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Abstract: This paper presents a design for a stand-

alone photovoltaic (PV) system to provide the required 

electricity for a gas well located in Delta Egypt. The 

complete design steps for the proposed gas well loads 

are carried out. Site radiation data and the electrical 

load data of a typical gas well in the considered site are 

taken into account during the design steps. The 

reliability of the system is quantified by the loss of load 

probability. A computer program is developed to 

simulate the PV system behavior and to numerically 

find an optimal combination of PV array and battery 

bank for the design of stand-alone photovoltaic systems 

in terms of reliability. Simulations results showed that 

a value of loss of load probability LLP = 0 can be met 

by several combinations of PV array and battery 

storage. This paper describes the design steps in stand 

alone photovoltaic system that include sizing of PV 

modules, battery storages and charge controller. 
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I. INTRODUCTION 
 

World's fuel sources are decreasing, and global warming 

phenomena cause the necessity of urgent search for 

alternative energy sources. The use of renewable energy 

reduces the dependency on fossil fuels, and it is proven 

that renewable energy has great potential and can be 

utilized to fulfill world energy demand [1]. Based on [2], 

photovoltaic (PV) system has become major alternative 

energy source, due to its growth rate more than 40% 

annually from last decades and rapid decrease in PV 

technologies cost. PV generation system requires almost 

no maintenances, the energy source is free and 

inexhaustible, and PV panel is very robust and has long 

life time [3]. 

Energy generated in PV system depends mainly on solar 

energy available at selected site. Geographical location, 

ambient temperature, clearness index, tilt angle and 

orientation of PV panel are the main factors that affect PV 

generation. Among other alternatives energy available, PV 

system is the most promising renewable energy in Egypt, 

since the system is clean, environment friendly, and this 

country is blessed with high intensity solar energy. 

However, solar energy is unpredictable, as solar 

radiation is varies and frequently changes, depend on 

weather and climate changes. Due to that, energy 

generated usually does not match with load demand. 

Hence, battery is needed as backup power supply. Before 

installation, it is important to ensure that the system will 

not be oversized or undersized; hence designer shave to 

make some pre-feasibility study on the system. 

In order to efficiently and economically utilize the solar 

energy, system sizing is necessary [4].Electricity 

consumption is very important in system sizing, as well as 

economic analysis, since overproduction can worsen 

economical results. Large self-consumption is desirable, to 

obtain lowest investment with full use of PV array and/or 

battery bank. 

During analysis, designers have to consider load 

consumption and site’s radiation profiles. Loads need to be 

estimated carefully and realistically. Over-estimation load 

will increase system cost significantly, and under-

estimating the load size will result continuous battery 

problems [5]. 

In this work a standard model based on daily energy 

balance is used to determine system size. Several design 

criteria are investigated. Numerical methods based on de- 

tailed simulations of PV system behavior which are per- 

formed over a specific period of time are used. The energy 

balance of the PV system and the state of charge of the 

battery are calculated daily. The simulation period is taken 

to be one year to have statistical significance of the value 

of loss of load probabilities LLP. A computer program is 

developed to simulate the PV system behavior and to 

numerically find an optimal combination of PV array and 

battery bank for the design of stand-alone photovoltaic 

systems in terms of reliability and costs. The detailed 

design and economic analysis of a stand-alone PV system 

to provide the required electrical energy for a gas well in 

Delta in Egypt is presented.  

 

II. SYSTEM FORECAST 
 

The accuracy of PV power model in prediction has great 

significance in system design. To predict energy output 

from the proposed system, an inclusive study on 

meteorological condition at the location of generation 

system was done. It is because the performance of PV 

modules is strongly depending on the sun light condition 

and cell temperature [6]. 

Solar radiation data often measured in horizontal plane 

without any obstacle or shading effect. Meteorological 

data was imported from Meteonorm 6.1, using PVsyst 

V6.10software. PVsyst V6.10 software is mainly used as 

an analysis, planning, design, and sizing tool. This 

software has its own Meteo database, and able to import 
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data from websites. 

Meanwhile, Meteonorm 6.1 is a comprehensive 

meteorological reference that has a meteorological 

forecast model to calculate hourly and minute value from 

monthly data for any sites. Table1 shows the average 

annual of global radiation in Egypt (Sidi-Ghazi site) at 

horizontal plane, generated from PVsyst software [7]. 

 

III. SYSTEM CONFIGURATION 
 

Fig. 1 shows the suggested configuration system in 

Egypt. PV array will converts sunlight into DC power 

Charge controller will manages energy flow in solar 

electric system, includes overcharge protection, deep 

discharge protection, system power management and user 

alert. DC bus voltage is nominal voltages for battery, 

charge controller, DC appliance and PV array. Most 

installers will use 24 VDC for bigger system. In such case, 

PV modules and batteries wired in series, and 24 V charge 

regulator. Battery store excess energy and supply the load 

during the night. 

A. Load Demand 

Load profile for a typical gas well is shown in Fig. 2 

below, and it is assumed that the energy requirement 

remains the same for each day in a year period [8]. The 

load profile is constant 6.108Kwh/day DC appliances. 

 
Table 1: Monthly Daily Average Insulation at Sidi-Ghazi. 
State Insulatio 

n Kwh/ 

m2/day 

Peak  

Sun  

Hour  

(PSH)  

(h) 

State Insulation 

Kwh/m2/da 

y 

Peak  

Sun  

Hour (h) 

Jan. 3.04 3.575 July 8.13 5.432 

Feb. 3.94 4.143 Aug. 7.48 5.5 

April 5.32 4.939 Sep. 6.38 4.51 

March 6.62 5.61 Oct. 4.94 4.39 

May 7.56 5.355 Nov. 3.54 3.937 

June 8.36 5.337 Dec. 2.8 3.96 

 

 

 

 

 

 

 

 
Fig. 1: Stand Alone PV System Configuration. 

 

 
Fig. 2: Load Profile Kwh/day. 

B. System Components 
As shown in Fig. 1 the PV Stand Alone System consists 

of PV arrays, charge controller and batteries. DC bus 

voltage selected is 24 VDC. 

a) PV array 

For PV module, Solar World-Germany SW140 poly 

R6Awas chosen for the analysis, since it is suitable for 

rural applications. It is poly-crystal cell module, and it's 

rated power in standard test condition (STC), Pmp_STC is 

140Wp. Since it has 12 V nominal voltages, the module 

will be connected two units in series, to match 24 VDC 

bus voltages. Its nominal STC current, ISTC is 6.28 A and 

short circuit current, Isc is 6.73 A. The module's 

dimension is 1.5 m x 0.68 m [9]. 

b) Battery 

Battery used for the system is from Sonnenschein A600 

Solar. The battery type is Absorbed Glass Mat (AGM), 

with individual capacity, Ibat1370 Ah at C20. Each 

individual battery voltage is 2 VDC. Hence, 12 batteries 

will be connected in series. Battery's depth of discharge, 

DOD is expected will not go below 80%, in order to avoid 

shortening battery's life [10]. 

c) Charger Controller 

Usually, there are two types of charge controllers used 

for off-grid application, which are PWM and MPPT 

charge controllers. PWM controllers use more simple 

operation, where it can optimize battery life and less 

expensive compared to MPPT controllers. However, it can 

only be used when battery and load voltage are matched. 

Meanwhile, the advantage of MPPT charge controllers is it 

can optimize power transfer by matching voltage for 

charging and battery's voltage state of charge, and can 

result 30% more efficient charging [11]. 
In this analysis, an PWM charge controller, 

StecaPowertarom 2140 is used. This controller is suitable 

to operate both 12 VDC and 24 VDC. Its charge and load 

output current rating is 70A. Besides, digital display 

monitors is available to monitor charge performances and 

it is protected against excess current, temperature, 

transient voltage and polarity [12]. 

 

IV. SYSTEM DESIGN 
 

In this paper, system design steps can be summarized 

into Fig. 3. The analysis will be done in Amp-hour 

method. The advantages of Amp-hour analysis is it takes 

account the real world behavior of PV system components. 

In addition, it is much easier to determine charge 

controller rating [5]. 

 
Fig. 3: PV System Design Flowchart. 
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A. PV Array Selection and Sizing 
PV output size must be able to meet total daily load 

demand plus extra energy to cover system losses. 

Beforesizing PV arrays, designers need to estimate solar 

energy available at the site (PSH for each month). Then, 

month with the lowest PSH (h), PSHlowest is selected as 

design month. Array size must be match with total daily 

energy requirement. 

Hence, based on Ireq (Ah) obtained, system charging 

current from PV array, Icharge(A) is calculated Eq. 1 [5]: � ℎ � = � ��     (1) 

Then, modules configuration and arrangement was 

determined based on preselect PV model as shown in Fig. 

4. First, number of parallel string, Np was calculated as 

Eq. 2, where ISCT is module's current output in STC 

condition. Next, series-connected modules in a parallel 

string, Nmod/strg can be calculated, where Vmod_rated is 

module's rated voltage using Eq. 3. Lastly, total PV 

modules, NPV can be calculated using Eq. 4 [5]: 

 
Fig. 4: PV Modules Configuration and Arrangement. �  = � � ��  ℎ �

   (2) � / � =  � � _�                     (3) � � =  � ∗  � / �    (4) 

B. Battery Selection and Sizing 
Battery capacity required, Ibatreq is calculated based 

onEq.5 [5, 13], where Nc is battery's reserved days, and 

DOD is battery's depth of discharge. Nc usually set as 1- 

4days, and it is advised that battery's depth of discharge 

should not be over 80%. Then, battery's configuration and 

arrangement was determined, based on preselect battery 

model, as shown in Fig. 5 [14]. Number of batteries in 

series connection for a parallel string, Nbat_series was 

calculated usingEq.6 where Vbat is individual battery 

voltage. Number of parallel connection, Nbat_parallel is 

calculated as Eq.7,whereIbatis individual battery capacity 

[5]. � =  ∗
    (5) � _ � =  ��     (6) � _ = � � ��    (7) 

 
Fig. 5: Batteries Configuration and Arrangement. 

 

C. Charge Controller Selection and Sizing 
This section shows how to decide charge controller's 

voltage and current rating, based on array size (input) and 

DC load requirement (output). Voltage rating needs to be 

sized according to DC bus voltage. Most controllers have 

equal battery charge rating, Icc_charge(A) and load current 

rating, Icc_output(A). Icc_charge and Icc_output are calculated as 

Eq. 8 and 9, where PDCload is total DC load power and 1.25 

is set as oversized factor to provide a margin for PV 

module and load current [15]. Then, the larger value from 

both Eq.s is chosen as charge controller rating [5]. � _ ℎ � =  � ∗ �� ∗ . 5   (8) � _ =  �� ∗ . 5   (9) 

 

V. RESULTS AND ANALYSIS 
 

A combination of 24 units of SW140 poly R6A modules 

and 12 units of Sonnenschein A600 Solar batteries were 

chosen to supply typical load profile in Egypt as shown in 

Fig. 2. Meanwhile, for charge controller, one unit of 

StecaPowertarom2140 Solar Boost 50. Table 2 below 

shows technical data of each component and Table 3 

shows the system performance summary. 

 

Table 2:System Sizing Summary and its technical Data. 
Site Summary 

SiteName: Sidi Ghazi      

 Location   : Egypt 

Latitude  : 31.2o N     

Longitude: 30o E 

Array Tilt : 45o 

Azimuth   : 0o 

Load Summary 

Design Total Load  : 6.108 kWh/day         

Min. Array Load Ratio (ALR): 1.08 

Annual Availability: 100%        

Max. Array Load Ratio (ALR): 1.55   

System Summary 

1-PV Module 
Manufacture            : Solar World    

Model : SW 140 poly       

PV Array Rated Power: 2.8 kWp 

Number of Modules: 24                    

Mod. Vmp: 18V         

 Mod. Voc  : 22.1V 

Series                   : 2                     

 Parallel String : 12             
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Mod. Imp                    : 7.85A 

Mod. Isc : 8.35A               

PV Array Volt : 24V            

Manufacture: GNB      

Mod. Rated Power   : 140Wp 

Solar Array Sizing Factor: Derating Factor for dust,  

wiring,…: 20% 

2-Battery Cell and Bank 

Model: A602/1695 Solar   

Cell Capacity: 1363AHC10 

Cell Volts    : 2V 

Battery Bank Volts : 24V  

Number of cells: 12        

Series:12   Parallel: 1 

Battery Bank Capacity: 1652.25AHC96     

Battery Bank Rated Days: 4 

Derating Factor for temperature and others: 10% 

Max. Depth of discharge: 80% 

 

Table 3:System Performance Summary and Load availability Analysis.  
Month Array Insolation 

(kWh/m2/day) 

Variability ALR (Array Load 

Ratio) (Ratio) (see 

Fig. 6) 

Average BSOC 

(Battery State of 

Charge) % 

(See Fig. 7) 

LOLP (Loss 

of Load 

Propriety) % 

(See Fig. 8) 

Jan. 4.47 10.1 1.13 70 0 

Feb. 5.18 7.54 1.31 90.1 0 

Mar. 6.1 5.84 1.54 94.8 0 

Apr. 6.61 3.88 1.67 95 0 

May 6.75 4.41 1.71 95 0 

Jun. 7.07 0.679 1.79 95.1 0 

Jul. 7.08 2.05 1.79 95.1 0 

Aug. 7.22 3.83 1.83 95.1 0 

Sep. 7.11 4.68 1.8 95.1 0 

Oct. 6.42 5.77 1.62 94.9 0 

Nov. 5.22 8.36 1.32 93.9 0 

Dec. 4.27 8.24 1.08 74.4 0 

System and performance Analysis 

Design Total Load                          :                             6.108 kWh/day 

PV array                                          :                               2.8kWp[ 

Battery Bank                                   :                              1652.25AhC96 

System Voltage                               :                              24V 

Average ALR                                  :                             1.55 

Annual availability                          :                            100% 

Average LOLP                                :                              0% 

Maximum LOLP                             :                              0% 

Minimum Average BSOC               :                             70% 

Minimum ALR                                :                             1.08 

 

 
Fig. 6: ALR Variation through the year. 

 

 
Fig. 7: BSCO Variation through the year. 

 
Fig. 8: LOLP Variation through the year. 

 

VI. CONCLUSION 
 

A sizing analysis of PV stand-alone system has been 

presented. The complete design steps analysis of the PV 

system is presented. A method based on calculating the 

yearly loss of load probability LLP has been presented for 

a PV sizing. According to local hourly measured 

meteorological data, load demand, the characteristic and 

reliability requirement on power supply. The optimum 

configuration which meets the load demand can be 

uniquely determined. For the optimum sizing of PV 

system, this method can be improved using hourly 
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analysis. Besides, artificial intelligence can be used to 

reduce calculation steps.  
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