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Abstract— In this paper, simulated life cycle 
cost and carbon balance analysis of grid-
connected solar photovoltaic (PV) power system 
is presented. The PV power was for a hospital that 
is located in Abuja, Nigeria with latitude of 9.01 
and longitude of 7.29, as well  as  annual mean  
temperature of  24.7 °C and mean monthly global 
irradiance of 1988.9 kWh/m2.month. Also, the 
daily energy demand,  of the hospital is 11.5 
kWh/day. The life cycle cost analysis and the 
carbon balance analysis were conducted using 
PVSyst software. The results showed that the PV 
system performance ratio is 0.787 (that is 78.7%), 
total PV array nominal power is 8.93 kWp , annual 
energy yield is 14.42 MWh/year and solar fraction 
of 45.5%.  The economic evaluation simulation 
results show that the gross investment cost 
(without taxes) of the PV power system is 
33,424,990 Naira, the net investment cost (all taxes 
included) of the PV power system is 40,778,488 
Naira, and the unit cost of the produced energy is 
263 Naira/kWh.The carbon balance analysis 
simulation results show that the total savings or 
reduction in CO2 emissions is 112.469 tCO2, the 
annual savings or reduction in CO2 emissions is 
4.499 tCO2/year, the savings or reduction in CO2 
emissions per installed kWp power is 12.594 
tCO2.kWp and the yearly savings of CO2 
emissions per installed poweris0.504 
tCO2/kWp/year. 
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1. Introduction 
In recent years, the demand for electric energy is increasing  
[1,2,3,4,5,6,7,8,9,10] as more people are drawn towards 
adoption of electric-powered technologies like cell phone, 
mobile devices, web-based solutions, Internet of Things, as 
well as wireless sensors, eLearning solution, and many 

more [11,12,13, 14,15,16, 17,18,19, 20,21,22,  23,24,25, 
26,27,28, 29,30, 31, 32 ]. Many of these technologies are 
electronic and hence can be powered with batteries or 
relatively moderate capacity power supply systems. 
Moreover, in view of the lingering power shortage from the 
grid in many developing countries, alternative power 
supply options have been employed by many people to 
power their homes and office [33,34, 35,36, 37,38, 39,40, 
41,42, 43,44, 45,46, 47,48, 49,50].  
Notably, solar photovoltaic (PV) power supply has 
dominated the alternative green energy solution for the 
developing countries [51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 
61,62, 63, 64].  This has been attributed to the steady drop 
in the cost of the PV power components which makes it 
more affordable [65,66,67,68]. Also, the advancements in 
the PV and battery technologies have also improved on the 
efficiency of the PV power system. In addition, solar 
radiation is very much abundant in most of the developing 
countries in Africa [69,70,71,72,73].  
 
In any case, despite the expected benefits, the solar PV 
power system is still more expensive to set up than the 
diesel generator counterpart. Particularly, the initial cost 
and the unit cost of energy produced by the system are 
usually required for the solar PV power system adoption 
decision making. Such costs components are provided in 
the life cycle cost analysis [74,75,76]. 
Moreover, nowadays, environmental impact assessment is 
required for power systems [77,78,79,80]. This is 
particularly importance for power system for such places 
like hospital and other health facilities. As such, in this 
paper, a simulated life cycle cost analysis and the carbon 
balance analysis of a grid-connected solar PV power system 
is presented for a case study hospital located in Abuja, the 
capital territory of Nigeria. The simulation was conducted 
with PVsyst software based on the daily energy demand of 
the case study hospital, the meteorological data of the 
hospital site, and the prevailing cost dataset for the various 
PV power system components.  
 
2. Methodology 
2.1   Power Output Of PV Array 
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 The required PV array total power,  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃  to deliver 
the daily energy demand,  𝐸𝐸𝐿𝐿   is computed as follows 
[81,82,83]; 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃  =  𝐸𝐸𝐿𝐿
(𝑃𝑃𝑃𝑃𝑃𝑃 ∗ ɳ𝐵𝐵𝐵𝐵∗𝐾𝐾𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙∗Gd) 

              (1) 
Where PSI represents the peak solar intensity (1000 W/m2),  
Gd  represents the average solar radiation data at the 
installation site  (in KWh/m2/day), KLoss represents some 
loss factors that includes circuit losses, module temperature 
losses, dust, etc and ɳBO  represents the derating factors of 
the balance of system which is given as [81]; 

ɳ𝐵𝐵𝐵𝐵   = (ɳ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) �ɳ𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤�  
         (2)  

Where  ɳinverterlosses , ɳwiringlosses  and KLoss typical 
values  are 15%, 10% and 90%  respectively  [83,84]. The 
daily energy demand, 𝐸𝐸𝐿𝐿 is determined from the daily load 
demand profile of the hospital, which is taken from [81] 
and presented in Table 1.  According to the data in Table 1, 
the daily energy demand, 𝐸𝐸𝐿𝐿 is 11.5 kWh/day. 
 

Table 1 The daily load demand profile of the case study hospital 

 
 

2.2 Life cycle cost Analysis of the Grid-Connected PV 
Power System 

 
The PV array total cost,  𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃  is expressed in terms of 
𝑈𝑈𝑈𝑈𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃  (the PV array cost per watt),  𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝  (the total 
number of PV modules in the array) and 𝑃𝑃𝑃𝑃𝑃𝑃  (the rated 
power per PV module) as follows; 

 
𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃  =  𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝(𝑃𝑃𝑃𝑃𝑃𝑃)�𝑈𝑈𝑈𝑈𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�   (1) 

 
The cost of installation (𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ) is estimated as 12% of the 
cost of the PV array, hence,  

𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 0.12(𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃 )   (2) 
The charger controller cost (𝐶𝐶𝑐𝑐ℎ𝑐𝑐 ) is expressed in terms of 
per ampere unit cost of the charger controller (𝑈𝑈𝑈𝑈𝑐𝑐ℎ𝑐𝑐 ) and 
total charger controller ampere rating (𝐴𝐴𝑐𝑐ℎ𝑐𝑐 ) as follows; 

 
𝐶𝐶𝑐𝑐ℎ𝑐𝑐 =   𝐴𝐴𝑐𝑐ℎ𝑐𝑐 ( 𝑈𝑈𝑈𝑈𝑐𝑐ℎ𝑐𝑐 ) (3) 

The inverter cost (𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼 ) is expressed in terms of per watt 
unit cost of the inverter (𝑈𝑈𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼 )and total inverter power 
rating in watt (𝑃𝑃𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ) as follows; 

𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼 =   𝑃𝑃𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ( 𝑈𝑈𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼 ) (4) 

 
The battery bank initial cost (𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏 )is expressed in terms 
of 𝐵𝐵𝐵𝐵𝐵𝐵𝐴𝐴ℎ  (the ampere-hour rating of the battery) and 𝑈𝑈𝑈𝑈𝑏𝑏𝑏𝑏𝑏𝑏  
(the battery unit cost per ampere-hour rating) as follows; 

 𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏 = 𝐵𝐵𝐵𝐵𝐵𝐵𝐴𝐴ℎ (𝑈𝑈𝑈𝑈𝑏𝑏𝑏𝑏𝑏𝑏 )   (5) 
The system life cycle time is assumed to be 25 years, the 
battery useful life time is 5 years, then the battery discount 
rate, 𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏(n)  is computed as; 

 
𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵(n) =  𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏 �

1+i
1+d

�
n
 (7) 

Where i is the inflation rate and d is the discount rate and n 
= 5, 10, 15, and 20. The initial annual cost of operation and 
maintenance (𝐶𝐶𝑀𝑀&𝑂𝑂 ) is assumed to be 2.6 % of the cost of 
the PV array, then, 

  𝐶𝐶𝑀𝑀&𝑂𝑂 = 0.026(𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃  ) (8) 
The annual operation and maintenance cost (𝐶𝐶𝑇𝑇𝑇𝑇&𝑂𝑂 ) for the 
entire system lifetime of N years is computed as; 

𝐶𝐶𝑇𝑇𝑇𝑇&𝑂𝑂  =  𝐶𝐶𝑀𝑀&𝑂𝑂 �
1+i
1+d

� �
1−�1+i1+d�

N

1−�1+i1+d�
�    (9) 

   The solar life cycle cost (LCC) is then computed as; 
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  𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐶𝐶𝑐𝑐ℎ𝑐𝑐 + 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵(5) + 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵(10) + 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵(15) +
𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵(20) + 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼 + 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝐶𝐶𝑇𝑇𝑇𝑇&𝑂𝑂  (10) 

 
  The annual life cycle cost (ALCC) is computed as; 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =  𝐿𝐿𝐿𝐿𝐿𝐿 �
1−�1+i1+d�

N

1−�1+i1+d�
�  (11) 

The unit cost (UC) of the generated electrical energy 
expressed in cost per kWh is give in terms of ALCC and  
  𝐸𝐸𝑙𝑙    (which is the daily electric energy demand) as 
follows;  

 
𝑈𝑈𝑈𝑈 =  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

365(  El)
  (12) 

 
2.3  The Carbon Balance Analysis of the Grid-

Connected PV Power System 
 
Carbon balance is the reduction or the savings in the 
amount of CO2 emissions due to the PV system 
installation. 
The carbon balance ( 𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒  ) computation in PVSyst 
simulation software is conducted using the following 
parameters; 
• The energy yield of the system (EGrid) 
• The lifetime of the system (N =25 years) 
• The Life Cycle Energy (LCE) of grid generated electricity 
(LCEGrid) 
• The Life Cycle Energy (LCE) of PV system generated 
electricity (LCEPVSystem) 
 
The carbon balance analysis tool in PVSyst gives four (4) 
values, namely;  

i. The total savings or reduction in CO2 emissions 
(𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 ) expressed in tons of CO2 over the PV 
installation expected lifetime 

ii. The annual savings or reduction in CO2 emissions 
(𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 ) expressed in tCO2/year. 

𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 = 𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 
𝑁𝑁

      (13) 
iii. The savings or reduction in CO2 emissions per 

installed kWp power,( 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 )  expressed in 
tCO2/kWp 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 = 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 
PnomTotal

  (14) 
Where PnomTotal  is the array global power at 

STC , as presented in PVSyst simulation results. 
 

iv. The yearly savings of CO2 emissions per installed 
power, (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 ) expressed in 
tCO2/kWp/year 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 = 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 
𝑁𝑁

  (15) 
The annual result values are average obtained over the 
entire PV system lifetime while taking into consideration 
the annual degradation, which is set at 1 %.  
 
2.3 The simulation setup and data 
The simulation of the grid-connected PV power system was 
conducted using PYSyst software. Specifically, the focus 
was on the life cycle cost analysis and the carbon balance 
analysis. The case study hospital is located in Abuja , 
Nigeria with latitude of 9.01 and longitude of 7.29, as well  
as  annual mean monthly  temperature of  24.7 °C and 
annual mean monthly global irradiance of 1988.9 
kWh/m2.month. Also, the daily energy demand, 𝐸𝐸𝐿𝐿 of the 
hospital (as shown in Table 1) is 11.5 kWh/day. The 
schematic diagram of the grid-connected PV power system 
is shown in Figure 1 while the PV array and inverter 
confirmations for the grid-connected PV power system are 
shown in Figure 2. Again, the screenshot of the PVSyst 
economic analysis input dialogue and the dataset used for 
the grid-connected PV power system shown in Figure 3. 
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Figure 1 The schematic diagram of the grid-connected PV power system 

 

 
Figure 2 The PV array and inverter confirmations for the grid-connected PV power system 
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Figure 3 The screenshot of the PVSyst economic analysis input dialogue and the dataset used for  the grid-connected 

PV power system 
 

 
3. Results and Discussion 
 
With the daily energy demand (presented in Table 1), the 
PVSyst was used to select the specific PV module and 
inverter for the solar power system, as well as the required 
number of PV modules in the PV array, as shown in Figure 
2.  The screenshot of the results showing the PV system 
performance ratio of 0.787 (that is 78.7%), total PV array 
nominal power of 8.93 kWp  and annual energy yield of 
14.42 MWh/year is presented in Figure 4. The results in 
Figure 4 also shows the unit cost of energy as 263 
Naira/kWh and solar fraction of 45.5%. 

 
The results on the energy use and the user’s energy need are 
shown in Table 2 where is observed that the annual 

available energy is 14419 kWh, the annual energy demand 
of the user is 4380.0 kWh, the annual energy supplied to the 
load from the PV system is 1992.9 kWh and the annual 
energy injected into the grid is 12426 kWh.  Again, the 
solar fraction is 0.455 (that is 45.5%). 
 
The screenshot of PVSyst economic evaluation simulation 
results is shown in Figure 5. The economic evaluation 
results (in Figure 5) show that the gross investment cost 
(without taxes) of the PV power system is 33,424,990 
Naira, the net investment cost (all taxes included) of the PV 
power system is 40,778,488 Naira, and the unit cost of the 
produced energy is 263 Naira/kWh. 
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Figure 4 The screenshot of PVSyst simulation result showing the main system parameters, man simulation results, 

performance ratio and the normalized production of the grid-connected PV power system 
Table 2 The results on the energy use and the user’s energy need  
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Figure 5 The screenshot of PVSyst economic evaluation simulation results 

 
The screenshot of PVSyst carbon balance analysis 
simulation results is shown in Figure 6. The carbon balance 
analysis results (in Figure 5) show that the total savings or 
reduction in CO2 emissions (𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 ) is 112.469 tCO2, the 
annual savings or reduction in CO2 emissions (𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 ) is 
4.499 tCO2/year, the savings or reduction in CO2 
emissions per installed kWp power,( 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 )  is 12.594 

tCO2.kWp and the yearly savings of CO2 emissions per 
installed power, (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐶𝐶𝐶𝐶2𝑒𝑒 ) is0.504 tCO2/kWp/year. 
The screenshot of PVSyst simulation results showing the 
produced and the replaced carbon emissions is presented in 
Figure 7. Again, Figure 7  shows that the carbon balance is 
112.469 tCO2, 
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Figure 6 The screenshot of PVSyst carbon balance analysis simulation results 

 
 

 
Figure 7 The screenshot of PVSyst simulation results showing the produced and the replaced carbon emissions 
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4. Conclusion 
 
The life cycle cost analysis and the carbon balance analysis 
of a grid-connected PV power system is presented.  
Analysis is conducted using PVSyst software. The daily 
energy demand of a case study hospital was used for the 
sizing of the PV system components, including the PV 
array and the inverter. The life cycle cost analysis are based 
on the simulated energy yield of the PV system and some 
cost input dataset of the PV system components, their 
installation cost and maintenance cost.  
Furthermore, the carbon balance analysis was also 
simulated using the PVSyst. The simulation results show 
the produced and the replaced carbon emissions along with 
the carbon balance figure for the PV system. 
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