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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/kWh (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. 

 

Keywords— Solar Energy, Loss of Load ,  
PVSyst Software, Techno-Economic Analysis,  
Photovoltaic Power,  Life Cycle Cost Analysis 

 

 

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−2) 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-2 [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 𝐸𝑑  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 𝐸𝑑𝑃𝑉   

is higher than the daily energy demand at the load and it is 

given as; 

𝐸𝑑𝑃𝑉 =  
Dailyenergydemandattheload

Subsystemefficiency andderatingfactors
=  

𝐸𝑑

Ƞ𝑠𝑢𝑏𝑠𝑦𝑠𝑡𝐷𝑒𝑟𝑎𝑡
 (1) 

Where ; 

Ƞ𝑠𝑢𝑏𝑠𝑦𝑠𝑡 =  (Ƞ𝑏𝑎𝑡)(Ƞ𝑐ℎ𝑎𝑐𝑜𝑛𝑡)(Ƞ𝑖𝑛𝑣)(Ƞ𝐶𝑎𝑏𝐿𝑜𝑠𝑠)  (2) 

Ƞinv  is the 𝐶ℎ𝑎𝑟𝑔𝑒𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 

Ƞbat  is the 𝐵𝑎𝑡𝑡𝑒𝑟𝑦𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 

ȠchaContis the  𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 

ȠCabLoss  is 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 of the solar irradiance in kWh/m2

Peak solar radiation which is 1 kW/m2  (3) 

   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/m2 and it occurred in the month of 

July. The required PV array output peak power is denoted 

as 𝑃𝑃𝑉𝑃𝐾and it is given as; 

𝑃𝑃𝑉𝑃𝐾 =  
𝐸𝑑𝑃𝑉

𝑃𝑆𝐻
   (4) 

In order to account for safety factor of about 20% , the 

effective  required PV array output peak power is denoted 

as 𝑃𝑃𝑉𝑒𝑃𝐾 becomes;  

𝑃𝑃𝑉𝑃𝐾 = 𝑃𝑃𝑉𝑃𝐾(𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟)  (5) 

Similarly, in view of the safety factor, the effective required 

daily PV array output energy is denoted as 𝐸𝑑𝑒𝑃𝑉 becomes; 

𝐸𝑑𝑒𝑃𝑉 = 𝐸𝑑𝑃𝑉(𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟)  (6) 

The total dc current,  Idc is computed as; 

𝐼𝑑𝑐 =  
𝑃𝑃𝑉𝑒𝑃𝐾

𝐕𝑑𝑐𝑆𝑌𝑆
   (7) 

Where V𝑑𝑐𝑆𝑌𝑆 is the DC voltage of the system which in this 

case is 48V. Therefore 

The PV module watt peak power rating at standard test 

condition is denoted as WPVPK and module rated voltage 

(denoted as VPV) , The   selected PV module has WPVPK =
370 W  and VPV = 12 V . Then, the module numbers in 

series, denoted as NPVS is given as: 

NPVS =  
𝐕𝑑𝑐𝑆𝑌𝑆

VPV
    (8) 

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

NPVT =  
𝑃𝑃𝑉𝑒𝑃𝐾

WPVPK
  (9) 

Then, the module numbers in parallel, denoted as NPVP is 

given as: 

NPVP =  
NPVT

NPVS
   (10) 

2.3  Sizing of the Battery Bank (Storage) 

The battery bank capacity (Bcap ) is determined as follows: 

Bcap =  
(Total energy need )(Days of autonomy )

(Battery efficiency)(BatterySystemVoltage)(DOD)
 (11) 

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 (Nbs ) is given as; 

Nbs =  
BatterySystemVoltage

Battery nominal voltage
   (12) 

Total number of batteries (Nbt ) is given as ; 

Nbt =  
BatteryCapacity

Battery rated capacity (in Ah)per bettery
  (13) 

Number of batteries in parallel (Nbp ) is given as; 

Nbp =  
Total number of batteries 

Number of batteries in series
=  

Nbt 

Nbs 
  (14) 

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 = CI + CO&M + CBR           (15) 

 the initial investment cost (CI) ,  

 the present value of the cost of 

maintenance/operation (CO&M)  

 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.  

 

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

 
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 

power that runs for 24 hours every day in the whole year is 

adopted, as shown in Figure 3. The schematic diagram of 

the standalone PV power system is given in Figure 4 while 

the selected system components and their key parameter 

values are given in Figure 5  

 
Figure 3  The daily load demand profile for the PVpower system 

 

Figure 4 The schematic diagram of the standalone PV power system 
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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 the stringent load demand 

specifications. 
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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..  

 
Figure 7  The first version of the  component sizing in PVSyst for the specific PV installation at Sokoto State 
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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. 

 

 
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 I PV array configuration  and Sokoto State Version 

II PV array configuration) are captured and shown in Figure 

10. According to Figure 10, for Bayelsa State and Sokoto 

State Version I 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 

II 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 II PV array configuration.  

 
Figure 10. The summary of the PVSyst main system parameters for the three simulation scenarios; Bayelsa State, Sokoto State 

Version I PV Array Configuration  and Sokoto State Version II PV Array Configuration 

The reduction in the number of PV modules for the Sokoto 

State Version II 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 I PV array configuration) to 

161Naira/kWh (for the Sokoto State Version II PV array 

configuration). That gives 25Naira/kWh (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 I PV array configuration)  to 28114000 Naira 

(for the Sokoto State Version II 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 I 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 II 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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Figure 11. The summary of the PVSyst economic evaluation results for the three simulation scenarios; Bayelsa State, Sokoto 

State Version I PV Array Configuration  and Sokoto State Version II PV Array Configuration 

 

Table 1 The results on the performance ratio related parameters of the PV systems 
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Table 2 The results on the loss of load related parameters of the PV systems 

 
 

In essence, the three PV systems were able to deliver the 

required 48 kWh/day daily load demand but the   Sokoto 

State Version II PV array configuration gave the lowest 

overall cost and performance. In all, the results showed that 

it is more expensive to install and run PV power system in 

Bayelsa State than in Sokoto State. 

5.  Conclusion 

The sizing of PV power plant in Bayelsa and Sokoto as well 

as the economic analysis are presented. The analysis was 

done using PVSyst software. The focus of the paper is to 

determine the minimum number of PV modules that can 

satisfy the daily load demand without loss of load. The 

analysis used the peak sun hour (PSH) data of Bayelsa and 

Sokoto States  and the data showed that Sokoto has much 

higher PSH value than Bayelsa. As such, the results showed 

that  

the number of PV modules required for Sokoto State is 

much smaller than that of Bayelsa State. Also, the results 

showed that the overall cost of PV power system, including 

the initial investment cost  and the running cost are higher 

for Bayelsa State when compared to those of Sokoto State. 
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