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Abstract— Direct conversion of solar irradiance into 

electricity can be used as electrical power source for 

home to meet its daily energy requirement. This paper 

presents the complete design of a stand-alone 

Photovoltaic system (SAPV) to supply electric power for 

a traditional house in city of Misrata-Libya according to 

its energy requirements. This paper outlines in detail the 

procedure for specifying each component of the 

standalone photovoltaic power system. This system can 

be installed on the roof and the south side of the cabin. 

The results show that the sizing of PV stand-alone system 

depends on the load data, the solar resource data and the 

investment cost of system components. To power these 

appliances, 79 strings of one with average daily energy of 

13.9 kWh. In addition, 52 batteries in the battery bank 

with system battery capacity of 1300 Ah and voltage 48V, 

and one charge controller are required. Simulation 

results and analyses are presented to validate the 

proposed system configuration. 

 
Index Terms: Photovoltaic, standalone Photovoltaic 

system, off grid system, Maximum Power point tracking, 

Inverter, Solar PV panel, Solar batteries. 

I. INTRODUCTION 

olar energy is clean, free available, environment 

friendly and secure energy source.  Conventional 

methods of generating electricity can produce 

pollutants such as carbon dioxide that is considered as 

the main gas responsible for global warming. One way 

to invest the sun’s power is photovoltaic technology.  

The central component of any photovoltaic power 

system is the solar cell. The transducer directly 

converts the sun's radiant energy into electricity. The 

only resource needed to power a solar cell is sunlight; 

through the photovoltaic effect, the energy contained 

in the sun light can be converted directly to electrical 

energy. Photovoltaic systems represent a silent, safe, 

not pollutant and renewable source of electrical energy 

[1].  The time line of solar cells began in the 19
th

 

century when it is observed that the sunlight striking 

certain materials generates detectable electric current.  

Solar cells have gone on to be used in many 

applications. They have historically been used in 

situations where electrical power from the grid was 

unavailable.  

    The price of the panels had been falling on a regular 

basis and the present day price is USD 0.3/watt [2]. 

Libya is blessed with enough sunshine that can meet 

our energy demand without any compromise and it is 

pollution free. 

II. DESCRIPTION OF STANDALONE 

PHOTOVOLTAIC  SYSTEM 

A photovoltaic system (PV), also known as solar 

power system, is a power system designed to supply 

usable solar power by means of photovoltaic. It is a 

collection of interconnected electrical components, 

using which we can generate electricity from sun light 

and satisfy our daily energy requirement without 

worrying about any interval when the sunlight may not 

be available [3].  It consists of an arrangement of 

several components, including solar panels, charge 

controller, solar inverter, batteries, as well 

as mounting, cabling and other electrical accessories to 

set up a working system as illustrated in Figure (1). It 

may also use a solar tracking system to improve the 

system's overall performance. The following gives a 

brief review of the functions of the PV system 

components. 

1.  Solar Panels 

     Electricity can be produced by using sunlight.        

Sunshine is free and never gets used up. In addition, 

the sunlight that hits the Earth in an hour has more 

energy than the people of the world use in a year. A 

device called a solar cell or Photovoltaic can make 

electricity right from sunlight. A solar cell does not 

give off any gases. It does not even make any noise. A 

solar panel is a group of solar cells that work together. 

The use of solar cells is growing fast in the United 

States and many other countries. The cells are made of 

a type of material known as a semiconductor. Often, 

they are made of silicon. A typical simple cell has two 

layers of silicon. One is known as n-type, the other is 

p-type. The layers are different from each other. The 

process of making electricity begins when the silicon 

atoms absorb some light. The light’s energy knocks 

some electrons out of the atoms. The electrons flow 

between the two layers. The flow makes an electric 

current [5]. 
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    While there are numerous brands on the market, 

there are essentially just three types of technologies 

involved in making a solar panel – monocrystalline, 

polycrystalline and thin film amorphous. 

    The panels may be connected in series or parallel. 

The   series interconnection scheme offers a higher 

output voltage, which is the voltage sum of the 

individual  

 
Figure 1. Components of Off Grid PV System [4] 

 

     array voltage. Consequently, current is limited to 

individual module current due to series connection. 

The power generated in this case is more than a single 

module, but it can only cater to medium power loads. 

Same is the case with parallel connection wherein, the 

system current is the current sum of individual module 

currents and system voltage is limited to the voltage of 

an individual module. Therefore, to cater to the high 

power loads combination of series and parallel 

connection is used [6]. 

    The PV array should be sized properly to provide 

enough energy to the loads and for charging the 

batteries. The size of PV arrays is dependent on the 

solar radiation available. 

 

2. Charge Controlle 

     The primary function of a charge controller in a 

stand-alone PV system is to maintain the battery at 

highest possible state of charge while protecting it 

from overcharge by the array and from overdischarge 

by the loads [7] and allow solar panels to operate at 

their optimum power output voltage, improving system 

performance. PWM (Pulse-Width Modulation) and 

MPPT (Maximum Power Point Tracking) are the two 

different types of charging methods solar charge 

controllers can use to charge batteries from a solar 

array/panel. Both technologies are widely used in the 

off-grid solar industry and are both great options for 

efficiently charging your battery.   

 

3.  Storage Battery 

    Its function is to store energy during sunshine hours 

and supply current to load during non-sunshine hours. 

Batteries store direct current electrical energy in 

chemical form for later use. A battery is charging when 

energy is being put in and discharging when energy is 

being taken out. Different types of batteries that can be 

incorporated in solar PV system such as Lead-acid 

battery, Lithium –ion battery, Alkaline batteries, etc. 

[8, 9]. 

    Chosen number of batteries depends on the load and 

days of autonomy that represents the number of days 

that a fully charged battery can meet the system loads 

without any recharge from the PV array [10].  

     Solar battery depth of charge (DoD) is an important 

factor to be considered when choosing the battery and 

expressed as a percent of total capacity. The further 

you discharge a battery, the fewer cycles that battery 

will be capable of completing i.e. deeper discharge 

shortens battery life. It is recommended that you never 

discharge a deep cycle battery below 50% of its 

capacity; however, many battery manufacturers 

recommend even shallower DoDs. For off-grid 

applications, a 25% DoD will extend battery life 

significantly. Figure (2) illustrates the relation between 

depth of discharge and cycle life. 

 

 
            Figure.2. Depth of Discharge Verses Cycle Life 

 

4. Inverter 

    A solar inverter or PV inverter is a critical 

component in a photovoltaic system. Most of the 

applications in a residential building generally use AC 

current, whereas PV module and battery bank are 

power source of DC current. The job of the inverter is 

to convert DC power generated by the photovoltaic 

cells into AC power [11] allowing the use of ordinary 

commercial appliances. 

III. DESIGN BY  PVSYST V6.63 

    PVsyst can provide almost everything that needs to 

design a PV home system. It illustrates the number of 

pv module, battery, inverter size, pv modue loss factor, 

energy calculation, hourly profile, P-V curve, 

maximum power point and more.  PVsyst has a rich 

database of lot of popular batteries and pv modules 
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companies. In addition, it includes a vast geographical 

database that can provide precise information about the 

solar irradiance and temperature of a particular 

location of a country all over the world. The following 

steps should be used to complete the system design by 

this software: 

 

A. Geographical location and meteorological data  

    The building is located in Misrata city at latitude 

32.19 degrees north and Longitude 15.03 degrees east. 

It has an average ambient temperature 21.1 ºC and 

wind speed about 3.8 m/s. The total area of the 

building is 120 m
2
. Solar radiation across the city 

shows a massive potential for the photovoltaic 

technology. Figure (3) shows the monthly global and 

diffuse radiation. 

 

B. Energy Consumption 

    To design SAPV system, the energy demand must 

be determined to avoid oversizing the power system, 

which can be led to additional cost. The energy 

demand consumption is determined based on the daily 

power used and its operating time. The daily load 

energy consumption for the house is shown in table 1. 

 

C. System Configuration 

     The combination of all components as shown in 

Figure (4) illustrates the system configuration. To 

receive the maximum amount of solar radiation the PV 

array needs to be placed at a certain angle. For a fixed 

PV array, typically the array needs to be oriented to 

face south in the Northern hemisphere. Optimum PV 

array output can be achieved using tilt angle 

approximately equal to the site’s latitude. Figure. (5) 

illustrated the optimum panel azimuth and tilt angle all 

over the year in case of using fixed angle.  

       

 
          Figure.3.Global and Diffuse Solar Radiation 

 

 

 

 

 

 

 

 

Table 1. Household Appliances and Lighting Load During Summer 

Load type 
No of 

unit 

Rated 

power(W) 

Hours 

used/day 
kWh/day 

Energy saving 

lamps 
10 15 5 0.75 

TV set 1 100 7 0.7 

Computer 1 90 5 0.45 

Refrigerator 1 60 10 0.6 

Iron 1 800 0.5 0.4 

Air 
conditioning 

2 1200 4 9.6 

Washing 

machine 
1 1200 0.5 0.6 

Total 
   

13.1 

 

 
Figure.4.The SAPV System Configuration 

 

 
 

Figure.5. Optimum Azimuth and Tilt Angled for the Panel 
Used in this Study 

 

D. PV Module Configuration  

    The size of PV arrays is critically dependent on the 

solar radiation available and the mount of requirement 

load. Large number of solar modules is connected to 

make arrays. The PV array should be sized properly to 

provide enough energy to the loads and for charging 

the battery. Table (2) shows the parameters of PV 

module used in this study.  
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Table.2. PV Module Characteristic 

Specification Parameter 

Type of PV module 
 

Tessrsolar_TS40 a-Si:H single 

Nominal power (Pnom) 

KWp 
 

3.16 

Short-circuit current (Isc)  A 
 

1.2 

Open-circuit voltage (Voc)  

V 
 

62.2 

Maximum current (Imp)  A 
 

0.9 

Maximum voltage (Vmp) V 

 
44.8 

 

E. Storage battery and battery charging controller 

specification  

    The battery proposed is Lead-acid, vented plates 

from Generic with 100Ah, capacity 97%, and the 

nominal voltage for each cell is 12 V. The battery, 

which has 48 V of system voltage, expected capable 

supporting the electrical load for 3.2 days. The charge 

controller is Generic Universal controller with MPP 

converter that has max charging and discharging 

current are 52.7A and 11.4 A respectively. 

F. Results of the simulation  

    From the PVSYST software simulation, the total 

battery required is 52 (4 in series and 13 in parallel) in 

order to satisfy the energy requirement. Battery pack 

voltage is 48 V and storage energy at 80% DOD is 

49.9 kW.  

    There are 79 units in series of PV module selected in 

order to satisfy PV array configuration. The PV array 

must have adequate energy supplies to the load and 

charging the batteries. About 3200 Wp (Watt peak) of 

nominal power from PV array expected to be 

generated. The output of a PV module depends on the 

amount of solar radiation, the temperature of the 

module, and the load demand. Figure (6) illustrates the 

incremental level of radiation at constant temperature 

(ambient temperature = 25 ºC), increased the power 

output of the PV module. 

    From Table (3), the average available solar energy 

(Eavail) collected by the PV array for the whole year is 

5438.795 kWh. Only 5233.1 kWh of effective energy 

from the PV array (Earray) can be produced. The drop 

in energy occurs due to some losses such as PV array 

quality loss, unused energy loss, and ohmic wiring 

loss. However, the energy produced by PV array is 

sufficient to cover the annual load (Eload) which is 

4781.6 kWh. 

IV. CONCLUSION 

     This paper provides that solar power need to be 

implemented in Libya. The PVSYST software was 

used to evaluate the SAPV system. 

     Figure.6. IV (Current- Voltage) Versus Irradiance 
 

Table.3. The Power Produced by the SAPV System 

Month Eavail KWh 
Earray 

KWh 
Eload KWh 

January 369.222 395.9 406.1 

February 380.611 407.8 366.8 

March 495.313 470.6 406.1 
April 509.078 448 393 

May 525.668 464.2 406.1 

June 493.544 445.5 393 
July 525.839 466.7 406.1 

August 524.147 463.9 406.1 

September 463.07 447.3 393 

October 420.573 438.8 406.1 

November 382.897 410.4 393 

December 348.833 374 406.1 
Year 5438.795 5233.1 4781.6 

      Eavail: Available solar energy   
      Eload: Energy need of the user (load) 

      Earray: Effective energy at the output of the array 

 

    The simulation results for a PV system’s output 

depend upon simulated project location, 

meteorological inputs, and system design parameters. 

    In this design, solar photovoltaic system with 52 

batteries and 79 PV modules are required to meet the 

power demand of 3200W of the appliances of the 

residential building considered. Although the stand-

alone solar photovoltaic has high initial cost, 

durability, reliability, sustainability, ease of 

maintenance, and environmental friendliness. These 

make the system attractive for residential and other 

pertinent applications. Further studied is needed to 

cover the cost of the solar energy output from the 

designed system. 
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