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Abstract 

Around the world renewable energy sources are being promoted 

to generate electricity due to depletion of fossil fuel and also their 

effect on environment. Solar energy can be substitute of these 

fossil fuels to generate electricity especially in remote and rural 

areas of India because of geographical location and around 300 

days availability of sun. This paper presents the designing and 

economic analysis of 10 kW stand-alone solar PV energy systems 

at Bhopal (M.P.), India with latitude        and 

longitude        by using PVsyst and HOMER software. The 

energy cost obtained from HOMER is 15.6 INR/kWh although 

from PVsyst it is 14.3 INR/kWh. The proposed work focuses on 

the energy cost for per kWh of generated electricity and will 

discuss the obtained results. 
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1. Introduction 

Electricity production in India mainly depends on coal and oil. 

Though these energy sources are decreasing continuously and 

phenomenon of polluted environment causes a requirement of 

alternative energy source. Solar energy is the promising source of 

clean and green energy generation [1]; in India it is available 300 

days for 7-8 hours per day, also non-polluting and maintenance 

free. It has attractive feature that its power output matches entirely 

with the peak load demand. It produces more power in sunny days. 

[2] Though diesel prices rises frequently and it also effect 

environment, solar energy is progressively taken as effective source 

of electrification, for rural and isolated areas where extension of 

power supply is a typical and expensive task [3] , [4]; also it give 

opportunity to build environmental friendly solar PV energy system 

[5]. It has many more advantages, although it’s very costly to 

install them but it is cheaper to maintain [6], [7] .  

In 2015, design and economic analysis of Stand-alone solar PV 

energy system at site of Malaysia is proposed and indicate the 

results for life cycle cost and levelized cost of energy which is 

based on solar irradiation data obtained from Meteonorm 7.1 using 

PVsyst software [8]. In 2014, a research were finding out in Kings 

Faisal University of Saudi Arabia to analyze the shading effect due 

to surroundings on PV arrays and calculates the cost of energy on 

the basis of installation, operation and maintenance cost of different 

equipments by using PVsyst and HOMER software [9]. Economic 

analyses of stand-alone solar PV energy system is done and 

investigate effect of some parameters such as depth of discharge 

(DOD), battery bank voltage, controller and solar irradiation on 

cost of energy. It concluded that high solar irradiation can reduce 

number of PV arrays, also development of new configuration or 

more investigation is required to reduce battery bank cost which 

plays a vital role in case of cost of energy [10]. HOMER and 

Windowgrapher softwares are used to analyze the performance of 

hybrid system of solar and wind energy sources and concluded that 

it is more cost effective system rather than use a single renewable 

source [11]. A systematic procedure by using HOMER software is 

discussed to plan a hybrid generation with solar and wind 

renewable sources for off grid power and also integrate it with local 

grid to compare the proposed systems. Finally concluded that the 

system is initially costly but recurrent exploit and acceptance of this 

technology with proper maintenance of this system can decrease its 

cost [12]. A methodology is used to optimize the size of hybrid 

system of solar energy with micro-turbine as a backup source and 

concluded that the hybrid system gives better results in cost of 
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energy and carbon emission as compared with either standalone 

solar PV energy system or micro-turbine [13]. A grid connected 

and stand-alone solar energy system are economically analyzed by 

HOMER software to compared levelized cost of energy when 

government is providing subsidy of 30% on PV panels. In this 

research results concluded that if grid connected system is 

considered than levelized cost of energy is less than grid only 

system and for stand-alone it is more enough in comparison to grid 

only system but it is beneficial for environment and long term run 

system [14]. A stand-alone solar PV energy system of 5 kW is 

designed by using RETSCREEN software by recommending that 

maximum power point tracker can be used in stand-alone solar PV 

energy system to make it more efficient and it also increase the 

solar fraction value of system by providing economic benefits and 

reduce number of PV units required to fulfill energy needs [15]. 

Evaluation of  the technical performance of 110 kWp roof top grid 

connected solar PV energy system in MANIT hostel at the location 

10 Km North in Bhopal, India by using SolarGIS PV planar and 

PVsyst softwares [16]. Performance evaluation of 1 kW stand alone 

solar PV energy system designed for small homes in rural areas 

sited in India. Here the author found that the generated energy is 

not properly consumed or stored, as the huge amount of generated 

energy is used by consumers but the balance amount had been 

waste due to full condition of batteries or due to low demand period 

[17]. The energy yield can be increase in partial shading condition 

of PV arrays by minimizing the connection in series and parallel 

strings [18]. 

This paper presents a 10 kW stand-alone solar PV energy system 

for community which contains 5 houses with average population of 

30 at near periphery of Bhopal (M.P.), India by using PVsyst and 

HOMER softwares. Further sections explains about the modeling 

and sizing of proposed system, designing tools, result and 

discussion in which output from both the softwares will compare 

and discusses, work finally conclude that PVsyst is best software to 

design the proposed system. 

 

2. Modeling of Solar PV Energy System 

Modeling of solar PV energy system includes PV module sizing, 

converter sizing, battery sizing and module circuit design. It also 

required geographical details such as solar radiation and 

temperature. 

 

Figure 1 Schematic diagram of Solar PV Energy System 

a. Solar PV Module Sizing 

Modeling of solar PV energy system requires PV module which 

sized according to panel generation factor, energy required by load, 

watt peak rating and number of PV module [5].   

i. Solar PV module circuit 

It means the number of modules to be connected in series to form 

an array. They are connected in series and parallel depending upon 

the solar PV arrays to generate DC power directly from the sun’s 

intercepted solar power. 

                          
    

      
    

             (1) 

                                   

              (2) 

                            
   

   
     

             (3) 

Where, 

     = Maximum open circuit voltage of inverter 

        = Open circuit voltage of each PV module 

     = Maximum voltage input to the inverter 

    = Maximum voltage from a module 

    = Number of modules in series in an array 

    = Total number of modules in the solar field 

   = Total number of Arrays in the solar field 
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ii. Panel generation factor  

Panel generation factor is a key element in designing a solar PV 

energy system which gives for every watt peak rating (  ) capacity 

in the panel to get an average of          and it is different in 

each site location. 

                                          
    

    
                            (4) (4) 

Where, 

     = Panel generation factor 

     = Solar radiation in       

     = Solar radiation under standard test condition in      

iii. Energy required from PV modules 

Energy required from PV modules will be daily energy demand of 

load and compensation for the system losses which is generally 

taken as 30%, therefore the total energy required will be 

                                           

            (5) 

Where, 

    = System losses compensation factor  

    = Energy required from PV panel in     

   = Energy demand in     

iv.  Watt Peak rating for PV modules 

Total Watt peak rating for PV modules is calculated to identify 

system sizing which depends on the energy required from modules 

and panel generation factor 

                                         

             (6) 

Where, 

    = Total watt peak rating in     

    = Energy required from PV panel in     

    = Panel generation factor 

v. PV modules 

The total number of modules required is depend on the peak rating 

of the module 

                           
  

     
     

           (7) 

Where,  

   = Total watt peak rating in    

    = Total number of modules in the solar field 

      = Peak rated power output in    

b. Battery Sizing 

For solar PV energy system the batteries are common storage 

medium to operate appliances in night and cloudy days, also it 

should be large enough to store sufficient energy. Battery capacity 

can be defined as state of charge and is given by: 

                          
            

                      
   

             (8) 

Where, 

    = State of charge of battery in    

    = Day of autonomy 

    = Depth of discharge of battery 

      = Energy required in     

     = Nominal battery voltage in V 

 
 
 = Battery efficiency 

i. Number of batteries required: 

The total number of batteries requirement is depends on the 

capacity of each battery.  

                      
   

    
     

             (9) 

Where, 

    = State of charge of battery in    

     = State of charge of single battery in    

   = Number of batteries required 

c. Inverter Rating 

Size of the inverter is depends upon the peak load requirement and 

it should be large enough to handle the total amount of watts peak 

requirement. Practically inverter size should be 25%-30% bigger 

than total watts requirement. 
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           (10) 

                                
       

    
    

           (11) 

Where, 

        = Inverter size in    

     = Peak load requirement in    

     = Rated power of an inverter    

    = System losses compensation factor 

   = Number of inverters 

3. Solar PV Energy System Designing Tools 

Many types of software had been developed to design off grid and 

grid connected renewable systems and hybrid system. Among these 

softwares RETSCREEN [15], MATLAB simulation [18] is the 

softwares which are mainly developed for technical and economic 

analysis of Hybrid renewable system. They only provide estimation 

based on historical data and also load profile is not taken in account 

[9], Conversely SolarMAT [2], SolarGIS [6], [16] are only 

informative tool designed to support operation, planning and 

development of solar energy system. HOMER [2]- [14] is widely 

used software due its user friendly nature and ability to find all 

optimum solution for proposed system.  PVsyst [2]- [16] is 

designing tool to design solar PV energy system and analyze its 

geographical, technical and economical condition. They are mainly 

considered for research due to 3-D CAD sustains and the capability 

to analyze the cause of nearby obstructions such as trees, building 

and other structure [9]. Thus proposed work uses HOMER and 

PVsyst softwares to design stand-alone solar PV energy system. 

4. Methodology 

The proposed work uses PVsyst and HOMER softwares to design 

10 kW stand-alone solar PV energy systems for a community 

which consist 5 houses with average population of 30 at the nearby 

periphery of Bhopal (M.P.), India with latitude        and 

longitude        to fulfill domestic load demand.  

 

a. Energy Load Demand 

The hourly load profile is designed on the basis of standard ratings 

of the components and general power consumption by human 

beings which is shown in Table 1 and the hourly profile is shown in 

Figure 2. The daily electricity profile is based on domestic 

household appliances such as lightning system, fans, refrigerator, 

TV etc. The load demand considered constant over the year.    

Table 1 Domestic Loads 

S. 

No

. 

Load 
Qt

y 

Power 

Consumptio

n 

Use 

(h/day) 

Energy 

Consumptio

n 

1 

Lamps 

(LED or 

fluorescent

) 

10 15        

10 

      

1500 

       

2 
TV/ PC/ 

Mobile 
10 100       

13 

      

12500 

       

3 
Domestic 

Appliances 
5 1000       

5 

      

25000 

       

4 

Fridge/ 

Deep-

freeze 

5  
1.20 

        

24 

       

6000 

       

5 

Dish & 

Cloth-

Washer 

5 
1000 

        

5 

       

22500 

       

6 Other Uses 3 
1800 

        

3 

      

16200 

       

7 Other Uses 5 60         
20 

      

6000 

       

 Stand-by Consumers 
24 

      
24        

 Total Daily Energy 
89724 
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Figure 2 Hourly load profiles for one day 

b. Solar Global Horizontal Irradiance (GHI) 

PV array needs solar GHI resource as an input which is shown in 

Table 2. Annual average GHI (kWh/m
2
/day) is 5.63.  

Table 2 Monthly Averages of Global Horizontal Irradiance 

(GHI) Data 

S. 

No. 

Month Clearness 

Index 

Daily Radiation 

(kWh/m
2
/day) 

1 January 0.715 5.100 

2 February 0.696 5.710 

3 March 0.717 6.810 

4 April 0.661 6.940 

5 May 0.640 7.030 

6 June 0.547 6.070 

7 July  0.411 4.520 

8 August 0.400 4.240 

9 September 0.565 5.500 

10 October 0.676 5.740 

11 November 0.705 5.160 

12 December 0.698 4.730 
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c. PV Panel 

In this system Si-Poly PV module has been used for power 

generation due to its good efficiency for energy yield. 

Specifications of PV modules are shown in Table 3. 

Table 3 Specification of PV modules: 

Rated power of PV Module 285 W  

Open circuit voltage of PV  44.90 V  

Short circuit current  8.370 A  

Optimum voltage  35.40 V  

Optimum current  7.88 A  

Investment cost of PV panel (Rs) 2.5 Lakh  

Annual operational and maintenance cost (Rs) 500/- 

d. Sizing of Battery 

In this system Lead-acid, vented, plated battery is used. 

Specifications of Battery are given in Table 4.  

Table 4 Specification of Battery 

Rated capacity  1100 Ah  

Rated voltage  96 V  

Minimum state of charge  123.6/100.3 V  

Round tip efficiency  80%  

Self-discharge rate  91.5/97.7 V  

Investment cost(Rs)  2640000/-  

Annual operational and maintenance cost (Rs)  20000/- 

e. Sizing of Controller 

Controller is main part of solar energy system to convert DC power 

in AC power to fulfill domestic user’s need. In this work universal 

direct controller is used for direct coupling between PV array and 

battery. Specifications of Controller are shown in Table 5.  

Table 5 Specification of Controller 

Rated capacity 96 V  

Investment cost (Rs)  86000/-  

Annual operational and maintenance cost (Rs)  500/- 

Efficiency  80%  

5. Results and Discussion 

a. Sizing and Cost Analysis by HOMER 

The schematic diagram of stand-alone solar PV energy system 

obtained by HOMER is shown in Figure 3 and sizing of solar PV 

energy system is shown in Table 6.  

 
Figure 3 Schematic Diagram of Solar PV energy system by 

HOMER 

Table 6 Sizing Analysis of Solar PV energy system in HOMER 

Description of 

Parameters  

Rating  Total 

Units  

Total  

Solar PV capacity  2.5 kW 10 25 kW 

Battery storage 

capacity 

12V, 83.4 

Ah 

90 90 kWh 
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Figure 4 Results obtained by HOMER 

Table 7 Results and cost analysis in HOMER 

 

 

 

 

Energy 

Production 

(kWh/yr) 

Energy 

Used 

(kWh/yr) 

Excess 

energy 

(kWh/yr) 

Unmet load 

(kWh/yr) 

Capacity 

Shortage 

(kWh/yr) 

Net Present 

Cost (Rs) 

Annualized 

cost (Rs) 

Levelized 

cost of 

energy 

(Rs/kWh) 

44,754 29,818 7,741.2 2,922.2 6,017.8 6,021,040 465,753 15.62 

b. Sizing and Cost Analysis by PVsyst 

The schematic diagram of stand-alone solar PV energy system 

obtained by PVsyst is shown in Figure 5 and sizing of solar PV 

energy system is shown in Table 8.  

 
Figure 5 Schematic Diagram of Solar PV energy system by PVsyst 

Table 8 Sizing Analysis of Solar PV energy system in PVsyst 

Description of 

Parameters  

Rating  Total Units  Total  

Solar 

PV 

capacity  

285 

Wp 

84 23.94 

kW 

Battery 

storage 

capacity 

12 

V, 

100 

Ah 

88 105.4 

kWh 

 

 
Figure 6 Results obtained by PVsyst 

Table 9 Results and cost analysis in PVsyst 

Energy 

Productio

n 

(kWh/yr) 

Energy 

Used 

(kWh/yr) 

Net Present 

Cost (Rs) 

Annualized 

cost (Rs) 

Levelized 

cost of 

energy 

(Rs/kWh) 

3

3,

6

2

1 

2

8,

5

7

2 

5,48

7,30

0 

40

9,

33

7 

1

4

.

3 
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6. Comparing Analysis of Results 

The comparison of the results of both the softwares is shown in 

Table 6.1. In HOMER annual investment on proposed system is 

465754 INR/year for proposed load profile and total energy cost 

per kWh is 15.6 INR/kWh although in PVsyst annual investment is 

409337 INR/year for same load profile and total energy cost per 

kWh is 14.3 INR/kWh which is less than in comparison to 

HOMER. In HOMER energy production is 44,754 kWh/year and 

used energy is 29,818 kWh/year but in PVsyst energy production is 

33,621 kWh/year and used energy is 28,572 kWh/year. Thus 

utilization factor in PVsyst is greater in comparison to HOMER. 

This study is mainly to reduce the levelized cost of energy for 

domestic load profile which is obtained by PVsyst software. 

   

Table 10 Comparison of Result obtained by HOMER and PVsyst 

 

Number 

of PV 

panel 

Number 

of 

Battery 

Energy 

Production 

(kWh/year) 

Used 

Energy 

(kWh/year) 

Net 

Present 

Cost 

Total 

Annual 

Investment 

(INR/year) 

Energy 

Cost 

(INR/kWh) 

By 

HOMER 
10 90 44,754 29,818 6,021,040 465,754 15.619 

By 

PVsyst 
84 88 33,621 28,572 5,487,300 409,337 14.326 

7. Conclusion 

The proposed work is to design the Stand-alone solar PV energy 

system by using PVsyst and HOMER. For the 25 years of life, 

proposed work considered loan at rate of 5% which is given by 

government. Levelized cost of energy obtained from HOMER is 

greater in comparison to PVsyst. Also Utilization factor in HOMER 

is less in comparison to PVsyst. For an efficient system utilization 

factor of the energy system should be high and levelized cost of 

energy should be low. Thus work mainly focused on PVsyst 

software to design the required stand-alone solar PV energy system, 

as this software can also be capable to consider the geographical 

conditions of the required site and can reduce the energy cost.  
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