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Abstract— Sizing of PV array and battery bank 
of an off-grid solar power system for a health 
facility with 3-priority load categories is 
presented.  The health facility is located in Eket, 
Akwa Ibom State, and it is located at latitude of 
4.6370226 and longitude of 7.919093 with total 
load is 333.8 kWh per day. The study considered 
the effect of varying the days of power autonomy 
on the PV system while keeping the peak sun hour 
(PSH) constant. The results showed that the 
battery units increased from 260 at 1 day of power 
autonomy to 1810 at 7 days of power autonomy 
while the PV array is not affected. Again, the 
normalized missing energy dropped from 4.7 % at 
1 day power autonomy to 4 % at 7 days power 
autonomy whereas the normalized unused energy 
increased from 25.6 5 at 1 day power autonomy to 
35.8 % at 7 days power autonomy. On the other 
hand, the PV modules decreased from 728 at PSH 
of 4.901 to 562 at PSH of 6.82 while the days of 
power autonomy is 3. The variation in PSH does 
not affect the battery bank. In all, the results 
showed that increasing the days of power 
autonomy increases the battery bank capacity and 
number of battery units required while the PV 
array is not affected. On the other hand, 
increasing the solar radiation decreases the PV 
array power and number of PV modules required 
while the battery bank is not affected.  

Keywords— PV array Sizing, loss of load, 
battery bank sizing, off-grid solar power system, 
prioritized load 

 

1. Introduction 

In recent time years, solar power system has 
gained much attention as the dominant alternative energy in 
the Nigeria and beyond [1,2,3]. This has been occasioned 

by the solar radiation and sunshine hours in Nigeria that are 
suitable for large scale solar energy harvesting [4,5]. In 
addition the rising cost of energy from the national grid 
coupled with poor access to the national grid in remote 
locations across Nigeria has prompted the adoption of 
alternative energy to the grid source [6,7]. 

In practice, solar power system designers normally 
adopt strategies to minimize cost or required area of 
installation while satisfying the load demand [8,9]. For off-
grid solar power systems, the key components are the 
battery bank and the PV array [10,11]. The bigger the PV 
array, the larger the area required whereas more days of 
power autonomy may require more storage capacity 
[12,13]. Hence, PV system designers always use analytical 
models or simulation software to determine the PV array 
and battery bank capacity required for any given load 
demand [14,15]. In this study, the focus is to evaluate the 
impact of varying the solar radiation data and the days of 
power autonomy on the PV array and the battery bank. The 
outcome of the study will assist PV designers in making 
informed decision on the choice of days of power autonomy 
and solar data for sizing their PV power systems. 

2. Methodology 

2.1  The case study facility site  and the load demand 
profile 

The research considered a solar power for a health 
facility, in Eket,   Akwa Ibom State, and it is located at 
latitude of 4.6370226 and longitude of 7.919093 shown in 
Figure 1. The hospital’s electrical load is categorized into 
three different priority levels. The first level or priority 1 is 
for those loads that must be powered following their load 
demand specifications and without any power outage. The 
lowest level or priority 3 loads are those loads that will be 
powered when there is sufficient energy supply such that 
powering those priority 3 loads will in no way affect the 
power supply to the other two higher priority levels 1 and 2. 
In operation, the priority 2 loads are needed to be powered 
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batteries in the battery bank are computed as given in 
Equations 11 and 12 where 𝑁௕௔௧்  is the total number of 
battery in the battery bank  computed using Equation 13; 

𝑁௕௔௧ௌ ൌ
௏ೞ೤೟

 ௏್ೌ೟
    (11) 

𝑁௕௔௧௉ ൌ
ே೛ೡ೅

 ே೛ೡೄ
    (12) 

𝑁௕௔௧்  ൌ ቒ
 ஼್ೌ೟ಳ೙ೖ

 ஼௔௣್ೌ೟
ቓ    (13) 

Where 𝑉௕௔௧  is the individual battery voltage. Let  𝐸௕௔௧ெ௑  
denote the maximum energy that can be stored in the 
battery bank which is as expressed in Equation 14; 

 𝐸௕௔௧ெ௑ ൌ ሺ 𝐶௕௔௧஻௡௞ሻሺ 𝑉௕௔௧ሻሺɳ஻௔௧ሻ   (14) 

Let  𝐸௕௔௧஺௩௔௅ௗ   denote the maximum energy that can be 
delivered from the battery bank to the load given the DoD 
and battery capacity and the  𝐸௕௔௧஺௩௔௅ௗ  is expressed in 

Equation 15 as; 

 𝐸௕௔௧஺௩௔௅ௗ ൌ ሺ 𝐸௕௔௧ெ௑ሻሺDoDሻ   (15) 

Let  𝐸௕௔௧ோ௦௘௩  denote the maximum energy that must be 
reserved in the battery and hence cannot be delivered from 
the battery bank to the load given the DoD and battery 
capacity and the  𝐸௕௔௧ோ௦௘௩   is expressed in Equation 16 as; 

 𝐸௕௔௧ோ௦௘௩  ൌ ሺ 𝐸௕௔௧ெ௑ሻሺ1 െ DoDሻ   (16) 

2.3  THE ALGORITHM FOR SIZING OF THE 
SOLAR PANEL ARRAY, SIZING OF THE 
BATTERY BANK AND DETERMINING THE 
BATTERY ENERGY DELIVERY 
CONFIGURATION 

The algorithm for sizing of the solar panel array, 
sizing of the battery bank and determining the battery 
energy delivery configuration is given as Module 1 
Procedure. 

Module 1 Procedure: 
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Figure 5 Solar fraction (%)  for Priority 1,2 and 3 loads where  PSH =6.3447 and Total number of PV module in the 
array =564 

 

 

Figure 6 Solar fraction (%)  for all the load where  PSH =6.3447 and Total number of PV module in the array 
=564 
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Figure 8 Total number of PV Array where Days of Power Autonomy =3 

 

 

Figure 9 Total Power Rating  of PV Array (Wh) where Days of Power Autonomy =3 
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Figure 10  Solar fraction (%)  for Priority 1,2 and 3 loads where Days of Power Autonomy =3 

 

 

Figure 11 Solar fraction (%)  for all the load where Days of Power Autonomy =3 
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Figure 12  Normalized Unused Energy Fraction and Normalized Missing Energy fraction (%) 

4. Conclusion 

The approach used for sizing the solar power 
system deployed for powering a health facility is presented. 
The focus is on the evaluation of the effect of days of 
power autonomy and the peak sun hour on the sizing of the 
PV power plant is presented. The study considered 
standalone PV power plant focusing on the impact of the 
solar radiation on the PV array power rating and the 
number of PV required for a given load. It also examined 
the impact on the n\battery bank capacity and the number of 
battery units required.  In addition, the impact of the 
number of days of power autonomy on the PV array and 
battery bank were also evaluated. In all, the results showed 
that increasing the days of power autonomy increases the 
battery bank capacity and number of battery units required 
while the PV array is not affected. On the other hand, 
increasing the solar radiation decreases the PV array power 
and number of PV modules required while the battery bank 
is not affected.  
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