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Abstract—Analysis of solar photovoltaic (PV) 

power system for health facility in AkwaIbom 
State is presented. The load demand profile of the 
facility is presented along with requisite 
mathematical expressions for the solar radiation 
and system components sizing. The system was 
simulated using PVSyst solar power simulation 
software. The simulation specification for the 
solar power system required a  5 days of 
autonomy and 5 % loss of load probability. The 
simulation results showed that the battery bank 
had 11800 Ah storage capacity at 48 V which 
amounts to 566kWh of stored energy. The PV 
array consists of 170 modules each with 200 watt 
rating which amounted to a total array power of 34 
kWp. Also, the system annual energy production 
was  51518 kWh/year, with specific energy yield of 
1515 kWh/kWp/year  and performance ratio of 
0.627 or 62.7 %. This means that about 37.3% of 
the energy produced per year was lost due to 
various system and PV module derating factors. 
Furthermore, the system has annual average loss 
of load probability (LOLP) of 0.17% and total of 15 
hours annual loss of load duration (LOSD). The 
maximum LOLP occurred in February with a value 
of 0.74 %  and LOLD of 5 hours. In all, the solar 
power system satisfied the maximum specified 
LOLP of 5 %. 

Keywords—Photovoltaic, Solar Power, Loss Of 
Load Probability, Loss Of Load Duration, Specific 
Energy Yield 

 

I.   Introduction 
Health facilities across Nigeria are mostly powered 
by standby fossil fuel electric generators [1,2,3,4,5,6]. 
This is because the electric power from the national 
grid is unreliable; in most cases the power is not 
available and when the power is available, in some 
cases, it is very poor in quality, such that it is not 
good enough to power some key equipment in the 
health facility [7,8,9]. However, as the cost of solar 
power continues to drop and the need for clean 
energy in health facility increases, some health 
facilities across Nigeria have begun to install  solar 

powered systems to power some of their electrical 
appliances [10,11,12,13,14,15].  
Accordingly, in this paper, the analysis of the solar 
photovoltaic (PV) power system for health facility in 
Uyo, Akwa Ibom State is presented. The study seeks 
to present requisite mathematical expressions that 
are used to select the key solar power systems, 
namely; the PV array and the battery bank. 
Furthermore, the study utilizes the popular PVSyst 
software [16,17,18] to simulate the standalone solar 
power system for the health facility based on the 
daily load demand profile and solar radiation data of 
at the health facility.  Through the use of the e 
simulation software, key system performance 
parameters are generated with which the power 
system assessed. Particularly, the system energy 
yield,   loss of load probability and loss of load 
duration are determined. These parameters are used 
to determine if the power system can satisfy the 
system daily load demand and for how long will it not 
be able to satisfy the load demand in a whole year. 
The reset of the paper presented that analytical 
expressions and simulation details used in the study. 

 
II. Methodology 
 
The health facility is Akwa Ibom state with a latitude 
and longitude of 5.029796, 7.942533 respectively. 
The daily load demand profile of the health facility is 
given in Table 1.  
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Table 1  The daily load demand profile of the health facility (Source : [19]) 

S/N Appliance Description Qty. 
Rated 
Power 
(Watts) 

Number of Hours 
Operated 

Total 
Kwh 
per 
day 

1 Blood bank Fridge 2 50 24 2.40 

  Vaccine Fridge 2 80 12 1.92 

2 Microscope 2 15 6 0.18 

3 Operating Lamp 1 125 4 0.50 

4 Syringe Pumps 2 600 1 1.20 

5 Air conditioners 2 746 6 8.95 

6 Lighting 56 100 12 67.20 

7 Hematology Mixer 1 28 4 0.11 

8 Incubators 2 400 7 5.60 

9 Curing light 1 90 3 0.27 

10 Microwave 1 700 3 2.10 

11 Medical Centrifuge 1 578 3 1.73 

12 Washing Machine 1 450 2 0.90 

13 PC and Printer 2 120 6 1.44 

14 TV 2 50 10 1.00 

15 Drier 1 500 3 1.50 

16 Ceiling Fan 6 100 8 4.80 

17       
Total Daily Energy 

Demand 99.41 

 
There are three components of the solar radiation 
used in solar PV system sizing; they are; the Direct 
Horizontal Irradiance (DHI), the   Direct Normal 
Irradiance (DNI) and the Global Horizontal Irradiance 
(GHI. The effective radiation that is incident on the 
tiled plane of the PV module  at any given time t is 

given in W/𝑚2as [20] ; 
𝐺𝑇 = 𝐷𝐻𝐼 ∗ 𝑅𝑏 + 𝐷𝐻𝐼 ∗ 𝑅𝑑 + 𝐺𝐻𝐼 ∗ 𝜌 ∗ 𝑅𝑔 

 (1) 
Where 

𝜌is the surrounding environment albedo factor. 
Rbis the tilt factor for the beam component (DNI) of 

the solar radiation, 
Rd  is the tilt factor for the diffused component (DHI) 

of  the solar radiation, 
Rgis the tilt factor for the GHI of the solar radiation, 

 
The cell temperature is (𝑇𝑐) in °C is given as [20,21; 

𝑇𝑐 = 𝐺𝑇 (𝑒(𝑎𝑐+𝑏𝐶∗𝑊𝑠)) + 𝑇𝑎 + ∆𝑇 (
𝐺𝑇

𝐺𝑟𝑒𝑓
)  (2) 

where 

𝑊𝑠the wind speed (m/s), 
𝑎𝑐is the coefficient used to the upper limit for cell 

temperature  . where𝑎𝑐 = −3.56 [21], 

𝑏𝐶is the coefficient that is used to determine the rate 
at which the PV temperature varies with wind speed.  

𝑎𝑐and 𝑏𝐶are empirically determined values,  where 
𝑏𝑐 = −.0750[21], 

𝐺𝑟𝑒𝑓isthe reference solar radiation at Standard 

Temperature Conditions (STC) .where  𝐺𝑟𝑒𝑓 =1,000 

W/𝑚2. 
𝑇𝑎is the ambient temperature (°C), 

∆𝑇is the temperature difference between the cell and 
module’s back surface, at 𝐺𝑟𝑒𝑓where ∆𝑇 = 3[21], 

The power generated by the PV array is given as; 

𝑃𝑃𝑉𝐴 = (𝑃𝑃𝑉𝑀)(𝑁𝑃𝑉𝑀) (
𝐺𝑇 

𝐺𝑟𝑒𝑓
) (1 + 𝐾𝑇(𝑇𝑐 − 𝑇𝑟𝑒𝑓)) [1 −

𝑓𝑙𝑜𝑠𝑠](3) 
Where 

PPVMis the STC  power rating of each module 

NPVMis the number of modules in the array 
𝐾𝑇 is the temperature coefficient  of power of the 
module 
𝑇𝑟𝑒𝑓is the reference STC temperature  

𝑓𝑙𝑜𝑠𝑠 is the loss or de-rating  factors associated with 
each module. 
 

If 𝐺𝑇(𝑡)is the effective hourly global radiation incident 

on the plane of the PV module, then the daily energy 
generated by the PV module per day, denoted as 
𝐸𝑃𝑉𝐷,  is given as [22]; 
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𝐸𝑃𝑉𝐷 = ∑ (𝑃𝑃𝑉𝐴)𝑡=24
𝑡=0 = ∑ ((𝑃𝑃𝑉𝑀)(𝑁𝑃𝑉𝑀) (

𝐺𝑇(𝑡)

𝐺𝑟𝑒𝑓
) (1 +𝑡=24

𝑡=0

𝐾𝑇(𝑇𝑐 − 𝑇𝑟𝑒𝑓)) [1 − 𝑓𝑙𝑜𝑠𝑠])(4) 

𝐸𝑃𝑉𝐷 =   (𝑃𝑃𝑉𝑀)(𝑁𝑃𝑉𝑀) [∑ ((
𝐺𝑇(𝑡)

𝐺𝑟𝑒𝑓
) (1 + 𝐾𝑇(𝑇𝑐 −𝑡=24

𝑡=0

𝑇𝑟𝑒𝑓)) [1 − 𝑓𝑙𝑜𝑠𝑠])](5) 

For the study site, the hourly global solar radiation on 
optimally tilted plane of 8° is shown in Figure 1. 

If the daily energy demand , denoted as is given  

along with 𝑃𝑃𝑉𝑀, then, then number os PV modules 
required,  𝑁𝑃𝑉𝑀 is given as; 

𝑁𝑃𝑉𝑀 =   
𝐸𝑃𝑉𝐷

(𝑃𝑃𝑉𝑀)[∑ ((
𝐺𝑇(𝑡)

𝐺𝑟𝑒𝑓
)(1+𝐾𝑇(𝑇𝑐−𝑇𝑟𝑒𝑓))[1−𝑓𝑙𝑜𝑠𝑠])𝑡=24

𝑡=0 ]

 (6) 

If the system voltage is 𝑉𝑆𝑌𝑆, the PV module  voltage is 

𝑉𝑃𝑉 , the number of PV module  in series, 𝑁𝑃𝑉𝑆  is 
given as 

𝑁𝑃𝑉𝑆 =
𝑉𝑆𝑌𝑆

𝑉𝑃𝑉
  (7) 

The number of PV module in parallel, 𝑁𝑃𝑉𝑃  is given 
as 

𝑁𝑃𝑉𝑃 =
𝑁𝑃𝑉𝑀

𝑁𝑃𝑉𝑃
  (8) 

The energy (EBAT) in Wh to be stored in the battery 
bank is given as ; 

EBAT =
(𝐸𝑃𝑉𝐷)𝑁𝐷𝐴

(𝐷𝑂𝐷)(ɳ𝐵)(ɳ𝑖𝑛𝑣)
  (9) 

Where  NDAis the number of days of autonomy, ɳBis 

the battery efficiency, ɳinv is the inverter efficiency and 
DOD is the depth of discharge . 

 
Figure 1: The hourly global solar radiation on optimally tilted plane of 8° 

 
If the system voltage is 𝑉𝑆𝑌𝑆, the battery cell voltage is 

𝑉𝐶𝐵 , the number of batteries in series, 𝑁𝐵𝑆  is given as 
[20,23] 

𝑁𝐵𝑆 =
𝑉𝑆𝑌𝑆

𝑉𝐶𝐵
  (10) 

If the battery cell capacity is  𝑄𝐶 , then the capacity of 
one string of battery in series in KWh, denoted as is  

𝑄𝑠𝑡𝑟𝑖𝑛𝑔 is given as [20]; 

𝑄𝑠𝑡𝑟𝑖𝑛𝑔 =
𝑁𝐵𝑆(𝑄𝐶)(𝑉𝐶𝐵)

1000
  (11) 

The battery capacity in ampere-hours, denoted as 

 BCis given as [23]; 
 

BC =
EBAT

𝑉𝐶𝐵
  (12) 

The number of batteries  NBATis given as [23] 
 

 NBAT =
BC

𝑄𝐶 
  (13) 

The number of batteries in parallel 𝑁𝐵𝑃  is given as; 
 

𝑁𝐵𝑃 =
 NBAT

𝑁𝐵𝑆
  (14) 

III. Results and discussion 
The PV power for the health facility is simulated using 
PVSyst .in the simulation, battery capacity is sized 
with 5 days of autonomy and maximum 5% loss of  
load probability. The LOLP, days of autonomy, 
selected PV and battery bank are shown in Figure 2. 
According to Figure 2, the battery bank has  11800 Ah  
storage capacity at 48 V which amounts to 566kWh of 
stored energy. The PV array consists of 170 modules 
each with 200 watt rating which amounted to a total 
STC array power of 34 kWp.  The graph of the 
selected PV module efficiency versus temperature is 
shown in Figure 3. The graph shows that the 
efficiency of the cell at STC temperature of 25°C and 

solar radiation of 500W/𝑚2  is about 11% whereas at 

the same 500W/𝑚2 and cell temperature of  40°C the 
efficiency of the cell is about 10%. There is further 
drop in the efficiency of the cell as the cell 
temperature increases. This affects the energy yield of 
the solar power system. 
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Figure 2; The LOLP, Days of Autonomy, Selected PV and Battery Bank 

 
 

 
Figure 3  The graph of the selected PV module efficiency versus temperature 
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Figure 4 The main PVSyst result for the system 

 
Table 2 The Energy use and loss of load table 
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The PVSyst  main result screenshot in Figure 4 
shows that the system annual energy production is 
51518 kWh/year, with specific energy yield of 1515 
kWh/kWp/year  and performance ratio of 0.627 or 
62.7 %. This means that about 37.3% of the energy 
produced per year is lost due to various system and 
PV module derating factors.  
Table 2 shows that the system has annual average 
loss of load probability (LOLP) of 0.17% and total of 
15 hours annual loss of load duration (LOSD). This 
means that in a year with about 8760 hours , only in 
about 15 hours will the energy demand of the health 
facility not be satisfied. The maximum LOLP 
occurred in February with a value of 0.74 %  and 
LOLD of 5 hours .In all, the solar power system 
satisfied the maximum specified LOLP of 5 %.  

 
IV. Conclusion 

 
Solar PV power system for a health facility in Uyo 
Akwa Ibom State is presented. The daily load demand 
of the health facility is determined along with the daily 
average solar radiation. The mathematical models for 
the determination of the key system components are 
presented and the system is simulated using PVSyst 
solar power system simulation software. The result 
showed that the solar power system will satisfy the 
stringent loss of load probability specified for health 
facility. 
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