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Abstract

In this research, simulated technical and economic analysis of off-grid photovoltaic power system with back-up generators for
GSM base station using PVsyst simulation software is presented. The case study load profile comprising of 9 key components
has peak power demand of 3325 W and daily energy demand of 58580 Wh. The solar radiation has annual mean of 4.2041 and
standard deviation of 1.6018 while the temperature has annual mean of 25.32 and standard deviation of 1.1595. There is no
outlier in the solar radiation but the temperature has three outliers, which are, 21.8, 28.7, 28.8. The PV power system has 60 units
of PV modules and 112 units of battery for the battery bank. There is solar fraction of 1.0 is all the months except in the month
of July where the solar fraction is 0.934 which required the backup generator to supply the energy short fall of 119.4 kWh in July
for a total duration of for 39.83 hours. The economic analysis results show that the installation cost according is 10,969,000
Naira while the operating cost is 940,422.08 Naira per year. The unused energy cost is 56,883 naira per kWh. The feed-in-tariff
for the energy generated from the solar power system is 170 naira per kWh. The payback period for the system is 4.3 years. That
means after 4.3 years, the investment cost of the project will be recovered. The return on investment is 377.7% which means the
project is very profitable.
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1. Introduction

Since the advent of Global System for Mobile Communi- good processes in diverse fields. In the higher institutions, it
cations (GSM) network services in Nigeria, there has been has engendered e-learning solutions, online portal-based ser-
rapid spread and adoption of the services across Nigeria [1-  vices and computer-based testing (CBT) systems that rely on
3, 24]. This has created so many jobs and facilitated many  network or cloud-based services [4-7]. In view of the critical
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services supported by the GSM network, it is required that
the downtime of such networks should be minimal and well
planned to avoid excessive loss of revenues on both the ser-
vice providers and their clients [8-10, 23].

One of the major problems of the GSM services providers
is the poor power supply from the Nigerian national grid [11-
14]. There is perennial power shortage in Nigeria and epileptic
power supply from the national grid which make the power
from the national grid to be unsuitable for effective service
delivery by the GSM network service providers [15-17]. Also,
there is the high cost of energy for the Band A electricity con-
sumers in Nigeria [18-20]. The poor power supply can seri-
ously affect the GSM base stations and hence the availability
of network for the users. Particularly, in the University cam-
pus where constant internet service is needed during the day,
it is required that the GSM base station should be constantly
powered up to serve the university community.

Accordingly, this research focus on the design of solar
power system as alternative power supply for the GSM base
station. The research provided the simulated design as well as
the technical and economic analysis of the system using PY-
Syst simulation software [25, 26].

2. Methodology

2.1. The Research Process

The research process is approach using the following nine
key steps:
Get the GSM base station load profile

Get the installation site geo-coordinates and the Google
map visualization of the site

Get the installation site meteorological data relevant for the
study using the PVsyst 7.3.1 simulation software

Conduct Statistical analysis of the meteorological data us-
ing the descriptive statistics software tool

Setup the PV tilt orientation in the PVsyst 7.3.1 simulation
software

Setup the load profile in the PVsyst 7.3.1 simulation soft-
ware

Setup the PV system components configurations in the
PVsyst 7.3.1 simulation software

Simulate the PV system in the PVsyst 7.3.1 simulation soft-
ware to obtain the system components sizes and technical per-
formances

Setup the PV system economic analysis parameters and
simulate in the PVsyst 7.3.1 simulation software to obtain the
economic analysis of the PV power system.

2.2. The Load Profile of the Case Study GSM
Base Station

The daily load demand profile for the GSM base station is
adapted from a recent work by [21, 22] and shown in Table 1.
The load profile comprising of 9 key components has peak
power demand of 3325 W and daily energy demand of 58580
Wh. The distribution of the energy consumption among the
load components is presented in Figure 1. The air condition is
the highest load component accounting for about 49% of the
entire load.

Table 1. The daily load demand profile for the GSM base station.

Total Power Duration of Energy Demand

S/N Load Description QTY Power Rating (W) Demand (W) ) (Wh)
1 Base station transceiver 2 40 80 24 1920
2 Connecting microwave 1 75 75 24 1800
3 Air conditioner 1 1200 1200 24 28800
4 Halogen lamp 3 200 600 12 7200
5 Aviation warning light 5 160 800 12 9600
6 LED light 5 20 100 24 2400
7 Security light 3 120 360 12 4320
8 Motion and proximity sensor 1 30 30 24 720

9 CCTV setup 1 80 80 24 1920

3325 58680
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Distribution of Energy Consumption among Load Components

Base station transceiver (3%)
Connecting microwave (3%)

Air conditioner (49%)

Halogen lamp (12%)

Aviation warning light (16%)

LED light (4%)

Security light (7%)

Motion and proximity sensor system (1%)
CCTV setup (3%)

Figure 1. The distribution of the energy consumption among the load components.

Notably, the case study site is in Akwa Ibom State University
2.3. The Installation Site Geo-coordinates and Obiokpa Campus. The geo-coordinate of the site is obtained

. o . . through a location search on Google map and the coordinates
the Google Map Visualization of the Site obtained are latitude and longitude of 4.96451929968801,

The installation site geo-coordinates and the Google map ~ 7.759789035138503 respectively. The Google maps visuali-
visualization of the site was done using the online Google Map.  zation of the site is presented in Figure 2.

@ AKSUIPINNACLE
\:I‘TI;IEATRE

Google Maps

Figure 2. The Google maps visualization of the case study site in Akwa Ibom State University Obiokpa Campus with latitude and longitude of
4.96451929968801, 7.759789035138503 respectively.
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2.4. The Installation Site Meteorological Data Relevant for the Study Using the PVsyst 7.3.1
Simulation Software
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Figure 3. The scatter plot of the daily solar radiation, (GlobHor) of the case study site done with Visual basic for application programming
tool in Excel.
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Figure 4. The scatter plot of the daily atmospheric temperature, (T _Amb) of the case study site done with Visual basic for application pro-
gramming tool in Excel.

The scatter plot of the daily solar radiation, (GlobHor) of  atmospheric temperature, (T _Amb) of the case study site is
the case study site is shown in Figure 3. It has annual mean shown in Figure 4. It has annual mean temperature value of
value of 4.2 kWh/m?*day. Also, the scatter plot of the daily 25.32°C.
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2.5. The Setup of the PV Tilt Orientation in the PVsyst 7.3.1 Simulation Software

© Orientation, Variant "New simulation variant™

Field type |Fixed Tilted Plane

Field parameters Tilt 14° Azimuth 0°
Plane tilt s
Azimuth ¢
West ~ East
South
—Quick optimization
Optimization with respect to 9

O Winter (OctMar)

—Yearly meteoyield————————
Transposition Factor FT 1.02
Loss with respect to optimum 0.0%
Global on collector plane 1563 kWh/m?

0
90 60 -30 0 30 60 90
Plane orientation

% Concel ” o

Figure 5. The screenshot showing the settings for the PV tilt orientation in the PVsyst 7.3.1 simulation software.

The screenshot showing the settings for the PV tilt orienta- 14 degrees is selected which gave a transposition factor of
tion in the PVsyst 7.3.1 simulation software is presented in 1.02. This means that 2% of extra solar radiation is obtained
Figure 5. The annual fixed tile angle is selected. Tilt angle of by the optimal tilting of the PV panel.

2.6. The Setup of the Load Profile in the PVsyst 7.3.1 Simulation Software

© User's needs definitionVariant: imulation variant”, Variant "New simulation variant™

Comment |New User's needs

General features | Daily profie | Graph

Hourly values

T oh [325 |12h

4000 - E 2h
3h 15h

| o o oy e e 4h 3325 |i6h [1565
23000 ]
= sh [s325 |17h (1565

6h [3325 |18h [1565]
2000 1 7h 1565 |1sh [3325
8h 1565 |20h [3325

9h 21h (3325
1000 1 10h 22h
ith [1565 |23h [3325

L n n | f L 1 n f f f Average 2445 W
0 2 4 6 8 10 12 14 16 18 20 2 24 Day sum 58.7 kwh/day

—Operator (acting on all values)———— —Shows values of —————— Month sum 1760 kWh/mth

® tdenta vae w
O add

Constant over the year :
O muitily By work out

O Renormalize to sum ‘m
e | oew || x|

<000 User's needs: daily profile, Constant over the year
T T T

-
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e

Figure 6. The screenshot showing the daily load profile settings for the PV in the PVsyst 7.3.1 simulation software.
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The screenshot showing the daily load profile settings for
the PV in the PVsyst 7.3.1 simulation software. According to
the load profile in Table 1, the daily energy demand is 58680
Wh per day. The load profile in the PVsyst (Figure 6) shows
an average power demand of 2445 W, which is the average
hourly power demand obtained by dividing the 58680 by 24,
(that is, 58680 Wh /24 h =2445 W). The daily energy demand
of 58680 Wh per day approximates to 58.7 kWh per day in the
PVsyst the software.2.7. Setup of the PV System Components
Configurations in the PVsyst 7.3.1 and Simulation of the PV
System

The PVsyst settings for the PV array is presented in Figure
7. Each PV model is a Si-mono panel rated at 400 Wp 32 V.
There are 4 strings in series (giving a total terminal voltage

132 V). There are 15 strings of the PV module where each
string has 4 PV modules in series, as shown in Figure 7. The
PVsyst settings for the battery bank are presented in Figure 8.
Each battery is rated as 240 Ah 12 V. There are 8 strings of
batteries in series (giving a total terminal voltage 96V). There
are 14 strings of the PV module where each string has 8 bat-
teries in series, as shown in Figure 8.

The PVsyst settings for the charger controller is presented
in Figure 9. A universal charger controller with MPTT con-
verter is selected. The details of the charger controller are
shown in Figure 9. The PVSYst settings for the back-up gen-
erator are presented in Figure 10. The back-up generator is a
3-kW rated generator as shown in Figure 10.

® stand-alone system definition, Variant "New simulation variant”, Variant "New simulation variant”

0 Universal controller

_Generic v

Av. daily needs Enter accepted PLOL |3-0 % O Battery (user) voltage =N 0
58.7 kWh/day Requested autonomy * day(s) 0 Suggested capacity 2876 Ah
[ {2 Detailed pre-sizing | Suggested PV power 23949 Wp (nom.)
Storage PV Array  Back-Up Simplified sketch
—Sub-array name and Orientation ~Pre-sizing Help
Name [pv Array ] O No sizing Enter planned power O Wp
_ : Tit 14° , =
Orient.. Fixed Tilted Plane Azimuth  0° Resize .. or available area O 0 m?
~Select the PV module
:[AII modules : l Sortmodules @ Power O Technology
:I_Generic /| [400wp32v  si-mono Mono 400 Wp 72 cells since 202 | | @ Open |
Sizing voltages : Vmpp (60°C) 33.0V
Voc (-10°C) 520V
Select the control mode and the controller
MPPT power converter

(O DC-DC converter

~Operating mode- Max, Charging - Discharging current
O Direct coupling ["“::‘V 1000 W S6 275 A 35A Universal controller with MPPT conve
® MPPT converter The operating parameters of the universal controller will automatically be

adjusted according to the properties of the system.

PV Array design
o sl v o mandides and <t - Operating conditions:
should be: Vmpp (60°C) 132V
Mod. in series No constraint Vmpp (20°C) 156 V
- Voc (-10°C) 208V
Nb. strings ®between 12and 18 | g
Plane irradiance 1000 W/m2
O Impp (60°C) 158 A Max. operating power 21.8 kw
A 135 m2 Isc (60°C) 170 A (at max. irrad and 50°C)
rea m
Wb. modules - Isc (at STC) 169 A Array nom. Power (STC) 24.0 kwp

Figure 7. The PVsyst settings for the PV array.
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g Stand-alone system definition, Variant "Ne

mulation variant”,

Variant "New simulation v

Av. daily needs Enter accepted PLOL
58.7 kWh/day Requested autonomy
[ [ Detailed pre-sizing

Storage | PV Array Back-Up Simplified sketch

@
s dave) @

Battery (user) voltage
Suggested capacity
Suggested PV power

'@
2876 Ah
23949 Wp (nom.)

The battery temperature is important for the
aging of the battery. An increase of 10 °C
divides the “static” battery life by a factor of

—Pr dure
The Pre-sizing suggestions are based on the Monthly meteo and the user's needs definition
1. - Pre-sizing Define the desired Pre-sizing conditions (PLOL, Autonomy, Battery voltage)
2. - Storage Define the battery pack (default checkboxes will approach the pre-sizing)
3. - PV Array design Design the PV array (PV module) and the control mode. You are advised to begin with a universal controller.
4, -Back-Up Define an eventual Genset
—Specify the Battery set
Sort batteries by ® voltage O capadty O manufacturer
| _All manufacturers v| (B oy me
lAl technol. v I Battery pack voltage 96 V
B . ) i 2800 Ah
- S batteries in series ) Global capacity
- A i Number of batteries 112 Stored energy (80% DOD) 215 kwh
s atteries in parallel &
Number of elements 672 Yotel melght e
" 9% Initial State of Wear (nb. of cycles) Ph;:cycea:at 805 DOD 1008
™ Total stored energy during the 246 MWh
m . % Initial State of Wear (static) battery life
~—Operating battery temperature
Temper. mode |Fixed (air-conditioned,
Fixed temperature @ °C Please choose the PV module !

Figure 8. The PVsyst settings for the battery bank.

efinitions

General data = Thresholds MPPT converter Efficency profle Other data / Sizes

Model

|Uni versal controller with MPPT converter

File name

IUnn‘Ersal_CUntrulIer_LA_MPPT.RLT

Original PVsyst database

Universal default controller
In blue : values defined for the system

Device general features

Technology ['-r'\:'PT converter ~ |
External controls Control mode
Load management () Battery voltage
Back-up gen. control @ s0C based

[ Back-up effectively used 0

—Battery control

Manages Lead-Add batteries

Manages Lithium batteries

—Electrical characteristics

| Manufacturer IGenenc |

I Data source IAdwtd:lle for any system |

Max. charging current
Max. discharging current
Max. back-up current

Converter nom. power

2748 | A acc. to STC

Aaoc.tuluad
A Genset
0 ] w

Battery pack capadity (C10)

battery pack of the system

Self-consumption mA

MNight consumption mA
—System Battery Pack

Technol. Lead-acid, sealed, Gel

Battery pack voltage 12V suited, OK

Default controller: nominal voltage acc. to the

200 Ah (C10)
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page.

Figure 9. The PVsyst settings for the charger controller.
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© Stand-alone system definition, Variant "New simulation variant™, Variant "New simulation variant”

Av. daily needs Enter accepted PLOL

58.7 kWh/day Requested autonomy
| Detailed pre-sizing |

Storage PV Array  Back-Up  Simplified sketch

%

day(s)

Battery (user) voltage v o
2876 Ah

23949 Wp (nom.)

7]
0 Suggested capacity

Suggested PV power

—Back-up generator

Uses back-up genset ISthenerator3.GEN

: Back-up generator, 3 kw

I ropen |

Full load capability
Effective operating

3.0kw

o

Nominal power

Power

Battery voltage 96V
Battery voltage 96V

3L3A
313A

Charging Current
Charging Current

Figure 10. The PVsyst settings for the back-up generator.

2.8. Economic Analysis of the PV Power System Using the PVsyst 7.3.1 Simulation Software

© Economic evaluation

—System v [—Financial v
Project: AKSU_OBIOKPA_CAMPUS_SEM Installation costs 457.00 N\Wp — e on aalw T e ——
otal financing (6,000,000.¢ s different than installation
PV Array, Pnom = 24.0kwp Standalone system Total yearly cost 85.33 N/Wpfyear cost (10,968,000.00 ). Please update financing in "Financial
Self-consumption 21.4 MWh/fyear Used energy cost 105.4658 Nfkwh parameters” tab.
Excess energy 8.5 MWh/year Payback period 5.7 years
Investment and charges | Financial parameters Electricity sale ~ Selfconsumption saving = Finandial results
Values Currency
Ocobal  @byws  Obyms | [ |
i ts ing costs (yearly)
AV/OTCEHO AV/OTCSEHO
Description Quantity Unit price Total Description Yearly cost
Global installation cost per module L00| NWp
= mMaintenance 63.40 Nwp
Global installation cost per inverter 1.00| NMWp
Sataries Nivip
Global instalation cost per battery NMip
Repaes np
— o
- i
Settings L00| NWp
Provision for battery re... [+ ] 60.00( Nwp
¥ Insurance 4,00 NMWp
Seauity fund Nivip
= Land costs 400 NMWp
O s
R s
Land rent o
o reoon e
[ Insurance 0.00 NMWp
Land taxes (%) 0.00 N/Wp
- e
Loan bank charges 2.00( NMWp
Administrative, accounti. | 04] e
Taxes 0.00 NWp
' Taxes 0.40  NMp
Total installation cost 457.00 N/Wp Eararal bavas nanl  nawn
Depreciable asset 433.00 N,
il o e Operating costs (OPEX) 66.60 N/Wp/year
‘ % Concel | 7K

Figure 11. The screenshot showing the input for the investment and charges in the PVSyst economic analysis dialogue box.

At this point the input parameters for the economic analysis
are supplied through the PVsyst economic analysis input dia-
logue box shown in Figure 11. Nest the economic analysis
simulation is conducted in the PVsyst 7.3.1 software to obtain
the economic analysis results for the PV power system.

3. Results and Discussion

3.1. Results on the Technical Analysis

The screenshot showing the result on the energy yield, en-
ergy delivered and solar fraction is presented in Figure 12. The

solar fraction of 1.0 shows that all the energies required by the
user or load are provided by the solar power for all the months
of the year except in the month of July where the solar fraction
is 0.934 which is less than 1.0.

However, the Loss of Load (Pr_LOL) and duration of loss
ofload (T_LOL) for the system in the month of July, as shown
in Figure 13 is 0, indicating that there was not power outage
in the month of July due to the short fall in energy supply from
the solar power system. This is because the backup generator
supplied the short fall of 119.4 kWh worth of energy in the
month of July alone, as shown in Figure 13.
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e W
e e Qoonat: enrh. S KAUE Sk chasings SolFrac - Solar fraction (EUsed | ELoad)
GlobHor GlobEft E_Awvail EUnused E_User E_Load SolFrac
KWhim?® KWhim? KWh Kvvh K¥vh k¥vh ratio
January 1612 176.0 3561 1547 1819 1819 1,000
February 146.7 153.7 3094 1366 1643 1643 1.000
March 1488 147 4 2584 1147 1818 1818 1.000
April 136.0 1293 2639 736 1760 1760 1,000
May 131.1 178 2390 548 1819 1819 1.000
June 106.2 93.8 1905 &7 1761 1760 1.000
July 100.4 50.0 1812 45 1819 1819 0.534
August 106.0 97.7 1990 80 1819 1819 1,000
September 102.9 %6.9 1999 137 1761 1760 1.000
October 114.1 1141 2306 LI 1818 1819 1.000
November 128.3 134.1 2122 ar 1760 1760 1.000
December 153.4 169.4 s 1536 1819 1819 1.000
Year 15352 15221 30852 8501 21417 21418 0.934

Figure 12. The screenshot showing the Result on the Energy Yield, Energy Delivered and Solar Fraction.

7 parameters defined for this table : _BiJp - Back-up Generator Energy
EArray - Effective energy at the output of the array Sﬁx-sdagfracﬁm{alsed!ﬂ:oad]
€ 1.oad - Energy need of the user (Load) T_LOL - Duration of "Loss of Load™ (user not supplied)
E_User - Energy supplied to the user Pr_LOL - Probabiity of "Loss of Load"

EArray E_Load E_User E_BkUp SolFrac T LOL Pr_LOL
KWh KWh KWh KWh ratio Hour %

January 2097 1819 1819 0.0 1.000 ] 0.00
February 1803 1643 1643 0.0 1.000 0 0.00
March 189189 1819 1819 0.0 1.000 o 0.00
April 1988 1760 1760 0.0 1.000 ] 0.00
May 1937 1819 1819 0.0 1.000 ] 0.00
June 1918 1760 1761 0.0 1.000 ] 0.00
July 1878 1819 1819 119.4 05924 0 0.00
August 2018 1819 1819 0.0 1.000 ] 0.00
September 1964 1760 1761 0.0 1.000 ] 0.00
October 1927 1819 1819 0.0 1.000 ] 0.00
November 2013 1760 1760 0.0 1.000 0 0.00
December 1992 1819 1819 0.0 1.000 0 0.00
Year 23448 21418 21417 119.4 0954 o 0.00

Figure 13. The screenshot showing the Result on Loss of Load (LOL) and Power Supply from the Backup Generator.

The results in Figure 14 show that the backup generator has
to supply the shortfall in the energy for 39.83 hours in the
month of July. Also, the energy required is about 3.653 kWh

per day, as shown in Figure 15. The loss of load would have
occurred on 5th of July as well as from 19th to 20th of July,
(as shown in Figure 15). As shown in Figure 16 and Figure 17,
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the duration of the backup energy supply on 5th of July will
be 5.128 hours, and as shown in Figure 17, the duration of the
backup energy supply from 19th of July to 29th of July will be
14.79 hours.

The results in Figure 18 show that the fuel consumption of

® Simul. variant: New simulation variantLATEST

the backup energy supply in the month of July will be 71.6565
liters. The detailed breakdown of the fuel consumption for the
backup generator on the 5th of July and for the 19th to 20th of
July are presented in Figure 19.

Close Print Export Format Help
Simul. variant: New simulation variantLATEST
S0 T T T T T T T T T T T
- Back-up Generator running duration, 39.83 Hour
401 s
0 -
T
2
201 1
10 -1
0 ] ! ! L 1 I I L 1 I I
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 14. The screenshot showing the Result on Loss of Load Duration which is also the Backup Generator Running Per Month for a Whole

Year.

© Simul. variant: New simulation variantLATEST

Close Print Export Format Previous month Mext month Clear sky model Help
Simul. variant: New simulation variantLATEST
60 T T T T T T
- Back-up Generator Energy, 3.853 kiWh/day
SO E
401 —
E
i & -
.
204 4
10 =
0 ) L ] I
07/01 07/06 o7 0716 o2 07/26 07

Figure 15. The screenshot showing the Result on Loss of Load Energy per day in July which is also the amount of energy supplied by the

Backup Generator per day in July.
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¢ Simul. variant: New simulation variantLATEST

Close Print Export Format Previousday Nextday Previousmonth Next month Clear sky model Help
Simul. variant: New simulation variantLATEST
12— T — ' T ' T T ' T
——— Back-up Generator running duration, 5.128 Hour
1.0F b
08 -
z
2 06 -
0.4} E
0.2 b
0.0 . ] . | . ] . ] . | . ] . ] .
0 6 12 18 24 6 12 18 24
07/05/30 07/06/90

Figure 16. The screenshot showing the Exact Time the Loss of Load will Occur on 5th of July.

¢ Simul, variant: New simulation variantLATEST

Close Print Export Format Previousday Nextday Previousmonth Next month Clearsky model Help
Simul. variant: New simulation variantLATEST
14p—— T y T ' T ' T y ' T ' T
—— Back-up Generator running duration, 14.79 Hour
12} E
1.0 -1
0.8} -1
Il
I
=
06} E
0.4} .
0.2 -1
0.0 . [ . | . ! . [ . | . ] . ] .
0 6 12 18 24 6 12 18 24
071990 07/20/90

Figure 17. The screenshot showing the Exact Time the Loss of Load will Occur from 19th to 20th of July.
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Figure 18. The screenshot showing the fuel consumption of the Back-up Generator per month for a whole year.
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Figure 19. The screenshot showing the fuel consumption of the Back-up Generator per day for the month of July.

the system are presented in Figure 20 and Figure 21. The in-

3.2. The Results of the Economic Analysis stallation cost according to Figure 21 is 10,969,000 Naira

while the operating cost is 940,422.08 Naira per year. The un-

The results of the economic analysis of the solar power  used energy cost is 56,883 naira per kWh.
plant are presented in this section. The details of the cost of
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Cost of the system
Installation costs
Ham Quantity Cost Total
units M M
PV modules
Maono 400 Wp 72 calls (] 44 000.00 2,840,000.00
Supports for madules [} BO0.00 48,000.00
Batteries 1z 25714.29 2,880,000.00
Conftrallars. 2,160,000.00
Back-up genearatar 2,640,000.00
Other components
Accassories, fastenars 1 24 000.00 24,000.00
Wiring 1 24,000.00 24,000.00
‘Combiner box 1 24,000.00 24,000.00
Monitoring system, display screan 1 24,000.00 24,000.00
Measurement systam, pyranometar 1 24,000.00 24,000.00
Surge arrester 1 24,000.00 24,000.00
Studies and analysis
Engineering 1 24 00000 24,000.00
Parmitting and other admin. Feas 1 24,000.00 24,000.00
Environmental studias 1 24 00000 24,000.00
Economic analysis 1 24 00000 24,000.00
Installation
Glabal installation cost par moduls [0} 400.00 24,000.00
Glabal installation cost per inverter 1 24 00000 24,000.00
Glabal installation cost per battery 112 214.28 24,000.00
Transport 1 24,000.00 24,000.00
Sattings 1 24,000.00 24,000.00
Insurance
Building insurance 1 24,000.00 24,000.00
Transporl insurance 1 24 00000 24,000.00
Liability insurance 1 24,000.00 24,000.00
Delay in starf-up insurance 1 24,000.00 24,000.00
Land costs
Land purchase 1 48 00000 4800000
Land praparation 1 48,000.00 48,000.00
Loan bank charges 48,000.00
Total 10,568,000.00
Depraciable assat 10,382,000.00

Figure 20. The screenshot showing the part I of the results for the cost of the system.

Cost of the system

Operating costs

Iltem Total
Niyear
Maintenance
Salaries 48,000.00
Repairs 24,000.00
Cleaning 4,800.00
Provision for battery replacement 576,000.00
Security fund 4,800.00
Fuel for Back-Up generator 96,000.00
Land rent 24,000.00
Bank charges 9,600.00
Administrative, accounting 9,600.00
Taxes
Federal taxes 9,600.00
Subsidies -72,000.00
Total (OPEX) 734,400.00
Including inflation (2.00%) 940,922.08

System summary

Total installation cost

Operating costs (incl. inflation 2.00%/year)
Excess energy (battery full)

Used solar energy

Used energy cost

10,968,000.00 N
940,922.08 Nfyear
8.5 MWh/year
21.4 MWh/year
56.883 N/kWh

Figure 21. The screenshot showing the part II of the results for the cost of the system.
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The details of the financial analysis of the system is pre-
sented in Figure 22 and Figure 23. The results in Figure 22
show 6,000,000 Naira are funds provided by the owner out of
the 10,969,000 Naira required for the initial investment cost
of the system. The remaining 4,969,000 are borrowed funds
for which tax need to be paid. The feed-in-tariff for the energy

generated from the solar power system is 170 naira per kWh.

The payback period for the system is 4.3 years. That means
after 4.3 years, the investment cost of the project will be re-
covered. The return on investment is 377.7% which means the
project is very profitable. The details of the profit are pre-
sented in Figure 23.

Financial analysis
Simulation period
Project lifetime 25 years Start year 2026
Income variation over time
Inflation 2.00 %fyear
Production variation (aging) 0.30 %fyear
Discount rate 3.00 %fyear
Depreciable assets
Asset [ Depreciation Depreciation [ Salvage [ Depreciable
method period value (M)
(vears) (M)
PV modules
Mono 400 Wp 72 cells Straight-line 25 0.00 2,640,000.00
Supports for modules Straight-line 25 0.00 48,000.00
Batteries Straight-line 25 0.00 2,880,000.00
Controllers Straight-line 25 0.00 2,160,000.00
Back-up generator Straight-line 25 0.00 2,640,000.00
Accessories, fasteners Straight-line 20 0.00 24,000.00
Total | 0.00 | 10,392,000.00
Financing
Own funds 6,000,000.00 N
Electricity sale
Feed-in tariff 170.0000 N/KWh
Return on investment
Payback period 4.3 years
Met present value (NPV) 41,42535485 N
Internal rate of return (IRR) 46.22 %
Return on investment (ROI) ITTT %
Paid dividends 203489199 N

Figure 22. The screenshot showing the of the results for the financial analysis of the system.

Financial analysis
Detailed economic results (kN)
Year Electricity Own Run. Deprec. Taxable Taxes After-tax Divid. Cumul. %
| sale | funds costs | allow. | income | profit 3.00% profit amorti.
0 0 6,000,000 0 0 0
1 3,640,896 0 734400 | 415920 2,490,576 124,529
2 3,651,818 0 749,088 415,920 @ 2,486,810 = 124,341
3 3,662,774 0 764,070 @ 415920 2,482,784 124,139
4 3,673,762 0 779,351 | 415920 2,478,491 123,925
5 3,684,783 0 794,938 = 415,920 2,473,925 123,696
6 3,695,838 0 810,837 = 415,920 2,469,081 123,454
7 3,706,925 0 827,054 = 415,920 2,463,952 123,198
8 3,718,046 0 843,595 | 415,920 | 2,458,531 122,927
9 3,728,200 0 860,467 = 415,920 @ 2,452,814 | 122,641
10 3,740,388 0 877,676 | 415920 2,446,792 122,340
11 3,751,609 0 895,230 | 415,920 2,440,459 122,023
12 3,762,864 0 913,134 | 415920 2,433,810 121,690
13 3,774,152 0 931,397 | 415920 2,426,836 121,342
14 3,785,475 0 950,025 | 415920 2,419,630 120,877
15 3,796,831 0 969,025 = 415,920 2,411,886 120,594
16 3,808,222 0 988,406 = 415920 2,403,806 120,195
17 3,819,646 0 1,008,174 415,920 | 2,395,653 119,778
18 3,831,105 0 1,028,337 | 415920 2,386,848 119,342
19 3,842,599 0 1,048,904 415920 | 2,377,775 118,889
20 3,854,126 0 1,069,882 415,920 | 2,368,324 118,416
21 3,865,689 0 1,091,280 | 414,720 | 2,359,689 117,984
22 3,877,286 0 1,113,105 | 414,720 | 2,349,461 | 117,473
23 3,888,918 0 1,135,367 414,720 | 2,338,830 116,942
24 3,900,585 0 1,158,075 414,720 | 2,327,790 116,389
25 3,012,286 0 1,181,236 414,720 2,316,330 115,816
[Total 94,375,824 6,000,000 23,523,052 10,392,000 60,460,772 3,023,039

Figure 23. The screenshot showing the of the detailed economic analysis results for the financial analysis of the system.
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4. Conclusion

In this research, technical and economic analysis of an oft-
grid solar power system based on photovoltaic (PV) approach
is presented. The PV off-grid solar (PVOGS) power system is
meant to power a Global System for Mobile Communications
(GSM) base station located in one of the campuses of Akwa
Ibom State University. The PV power system design included
a back-up generator to supply power to the critical load during
potential power shortage moments from the solar power
source. The PVOGS power system was modeled and simu-
lated using the popular PVSYst simulation software for PV
power systems.

In all, the research provided the requisite technical infor-
mation for contingency management in the energy supply to
the GSM base station. It also provided the economic analysis
details that will be used to justify the expenditure on the power
system due to it very short payback period of 4 years com-
pared with the life cycle period of 25 years.

Abbreviations
GSM Global System for Mobile Communications
CBT Computer-based Testing
PV Photovoltaic
LOL Loss of Load
PVOGS PV Off-grid Solar
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