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Abstract— In this paper, PVSyst software-based
comparative techn-economic analysis of photovoltaic
(PV) power plant for two installation sites with
different climatic conditions is presented. The
installations sites are in Bayelsa State and Sokoto State .
Bayelsa State has annual average Peak Sun Hour (PSH)
of 4.12 hours whereas Sokoto State has annual average
PSH of 6.24 hours. Also, the annual average
temperature of Sokoto State is 27.1 °C which is higher
than that of Bayelsa State (which is25.5 °C). In the
analysis, a constant daily load demand that consists of
2000 W power that runs for 24 hours every day in the
whole year is adopted. For the installation at Bayelsa
State, a total of 310 batteries and 362 PV panels are
required to meet the stringent load demand
specifications of zero loss of load. On the other hand, at
Sokoto , a total of 310 batteries and 362 PV panels are
required to meet the same load demand and this is
about 142 units (39.22%) reduction in the PV modules.
This resulted in gives 25Naira/lkWh (13.44 %) reduction
in the unit cost of energy for the PV installation in
Sokoto State. Furthermore, Bayelsa State has a total of
3082.3 kWh unused energy per year , performance ratio
(PR) of 64.3 % and 0.0% loss of load probability (Pr
LoL) while Sokoto State has a total of 3.274 kWh
unused energy per year , performance ratio (PR) of 69.9
% and 0.0% loss of load probability (Pr LoL). . In all,
the results showed that it is more expensive to install
and run PV power system in Bayelsa State than in
Sokoto State. The idea presented in this study can
facilitate policy framework for optimal site for large
scale PV installation across Nigeria.
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1. Introduction

Photovoltaic solar power system is a renewable energy
system which converts sunlight energy into electricity [1,2].
Notably, solar energy has the potential to adequately
provide the present and future global energy demands
[2,3,4,5,6]. This can be realized through effective and
sustained research and technological advancement which
will help in boosting the harvesting and harnessing of the
solar energy wherever there is sufficient sunlight. Study has
recommended that the solar energy received at Earth's
atmosphere is approximately 342 W m 2, which about 30%
is scattered or reflected back to space, while about 70%
(239 W m™) of the energy remains to be harvested
[7,8,9,10.11]. Essentially, the effective annual solar
irradiance globally varies from 60 to 250 W m™ [12,13].
Studies have shown that Africa has the sunniest places on
the planet [13,14,15,16]. In addition, other available
research findings indicated that the potential photovoltaic
cell (PV) and concentrated solar power (CSP) energies in
Africa is about 660 and 470 petawatt hours (PWh),
respectively [13]. Consequently, in Nigeria, effort is
increasingly being made to take advantage of the abundant
solar energy to address the acute energy shortage.

In any case, one of the key challenges to wide
adoption of PV power systems is the high initial investment
cost. As such, some available research publications are
focused on finding ways to minimize the initial investment
cost and unit cost of energy for PV power systems by
appropriate sizing of the PV power system components.
Accordingly, in this paper, the component sizing and
economic analysis of a 2000 W PV power plant is
presented. The techno-economic analysis is conducted
using PVSyst software [17,18].

The analysis is conducted for the same PV power plant
using the annual average solar radiation and temperature
data of two States in Nigeria. The two States are Bayelsa
State with low solar radiation and temperature values and
Sokoto State with high solar radiation and temperature
values. The essence of the study is to examine how the
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different climatic conditions can impact on the key
components sizes and on the initial investment cost as well
as on the unit cost of energy in those case study areas. The
study will specifically examine the effect of the climatic
conditions on the number of PV modules that will be used
to satisfy the same daily load demand in each of the study
sites. The idea present in this paper will facilitate further
studies on the selection of optimal location for large scale
PV power installation across Nigeria.

2. Analytical approach to technical and economic
analysis of the PV Power Plant

2.1 Determination of the Daily Power and Energy
Demand

The system is rated as a 2000 W or 2 kW power supply
which at a power factor of 0.8 amounts to 2.5 KVA power
systems. This means that the system will power a load of 2
KW or equivalent AC load of 2.5 KVA. The system is
meant to have sufficient battery bank so as to power the
load for 24 hours in a day. Hence, the daily energy demand,
denoted as E; is 24 x 2000 = 48000 Wh/day.

2.2 Sizing of the PV array
Due to some energy overheads consumed in the various
subsystems before the energy gets to the load, the effective
daily energy demand from the PV array , dented as E;py,
is higher than the daily energy demand at the load and it is

given as;
E _ Dailyenergydemandattheload _ Egq 1
apv = Subsystemefficiency andderatingfactors - Nsubsystperat
Where ;

nsubsyst = (nbat)(nchacont)(ninv)(nCabLoss) (2)
Ninv IS the ChargeControllerEf ficiency
Npac 1S the BatteryEf ficiency
NechacontlS the InverterEf ficiency
NcabLoss 1S the CableLoss.
According to Alfahed et al., [19] cable loss is 3% (which
gives efficiency of 97 %), battery efficiency is 90% ,
inverter/charger efficiency is 98.5 % and charge controller
efficiency is 98.5 %. The daily Peak Sun Hours (PSH) is
calculated as follows [19];
PSH = Daily average ofth? stl)lar 1rrjg1d1;imce in kWh/m? (3)
Peak solar radiation which is 1 kW/m?

In this work, Bayelsa State with the lowest annual
average of daily average of the solar irradiance is
considered. The worst month daily average of the solar
irradiance is 3.11kWh/m? and it occurred in the month of
July. The required PV array output peak power is denoted
as Ppyprand it is given as;

Ppypk = ?SP; (4)
In order to account for safety factor of about 20% , the
effective required PV array output peak power is denoted
as Ppypx DECOMES;

Ppypk = Ppypx(Safety Factor) )

Similarly, in view of the safety factor, the effective required
daily PV array output energy is denoted as E.p, becomes;
Egepy = Eqpy(Safety Factor) (6)

The total dc current, Iy is computed as;

Ppve
— VPV PK (7)
dcSYS
Where V,.sys IS the DC voltage of the system which in this

case is 48V. Therefore

Idc

The PV module watt peak power rating at standard test
condition is denoted as Wpypx and module rated voltage
(denoted as Vpy) , The selected PV module has Wpypk =
370 W and Vpy = 12V. Then, the module numbers in
series, denoted as Npyg is given as:

Npys = V—‘:,CSYS (®)

PV

The total number of PV modules in the system is
denoted as Npyr and it is given as;

_ Ppyepk
I\IPVT - WpvPK (9)

Then, the module numbers in parallel, denoted as Npyp is
given as:

N
Npyp = =T (10)

2.3 Sizing of the Battery Bank (Storage)
The battery bank capacity (Bc,p, ) is determined as follows:
B — (Total energy need )(Days of autonomy ) (11)
cap (Battery efficiency)(BatterySystemVoltage)(DOD)
Where DOD is the maximum depth of discharge. The
recommended DOD for an off-grid solar power system is
between 20-50%. DOD of 50 % was used in the
calculation and days of Autonomy were chosen as 3 day.
So, the number of batteries in series (Ny ) is given as;
BatterySystemVoltage
Nps = Battery nominal voltage (12)
Total number of batteries (N ) is given as ;
th — BatteryCapacity (13)
Battery rated capacity (in Ah)per bettery
Number of batteries in parallel (N, ) is given as;
Total number of batteries Nﬁ

Npp = = (14

Number of batteries in series Nps
2.4 Inverter Sizing
In inverter sizing, the critical factor which must
first be considered is the peak load capacity in terms of
consumption rate. This is determined by adding (summing
up) all the loads that is expected to run at the same duration,
and perhaps consider also some inductive load, which in
most cases will double the starting power and cause surge
in the system. Therefore, by so doing the inverter capacity
is determine. However, in this work the total load capacity
in is 2000W. Though, the actual inverter capacity is 2kW,
but considering the tolerance or safety factor an inverter
capacity of 2.5kW is adopted.
2.5 Economic Analysis of the PV Power Plant : Life
Cycle Costing (LCC) Analysis
Life cycle cost approach is used for the economic analysis
of the PV power plant. The Life Cycle Costing (LCC) of
solar PV power system is given as [20] ;
Lcc=Cl + CO&M + CBR (15)
e the initial investment cost (CI) ,
e the present value of the cost of
maintenance/operation (CO&M)
e the present value of the cost of battery replacement
(CBR)

3. Techn-economic Analysis of the PV Power Plant
Using PVSyst Software

In this paper, the techno-economic analysis was conducted
using PVSyst software version 5.74. The technical analysis
was focused on the determination of the system
components’ sizes while the economic analysis was based
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on the lifecycle cost analysis model which was used to
determine, among other things, the unit cost of energy.

Specifically, the analysis in this paper was conducted to
assess the technical and economic impact of the climatic
conditions on a given PV power plant installation in two

different States in Nigeria. The PVSyst map interface
showing the two study location is given in Figure 1. The
meteorological data obtained from NASA web portal for
the two sites are given in Figure 2.

Geographical site parameters, new site - B “
Geographical Coordinates | Monthly meteo  Interactive Map |
Sokoto Please wait - Yenagoa
Selected point [+ i Selected point
Locaiit Search 7.6025, 7.0791 90 yla
Locality = al LA J Mouss  Locality
Gwrwa Ziny "3 Akaba
) Sokoto Maradi e ok s
Country 4 ® e} - Country
Ngeria » 5 Gashu, N'Djaména Nigeria
Jaky Laasul
Kano 2
Latitude (°) Latitude (°)
13.034 Potiskis 49144
ar
Longitude (°) Kandi Mokolo Longitude (°)
5.2318 Bauchi  Gombe bl 6.25%
ou sele
Altitude (m) o5 = Altitude (m)
32 Minna 24
Aol X s Garoud
Time zone Bida vigeria ey Time zone
llorin Jath
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Ogbomosho
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rto-Novo febu-Ode Enugu 2
Benin City Awka Abakalik a
Narr Bal
Yenagoa Aba . s
o Uyo © QpenStreetMap contributors.

Figure 1: PVSyst map interface showing the two study locations.

NASA-SSE Satellite Data

Yenagoa
Global Diffuse Temper.

[kwhfm2.day] [kWh/m2.day] [=c]
January 524 1.87 25.8
February 5.13 2.10 26.1
March +.73 2.30 26.2
April 4.50 2.29 26.3
May +.09 2.17 26.2
Jusre 3.45 2.03 25.5
July 3.11 1.98 24.7
August 3.42 2. 12 24.4
September 3.22 2.13 24.7
October 3.60 2.13 25.0
Movember 4,18 2.04 25.3
December 4.88 1.86 25.6
Year 4.12 2.08 25.5

Sokoto
Global Diffuse Temper.

[kwWhjmz2.day] [kWh/m2.day] [*C]
Jarwary 5.47 1.28 23.5
February 6.41 1.29 25.6
March 5.87 1.55 29.4
April 7.15 1.75 31.5
May F.03 1.81 0.5
June 6.91 1.79 27.8
July 5.26 2.04 25.9
August 5.73 2.21 25.5
September 5.01 1.96 25.3
October 6.03 1.58 2B.2
MNovember 5.79 1.24 27.2
December 5.25 1.24 24.3
Year 6.24 1.65 27.1

Figure 2: The meteorological data obtained from NASA web portal for the two study sites .

The first State considered is Bayelsa in the South-South
Part of Nigeria. According to the meteorological data
obtained from NASA web portal, across Nigeria, Bayelsa
has the lowest annual average Peak Sun Hours. The second
State considered in this study is Sokoto which has the
highest annual average Peak Sun Hours (which is derived
from the global solar radiation on the horizontal plane

using, as given in Equation 3). According to Figure 2,
Bayelsa State has annual average Peak Sun Hour (PSH) of
4.12 hours whereas Sokoto State has annual average PSH
of 6.24 hours. Also, according to Figure 2, the annual
average temperature of Sokoto State is 27.1 °C which is
higher than that of Bayelsa State (which is25.5 °C).
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A constant daily load demand that consists of 2000 W the standalone PV power system is given in Figure 4 while
power that runs for 24 hours every day in the whole year is the selected system components and their key parameter
adopted, as shown in Figure 3. The schematic diagram of values are given in Figure 5
PVSYST V5.74 Stand Alone System: Detailed User's needs

Daily household consumers, Constant over the year, average = 48 kWh/day
Annual values

Mumber Power Use Emergy
Other uses 1 2000 W tot 24 hiday 48000 Whiday
Total daily energy 48000 Whiday
2 User's needs: daily profile definitions - o IEN

Hourly values
User's needs: domestic uses

2500 T T T T T T T T T T T ] Oh |z000 12 h|2000
! 1h 2000 13 h|2000
2000 Fa e e ey e e e ey e e e e ey e e e e e e e ey e e e 2h|2|:||:||:| 14h|2|:||:||:|
2h |2000 15 h | 2000
Zisooff ] 4h |z000 16 h | 2000
c% 5h |2000 17 k| 2000
<1000} ] Eh |2000 12 h 2000
£ 7h 2000 19 h 2000
soo Jb ] Bh |2000 20 k2000
Sh |2000 21 h|2000
0 ] N I ] ] N ] 1 N ] ] 10h |2|:||:||:| 22 h |2|:||:||:|
0 2 4 [ 8 10 12 14 16 18 20 22 24 11 h|2|:||:||:| 23h|2|:||:||:|
Operator [acting on all values) Dromestic uze Hourly values Average 2000 wf
. (0] 48 .0 kwh'd
e ldentical Walue (20000 WS v Auto, evening use Mzifhu;num 1440 kWh.-’mEti
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Figure 3 The daily load demand profile for the PVpower system
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Figure 4 The schematic diagram of the standalone PV power system
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PVSYST V5.74 Stand Alone System: Simulation parameters
Simulation parameters
Collector Plane Orientation Tt 0° Azimuth 0°
PV Array Characteristics
PV module a-Si:H tandem Model Millenia MST 50 MV

Manufacturer BP Solar
Number of PV modules In series 2 modules In paraliel 181 strings
Total number of PV modules Nb. modules 362 Unit Nom. Power 50 Wp
Array global power Nominal (STC) 18.10 kWp  Atoperating cond. 16.56 kWp (50°C)
Array operating characteristics (50°C) Umpp 134V Impp 123A
Total area Module area 298 m?
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 W/m*K Uv (wind) 0.0 Wm?K/ m/s

=> Nominal Oper. Coll. Temp. (G=800 W/m?*, Tamb=20°C, Wind=1 m/s.) NOCT 56 °C

Wiring Ohmic Loss Global array res. 19 mOhm Loss Fraction 1.5% at STC
Module Quality Loss Loss Fraction 5.0 %
Module Mismatch Losses Loss Fraction 1.5 % (fixed voltage)
Incidence effect, ASHRAE parametrization IAM= 1-bo(1/cosi-1) bo Parameter 0.05
System Parameter System type Stand Alone System
Battery Model Volta 6SB100

Manufacturer Volta
Battery Pack Charactenstics Voitage 120V Nominal Capacity 3100 Ah

Nb. of units 10 in series x 31 in paraliel

Temperature Fixed (20°C)

Regulator Model General Purpose Default
Technology Undefined Temp coeff. -5.0 mV/°Clelem.
Battery Management Thresholds Charging 135.0/1308V Discharging 117.6/1260V
Back-Up Genset Command 118.2/1290V
User's needs : Daily household consumers Constant over the year
average 48 kWh/Day

Figure 5 The selected system components and their key parameter values

3.1 Sizing of the PV System Components For the
Installation at Bayelsa State and Sokoto State
The actual component sizing in PVSyst for the specific PV
installation at Bayelsa State is shown in Figure 6.
According to Figure 6, the selected loss of load (LoL)
probability is 0.0% which means that the power supply is

designed to supply the demanded daily load of 48 kWh/day
without any outage all through the year. Also, 7 days of
autonomy is specified for the system. For the installation at
Bayelsa State, a total of 310 batteries and 362 PV panels

are required to meet
specifications.

the stringent

load demand
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el Stand-alone System parameters definition =
Presizing help
A, daidy needs : Enter accepted LOL 0.0 :ll % ll Battery [user] volage 120 :ll v il
= Suggested capacity 3100 &k
48.0 KwWh/day  Enter requested autonomy [7 = dayls) 7| Suacested PV 19.5 KWwp (nom.)
Select battery set
Soit Battenes by (% vollage " capaciy " manufactunes
[12v 100 Ah Wolta BSB100 Volta =1 B Open
10 | Batteiesinseiie 7 Number of batteies 310 Battery pack volage 120V
I:*ij Global capacity 3100 &k
Stored enesgy 372 kwh
Select module(s)
Sot modules byr (% power " technology " manufactunes [Al modules -]
| S0'wp 65 a5SiH tandemn Milleraa MST S0 MV BP Solar Photon Maq. 211;' ® Open I
= . .
[27 =" Moduesin serie _ Anay vokage at 50°C 134V
IIBI jr’ Modules in parallel | — . — = — Auray current 1234
362 Modules Auray nom. power [STC]  18.1 Kwp
<€ User's needs 3 Cancel W OK Next g |

Figure 6 The actual component sizing in PVSyst for the specific PV installation at Bayelsa State

The same component sizing of Figure 6was adopted for PV
installation in Sokoto State but the warning message from
the PVSyst software was that “the PV array power is
strongly oversized” as shown in Figure 7. This is because
Sokoto State has much higher PSH value which means that
a smaller number of PV modules are required to deliver the

same daily load demand like the PV installation at Bayelsa
State.  Accordingly, a second PV array sizing was
conducted for the Sokoto State, as shown in Figure 8. In
this second case, all other components sizes are kept
constant except the PV array which is adjusted and it now
has just 220 PV modules in the array, as shown in Figure 8..

Z2 Stand-alone System definition, Variant "BAYELSA B_1" - o lEE|
~Presizing help ]
A daily needs - Enter accepted LOL R 2| Battery [user) vokage  [120- v 9 |
= | Suagested capacity 3100 &h
48.0 Kwh/day E nter requested autonomy I? =i day(z=) i] e R 11.3 Kwp [nom.)
Select battery set
Sort Battenez by (% woltage ———  capacily " manufachurer
[12v 100 Ah ‘olta BSB100 Valta -1 B Open
0 =W Batteriesinseie ;| Mumberofbalteries 310  Battery pack vohage 120V
= Global capacit 3100 Ah
e — o TR
' ) Stored enengy 372 Kwh
Select module(s]
Sont modules by & poees ™ techrology  manufaciurer |.|5.|| miodules ;I
| 50WpBSY  aSiH tandem  Millenia MST S0 My BP Solar Photon Mag. 20C_~ | P Open |
P | : :
;lg Modules in serie Array voltage at D0°C 134
181 jr Modules in parallel Aray curment 1234
362 Modules Arrap nom, power [STC) 181 KwWp
=0 Uszer's needs x Cancel I W 0K ' Mext I |

Figure 7 The first version of the component sizing in PV Syst for the specific PV installation at Sokoto State
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Select battery set

e Stand-alone System definition, Variant "SOKOTO_B_1"
Prezizing help
& daily needs - Enter accepted LOL 00 = % =] Battery (user) voage  [120 = v 2]
== Suggested capacity 3100 &h
48.0 Kwh/day  Enter requested autonomy [7.0 = dayls) 7| Suggested PV power 1.3 kwip [nom.]

- oW

Sort Battenes by + voltage (™ capacily " manufacturer
[12v 100 Ah ‘olta BSB100 Volta = B Open I
o illf\? Baltenes in sene ) _—. | Mumber of balteries 310 Battery pack voltage 120
7 | Global capacity 3100 &k
El .
Stared eneigy 372 Kwh
Select module(s)
Soit modules by (% power ——— ( technology ™ manufactures [l modules -]
| 50%WpESY  aSiH tandem  Milenia MST S0 My BF Solar Fhoton Maq, 200_~ | B Open
z = e ——
;Ir; Modkdes in serie | i Array voltage at 50°C 134
[110 =<~ Moduiles in parallel i Amray cunent 7494
220 Modules Array nom, power [STC)  11.0Kwp
< User's needs X Cancel ! " OK Next B> ‘

Figure 8 The second version of the component sizing in PVSyst for the specific PV installation at Sokoto State

3.2 Economic Analysis For the Installation at Bayelsa
State and Sokoto State

The economic analysis for the PV power plants in the two

selected States was conducted in using the economic

analysis tool in PVSyst and the economic analysis input

dialogue box in the PVSysts is given in Figure 9. The same
input data for the economic analysis was used for the three
scenarios, namely, the PV installation in Bayelsa State and
the first and the second components sizing configurations
for the PV installation in Sokoto State.

. Economic evaluation - B “
Investment Financing
P modules 362 units of 50'Wp |35000.00 Maira/ pof— B Tases |2000 = EE45200,00 MWaira
Supports / Inkegration 100000  Maira / s Subsidies = |0.00 Maira
Battenes A0of 12VA1004N |ES000.00 Maira / po— Het investment  39871200.00 Mawa
Controlles 40000.00  Maira Annuities 282895962 Mara/w
Settings, wing, ... 00000 Maira Runining Costs 8693272 MNaira/w
Others, miscellaneous. . Detads I 0.00 Maira Total yearly cost  5015892.34 Naira / yr
Substitution undenworth - 100000  Maia
Gross investment. [excl. taxes] 33226000 Maira R Cikiency
Values & P | Duston (25 | reaee(l] b o]
" Ghobal  Bywp Rate W %
@ Bypiece ( Byn? X concel | [ Lok Ann. factor 710 %capsw| | @ Rates

Figure 9. The economic analysis input dialogue box in the PVSysts is given in

4 Results and Discussions

The summary of the PVSyst main system parameters for
the three simulation scenarios ( Bayelsa State, Sokoto State
Version | PV array configuration and Sokoto State Version
11 PV array configuration) are captured and shown in Figure
10. According to Figure 10, for Bayelsa State and Sokoto
State Version | PV array configuration the number of PV

modules used is 362 units and number of batteries used is
310 units. On the other hand, for the Sokoto State Version
Il PV array configuration the number of PV modules used
is 220 units and number of batteries used is still the same
310 units (same as in the previous two cases). In essence,
there is about 142 units (39.22%) reduction in the PV
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modules used in the Sokoto State Version Il PV array

configuration.

PVSYST V5.74 | 17/01/20 | Page 3/5
Stand Alone System: Main System Parameters

Main system parameters Bayelsa Systemtype Stand alone

PV Field Orientation ut 0° azimuth 0°

PV Anay Nb. of modules 362 Pnom total  18.10 kWp

Battery Model Voita 6SB100 Technology sealed, tubular

battery Pack Nb. of unts 310 Voltage / Capacity 120 V/ 3100 Ah

User's needs Daily household consumers  Constant over the year global 17.52 MWh/year

Main system parameters Sokoto V.1 Systemtype Stand alone

PV Field Orientation tit 0° azimuth 0°

PV Array Nb. of modules 362 Pnom total 18.10 kWp

Battery Model Voita 6SB100 Technology sealed, tubular

battery Pack Nb. of units 310 Voltage / Capacity 120 V /3100 Ah

User's needs Daily household consumers Constant over the year global 17.52 MWh/year

Main system parameters Sokoto V.2 Systemtype Stand alone

PV Field Orientation tit 0° azimuth 0°

PV Array Nb. of modules 220 Pnom total 11.00 kWp

Battery Model Volta 6SB100 Technology sealed, tubular

battery Pack Nb. of units 310 Voltage / Capacity 120 V /3100 Ah

User's needs Daily household consumers Constant over the year global 17.52 MWh/year

Figure 10. The summary of the PVSyst main system parameters for the three simulation scenarios; Bayelsa State, Sokoto State
Version | PV Array Configuration and Sokoto State Version Il PV Array Configuration

The reduction in the number of PV modules for the Sokoto
State Version 1l PV array configuration resulted in
significant reduction in the unit cost of energy (shown in
Figure 11), from 186 Naira/kWh (for the Bayelsa State and
Sokoto State Version | PV array configuration) to
161Naira/kWh (for the Sokoto State Version Il PV array
configuration). That gives 25Naira/lkWh (13.44 %)
reduction in the unit cost of energy. Also, according to thr
results in Figure 11, the initial investment cost is reduced
from 33226000 Naira (for the Bayelsa State and Sokoto
State Version | PV array configuration) to 28114000 Naira
(for the Sokoto State Version Il PV array configuration).

That gives 5112000 Naira (15.39 %) reduction in the initial
investment cost of the system. Also, the results in Figure
11, Tabkle 1 and Table 3 show that the case of Bayelsa
State has a total of 3082.3 kWh unused energy per year ,
performance ratio (PR) of 64.3 % and 0.0% loss of load
probability (Pr LoL), Sokoto State Version | PV array
configuration has a total of 14524 kWh , performance ratio
(PR) of 42.5 % and 0.0% loss of load probability (Pr LoL),
and Sokoto State Version Il PV array configuration has a
total of 3.274 kWh unused energy per year , performance
ratio (PR) of 69.9 % and 0.0% loss of load probability (Pr
LoL),
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PVSYSTV5.74| Stand Alone System: Economic evaluation Rayelsa

Investment

Gross investment  (without laxes) 33226000 Naira

Financing

Net investment (all taxes included) 39871200 Naira
_Tl.'ltll yearly cost 5015892 Nairalyear

Energy cost

Used solar energy 17.5 MWh / year

Excess energy (battery full) 3.1 MWh / year

Used energy cost 186 Naira/ kWh

PvsysTv5.74| Stand Alone System: Economic evaluation Soloto V.1

Investment

Gross investment  (without laxes) 33226000 Naira
Financing

Net investment (all taxes included) 39871200 Naira
Total yearly cost 5015892 Nairalyear
Energy cost

Used solar energy 17.5 MWh / year
Excess energy (battery full) 14.5 MWh / year
Used energy cost 186 Naira/ kWh
PVSYSTVs.74| Stand Alone System: Economic evaluation Sokoto V.2

Investment

Gross investment  (without laxes) 28114000 Naira
Financing

Net investment (all taxes included) 33736800 Naira
Total yearly cost 4580842 Nairalyear
Energy cost

Used solar energy 17.5 MWh / year
Excess energy (battery full) 0.0 MWh / year
Used energy cost 161 Naira / kWh

Figure 11. The summary of the PVSyst economic evaluation results for the three simulation scenarios; Bayelsa State, Sokoto
State Version | PV Array Configuration and Sokoto State Version Il PV Array Configuration

Table 1 The results on the performance ratio related parameters of the PV systems
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Harizontal . Uruged P lozs Mormalized | Performance
alobal Ambient energy [full | 4uz o Suyzhem P atio
inadiation | 1EMPErature | battery] loss | temperature | Losses
GlobHor T Amb EUnused Templss Lz FR
T C Kwh kw'h
Bayelsu 1505.4 25.48 3082.3 2748 0.211 0643
‘Sokoto V. 1 22771 2714 14524 BIT2.E 0,399 0,425
Sokoto V-2 22771 2714 3276 3508.2 0148 0,699
Table 2 The results on the loss of load related parameters of the PV systems
Avallable |Energyneed| Energy |Unused o Lass of Loss of
Solar  |of the suppliedto [energy [ful | 300 f;"r;i?g‘f Load Load
Energy  |user[Load] |theuser  |batten] logs | fraction Probability Druration
E Awail E Load E User | EUnused | SolFrac E Miss Pr LOL T LOL
k'wh kKwh kww'h kw'h k'wh % Houar
Bayelsa 21938 17520 17520 3082.3 1.000 0.000 0.00 0
Sokoto ¥. 1 34678 17520 17520 14524 1.000 0.000 0.00 0
Sokaoto V-2 18118 17520 17520 3.276 1.000 0.000 0.00 0
3. Kabir, Ehsanul, et al. "Solar energy: Potential and
In essence, the three PV systems were able to deliver the future prospects.” Renewable and Sustainable
required 48 kWh/day daily load demand but the Sokoto Energy Reviews 82 (2018): 894-900.
State Version Il PV array configuration gave the lowest 4. Singh, A. K., and S. K. Parida. "Evaluation of
overall cost and performance. In all, the results showed that current status and future directions of wind energy
it is more expensive to install and run PV power system in in India." Clean Technologies and Environmental
Bayelsa State than in Sokoto State. Policy 15.4 (2013): 643-655.
5. Conclusion 5. Creutzig, Felix, et al. "The underestimated
The sizing of PV power plant in Bayelsa and Sokoto as well potential of solar energy to mitigate climate
as the economic analysis are presented. The analysis was change." Nature Energy 2.9 (2017): 17140.
done using PVSyst software. The focus of the paper is to 6. Dincer, Ibrahim, and Canan Acar. "Smart energy
determine the minimum number of PV modules that can systems for a sustainable future." Applied
satisfy the daily load demand without loss of load. The energy 194 (2017): 225-235.
analysis used the peak sun hour (PSH) data of Bayelsa and 7. Kaltenegger, Lisa. "How to characterize habitable
Sokoto States and the data showed that Sokoto has much worlds and signs of life." Annual Review of
higher PSH value than Bayelsa. As such, the results showed Astronomy and Astrophysics 55 (2017): 433-485.
that 8. Widén, Joakim, and Joakim Munkhammar. Solar
the number of PV modules required for Sokoto State is Radiation Theory. Uppsala University, 2019.
much smaller than that of Bayelsa State. Also, the results 9. Bannon, Peter R. "Entropy production and climate
showed that the overall cost of PV power system, including efficiency.” Journal of  the  Atmospheric
the initial investment cost and the running cost are higher Sciences 72.8 (2015): 3268-3280.
for Bayelsa State when compared to those of Sokoto State. 10. Goosse, Hugues, et al. Introduction to climate
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