 8008 074
Year 17958 L] 17553 17055 1886 6T 7%
Legends
GlobHor  Giobal horizontal imadiafion EAmay  Efiective energy at the oufput of e amay
Diffor  Horizon'al difluse imadiaion E_Gid  Energyinjected inlo grid
T Amo  Ambient Temperaiure PR Perfomiance Ratio

Giobinc  Globalincident in coll. plane
GiobEffl  Effecve Glofal, com. for 1AM and shadings

Table VI. Proposed grid-connected PV system for the average eight hours
production of daylight for Rigwallo located in Kaduna

GlobHor DiffHor T_Amb Globine GlobEff E_Grid PR
KWhim? G Whim? Whin? GWh
January 1783 2 8681
February 1730 1848 7621
March 198.1 1930 7665
April 1884 1864 6538
May 1838 1474 5564
Jung 1841 1213 5084
July 155.3 1244 5.030
August 1457 1269 5155
September 1536 7140 3 145.1 5817
October 1764 6548 BY 190.1 1578
November 1606 4850 2463 2174 8482
December 1770 4626 78 255 6835
Year 0743 T58.04 244 0834 817 82365
Legends
GlobHor  Global horizontal inadiafion EAmay  Effective energy al the output of the amay
Difffor  Honzontal diffuse imadiation E_Gid  Energyinjected into grid
T Amb  Ambient Temperature FR Performance Ratio

Globlnc  Global incident in coll. plane
GlobEff  Effective Global, corr_ for 1AM and shadings

Table VII. Proposed grid-connected PV system for the average eight hours of
production of daylight for Maigarin Damo located in Kano State

GlobHor DiffHor T_Amb Globine GlobEff EArray E_Grid PR

ke kiWhm? 'C Kihim? Kihim? Gith Gith rafio
January 1721 514 a0 2139 2098 8691 3441 0789
February 176.1 4584 44 024 1863 g.101 78M 0.778
March 2061 5180 2809 2096 2047 8312 a0 om
April 2007 5535 2818 1774 21 7083 647 0713
May 1975 2690 1504 1531 6440 6.252 0784
June (I 2500 1376 1315 5632 5466 0.795
July 1890 ny 1361 1304 5616 5449 0801
August 1600 28 1387 131 5710 5530 0.79
September 1859 48 1605 1560 6.593 6404 0.798
Qctober 1789 %78 1943 1900 7854 7629 0785
November 1895 %9 256 018 8255 8020 0780
December 1859 28 2138 2099 8672 3428 0.788
Year 1385 1538 BH n47 0414 8958 Mg 0.788
Legends
GlobHor  Global horizontal imadiation EAmay  Effective energy at the output of the amay
Diffor  Horizontal diffuse iradiation E Gid  Energy injected into grid
T Amb  Ambient Temperature PR Performance Ratio

Globlne  Global incident in coll. plane
GlobEff  Effective Global, corr. for IAM and shadings
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Table VI1I1. Proposed grid-connected PV system for the average eight hours

production of daylight for Gbalajobi located in Oyo state. Performance Ratio PR

GlobHor DifHor T_Amb Globinc GlobEff EAray E_Grid PR 12 | | | | | I | I |
KWhim? KWhim? °c KWhime KWh/m# GWh GWh ratio 11 - PR: Performance Ratio (Yf/¥r) : 0.791

January 1758 55.76 26.69 2131 2000 8.580 8338 0782 3

February 163.5 56.10 27.00 180.8 1769 7.260 7052 0.780 1o0E

March 186.6 6133 2647 1843 179.4 7419 7.205 0.782

April 1713 7296 25.90 1506 1457 6.151 5973 0.7%3 -

May 166.5 7078 25.60 1326 1270 5441 5281 0.7%7 =

June 1446 6278 475 1186 1065 4608 4468 0801 £

July 1206 7004 2388 106.2 1019 4456 4319 0813 ;

August 1225 7534 2383 105.6 1017 4418 4280 0810 P

September 1208 7222 2426 1218 1182 5087 4.906 0.806 H

October 1516 62,85 2459 158.1 1548 8511 6324 0.800 £

November 164.1 6297 2528 1914 187.6 7.755 7535 0787 z

December 1730 56.08 26.04 2137 208.8 2610 8.366 0783 3

Year 1878.8 802.13 2535 1870.0 18184 76.266 74.047 0782

Legends

GlobHor Global horizontal iradiation EArray Effective energy at the output of the amay

DiffHor Horizontal diffuse irradiation E_Grid Energy injected into gnd

T_Amb ‘Ambient Temperature PR Performance Ratio 1

Glabine  Glabal incident in coll. plane Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dac

GlobEff  Effective Global. corr. for 1AM and shadinas

Performance Ratio PR Figure 6 Performance ratio for Rigwallo located in Kaduna State

1.2
14 - F'FI{: Perfc:rrnanoel Ratio Imm;l\: o.?elo | Performance Ratio PR
12 S ) S B B B E— —
11 - PR: Performance Ratio (Yf/Yr): 0.786
1.0
09

Ferformanee Ratio PR

Performance Ratio PR

Jan Feb  Mar  Apr May Jun  Jul Aug Sep Oct Nov Dec

Figure 4 Performance ratio for Kaig;) Lc;gated in Federal capital Territory O7Jm Feb Mar Apr May Jin Ju Aug Sep Ot Nov Dec

. Figure 7: Performance ratio for Maigarin Damo located in Kano State
Performance Ratio PR

12 —_————— : Performance Ratio PR
1.1 PR: Performance Ratio (Yf/ ¥r): 0.795 12 T T T T T T T T T T
1.0 1.1 - PR: Performance Ratio (Yf/Yr): 0.792

1.0

09

Performance Ratio PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan  Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 5 Performance ratio for Onitsha-Agu located in Enugu State Figure 8: Performance ratio for Gbalajobi located in Oyo state
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Loss diagram

Loss diagram
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_1eskwnmt Global horizontal irradiation — Mdvkwmm Global horizontal irradiation
T L -0.0% Global incident in col. plane T N +0.5% Global incident in coll. plane
9-272% 1AM factor on giobal "
4-271% 1AM factor on global
1900 kWhim? * 260494 m” coll. Effective irradiation on collectors
2091 kWhim? * 260494 m* coll Effective irradiation on collectors
efficiency at STC = 19.26% PV conversion
95311 MWh Array nominal energy (at STC effic.) giciency@SIC: 1920 Fidieonvergop
085% PV loss due to imadiance level 104910 MWh Array nominal energy {at STC effic.)
\ >-11 12% PV l0ss due 10 temperature $-0.52% PV loss due to irradiance level
. N
t? 250% Module quality loss N\ )-1166% FV loss due to temperature
$-2.10% Mismaich loss, modules and strings "
$-1.12% Ohmic wiring loss tq -2.50% Module quality loss
78338 MV ARy Wiikal SReTgy A MPE t} -210% Mismatch loss, modules and strings
291% Inverter Loss d tion (effi )
Inverter Loss during operation (efficiency] y 1.18% Ohmic Wmﬂg'DSS
0.00% Inverter Loss over nominal inv. power
2 MW i
0.00% Inverter Loss due to max. input current SEEAE MWh Array virtual energy at MPP
$0.00% Inverter Loss over nominal inv. voltage i”,\ -2.89% Inverter Loss during operation (efficiency)
0.00% Invertar Loss due to power threshold 0.00% Inverter Loss over nominal inv. power
+0.00% Inverter Loss due (o voltage {hreshold +0.00% Inverter Loss due to max. input current
77128 MWh Available Energy at Inverter Output . ) ) i
77128 MWh Energy Inlected into grid 0.00% Inverter Loss over nominal inv. voltage
T — $0.00% Inverter Loss due to power threshold
% 0.00% Inverter Loss due to voltage threshold
H H H H H 3 H 84449 MWh Available Energy at Inverter Output
Figure 9 Loss diagram for Kabi located in Federal capital Territory Abuja v P
84449 MWh Energy injected into grid

Loss diagram —

e — Global horizontal irradiation Figure 12 Loss diagram for Magarin Damo located in Kano state
r\; -2.25% Global incident in coll. plane Loss diagram
F—z.aw’ 1AM factor on global o
— _7_7_1550 kW"”T_’_ I Global horizontal irradiation
1705 kWhim® * 260484 m* coll Effective irradiation on collectors T L Py Global incident in coll. plane
efficiency at STC = 19.26% PV conversion \3 2.76% IAM factor on global
85551 MWh l Array nominal energy (at STC effic.) 1818 KWh/m?* * 250484 m coll. Effective irradiation on collectors
1% -0.79% PV loss due to irradiance level
. efficiency at STC = 13 26% PV conversion
’\':‘}-m o PV loss due fo temparature 91214 Mwh Array nominal energy (at STC effic.)
\\;. _2R0% Module quality loss -0.69% PV loss due to iradiance level
[\\;‘ -2.10% Mismatch loss, medules and sirings \\‘) -10.83% PV loss due to temperature
3 -1.03% Ohmic wiring loss e
71886 MWh F Array virtual energy at MPP 2.50% Module quality loss
) -2.93% Inverter Loss during operation (efficiency) S -210% Mismatch loss, modules and strings
0.00% Inverter Loss over nominal inv. power 3-1.08% Ohmic wiring loss
$0.00% Inverter Loss due fo max. input current 76266 MWh Array virtual energy at MPP
0.00% Inverter Loss over nominal inv. voliage \'.) -2.91% Inverier Loss during operation (efficiency)
+0.00% Inverter Loss due to power threshold 0.00% Inverter Loss over nominal inv. power
3 0.00% Inverter Loss due to voltage threshold 3 0.00% Inverter Loss due to max. input current
69778 MWh Available Energy at Inverter Output 0.00% Inverter Loss over nominal inv. voltage
69778 MWh Energy injected into grid 3 0.00% Inverter Loss due fo power threshold
TTT— - 4 0.00% Inverter Loss due to voltage threshold
74047 MWh Available Energy at Inverter Output
74047 MWh Energy injected into grid

Figure 10 Loss diagram for Onitsha-Agu located in Enugu State

Loss diagram

Figure 13 Loss diagram for Gbalajobi located in Oyo state

— 7725774 kwnin_‘:-*"'ﬁi_x- Global horizontal irradiation
- ‘\ +04% Global incident in coll. plane III DISCUSSION
5 -270% IAM factor on global

2027 KWhim* * 260434 m* coll T Effective iradiation on collectors From tables 4 to 8 it can be seen that the annual global
e TRl Filponversp horizontal irradiation for Kabi is 1952.80kWh/m?, Onitsha-
1oies i L'”-“% e Agu is 1795.88kWh/m?, Rigwallo is 2074.38kWh/m?,
[\: Maigarin Damo is 2139.508kWh/m? and Gbalajobi is 1879.8.
) 250% oo sl foss It can be noted that Maigarin Damo and Onitsha-Agu
[ -210% Mismateh loss, modules and strngs represent the highest and lowest annual global horizontal
1% -1.15% Ohmic wiring loss - - . - . . .
. 2 L ] irradiation respectively based on reviewed locations. This
S - < annual global horizontal irradiation had an effect on the
o oo o L oA . energy the array delivered at the output as seen in the column
oo e —— of effective energy at the output of the array as follows; Kabi
o505 oo e Lo e o v s is 79.438GWh, Onitsha-Agu is 71.886GWh, Rigwallo is
_ mmmmwn Energy ijected into aria 84.817GWh, Maigarin Damo is 86.958GWh and Gbalajobi is

76.266GWh. The energy the arrays will inject into the grid for
the eight hours of daylight annually are as follows; Kabi is
77.126GWh, Onitsha-Agu is 69.778GWh, Rigwallo is

Figure 11 Loss diagram for Rigwallo located in Kaduna state
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82.365GWh, Maigarin Damo is 84.449GWh and Gbalajobi is
74.047GWh which gives a total of 387.765GWh.

From figures 4 to 8 it can be deduced that the average
performance ratio for Kabi is 0.790, Onitsha-Agu is 0.795,
Rigwallo is 0.791, Maigarin Damo is 0.786 and Gbalajobi is
0.792, having an average performance ratio of 0.791. The
entire design base on the PV array and inverter capacity can
be said to have a 79percent performance from this analysis.
Figures 9 to 13 show that the losses at different locations
differ. The losses for different parts of the system were stated.
The losses identified are PV loss due to irradiance level, PV
loss due to temperature, Module quality loss, mismatch loss,
ohmic wiring loss etc.

IV CONCLUSION

This paper was to improve the power availability of the
national power system using a solar-based enhanced
distributed generation technology. The components for solar
energy inclusion in the national utility grid were being
analysed and utilised in the system. The proper method for
setting the solar photovoltaic panels was explained. The
photovoltaic system for the 250MWp needed 603,680 solar
modules, 980 solar inverters, 1,960 Battery Energy Storage
Systems (BESS), 20 step-up transformers etc. The land area
used for the 250MWop solar system is 1,890 acres of land. The
estimated cost of the Bill of Engineering Measurement and
Evaluation (BEME) is one trillion, four hundred and twenty-
three billion, nine hundred and ten million naira
(N1,423,910,000,000) only. The simulation done in this paper
was carried out with AutoCAD and PVsys software. To
evaluate the performance of the system the PVsys software
was utilized. Finally, the national utility grid had an additional
250MW of solar power which was gotten from five locations
in the country. On the analysis of the irradiance on the PV
array as well as the power output delivered to the national grid
annually, it was realised to have a performance ratio of 79.1
percent on the average of the five locations. and the total
energy the arrays will inject into the grid annually is
387.765GWh.

ACKNOWLEDGEMENT

There are many people | would like to express my gratitude
to. First of all, I would like to express my sincere gratitude to
God Almighty for His guidance and support. My sincere
appreciation goes to my supervisor Prof James Eke for his
utmost support. | thank Prof. Linus Anih, Dr. (Mrs) Dorathy
Abonyi and my lecturers who assisted me during my research
work. | owe my thanks to my colleagues who supported me
during my research work. Last but not the least; my thanks go
to my Dad, Mum, wife Mrs Maria Andrew Imomon, my child
Obehiaye Ofure-Imomon, and my brothers and sisters, who
supported me in one way or the other. | also want to thank the
International Journal of Research and Innovation in Applied
Science (IJRIAS) for allowing me to publish my work.

[1].
[21.

[31.
[4].
[5].
[6].

(71

[8].
9.

[10].

[11].

[12].

[13].

[14].

International Journal of Research and Innovation in Applied Science (IJRIAS) |Volume VII, Issue IV, April 2022 |ISSN 2454-6194

REFERENCES

CBN (1985), Central Bank of Nigeria Annual Reports and
Statement of Account

Chineke T.C, Igwiro E.C (2008), Urban and rural electrification:
enhancing the energy sector in Nigeria using photovoltaic
technology.

Council for Renewable Energy, Nigeria (CREN) (2009),
Nigeria Electricity Crunch. available at www.renewablenigeria.org
Department of Petroleum Resources (DPR) (2007) Nigeria,
Nigeria, retrieve from http://www.DPR.gov.ng

Design on AutoCAD

Energy Commission of Nigeria (ECN) (2005), Renewable Energy
Master Plan Energy Commission of Nigeria, retrieve from:
http://www.energy.gov.ng on 16 Dec 2016.

Energy Commission of Nigeria. Draft of national renewable
energy and energy efficiency policy 2014 retrieve from:
http://www.energy.gov.ng/ on 15 Dec,
2016.https://www.agreate.com/commercia-battery-energy-
storage/aten-250kw-bess-battery-energy-storage-system
https://www.tanfon.com/products/Solar-Off-Grid-System/Three-
Phase-Solar-System/250kva-250kw-off-grid-solar-panel-system-
with-battery-power-storage.html https://www.sungrowpower.com
Onohaebi O. S., (2009) "Power outage in the Nigeria Transmission
Grid "Research journal of Applied Sciences, vol. 4, pp.1-9.
Onyebuchi El (1989), Alternative energy strategies for the
developing world’s domestic use: A case study of Nigerian
household’s final use patterns and preferences. The Energy Journal
10(3):121-138

Output performance on PVsyst simulation software

Panciatici P., Bareux G., and Wehenkel L., Sep. (2012), Operating
in the fog: security management under uncertainty”, IEEE Power
and Energy Magazine, vol. 10, no. 5, pp. 40-49.

The Nigerian Energy Support Programme (NESP) (2014). The
Nigerian energy sector - an overview with a special emphasis on
renewable energy, energy efficiency and rural electrification.
Nigeria: The Nigerian Energy Support Programme; 2014.

Villalva M. G., Gazoli J. R., and Filho E. R., "Modeling and
circuit-based simulation of photovoltaic arrays,” in Power
Electronics Conference, 2009. COBEP '09. Brazilian, 2009, pp.
1244-1254.

Weidong X., Dunford W. G., and Capel A., (1950-1956) "A novel
modeling method for photovoltaic cells," in Power Electronics
Specialists Conference, 2004. PESC 04. 2004 IEEE 35th Annual,
2004, pp. Vol 3.

www.rsisinternational.org

Page 91


https://www.tanfon.com/products/Solar-Off-Grid-System/Three-Phase-Solar-System/250kva-250kw-off-grid-solar-panel-system-with-battery-power-storage.html
https://www.tanfon.com/products/Solar-Off-Grid-System/Three-Phase-Solar-System/250kva-250kw-off-grid-solar-panel-system-with-battery-power-storage.html
https://www.tanfon.com/products/Solar-Off-Grid-System/Three-Phase-Solar-System/250kva-250kw-off-grid-solar-panel-system-with-battery-power-storage.html

