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Abstract 
For developing countries like India, providing energy to its citizens in an efficient and cost-effective manner is 
highly challenging and time-consuming. This paper presents the designing aspects of a 2.9 kW grid-connected solar 
PV system. It has been installed at a house located in Hatia, Ranchi (Jharkhand) (23.23°N, 85.23°E and 641 m above 
sea level). The total cost of installation and payback period has been calculated on actual basis. Ranchi receives a 
great amount of solar radiation annually which can be utilised for power generation. The described system will give 
autonomy for two days in case of no sunshine. Rural electrification at a household level provides vital services such 
as lighting and communications, and can increasingly meet the aspirations of the rural population to own other 
household appliances. PV modules are connected to inverters that convert the DC produced by the PV modules to 
AC. This electricity can then power household appliances or can be sold directly to the grid.  
Keywords: PV system, grid connected, PVSYST, solar radiation, renewable energy, solar. 

1. Introduction 
 

Solar module is basically an array of series and parallel connected solar cells. The potential difference 
developed across a solar cell is about 0.5 volt and hence desired number of such cells to be connected together 
to get 14 to 18 volt to charge 12 volt battery. It is connected in series to achieve higher voltage and higher 
current respectively. Renewable energy resources such as solar power can give sustainable energy services to 
the society. Solar cells are fabricated by means of semiconductors such as silicon. Temperature variation affects 
the efficiency of photovoltaic module greatly (Parlak, 2014). The energy generation from solar cell is easy and 
user friendly by using latest development in the field of electrical and electronics. The performance of solar 
photovoltaic system is affected due to dust on PV plate (Mejia,et al., 2014). In this paper, a 2.9 kW PV system is 
designed for a house which is situated in a remote area in the state of Jharkhand (India). Its analysis has been 
done using the PVSYST software (Mermoud, 2012).The economic analysis is based on the generated data based 
on survey of installation area and market survey. The solar radiation received by the location has been generated 
by the software itself based on longitude and latitude of the site. The second section gives information about the 
design for a specific load; the third section gives the payback period and result of the system. The final section 
concludes the result and findings of the paper. The solar path at Ranchi is given below according to the 
PVSYST software. 

 
Figure 1. Solar paths at Ranchi. 
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2. Solar PV system design 
 
This PV system is designed for a house which is located in rural areas of Jharkhand and proper electricity isn’t 
available for day-to-day activities. The system will allow the use of loads in non-sunshine hours as well. The 
load consists of a CFL (compact fluorescent lamp), TV, fan, refrigerator, and a computer setup. The operating 
hours and the power rating of the above mentioned loads are given in the table below: 
 

Table 1. The Wattage ratings in the number of hours of daily usage of the loads- 
Load Watt H/day Quantity Watt-hr(per day) 

CFL 9 5 2 90 Wh/day 

Fan 60 8 1 480 Wh/day 

TV  150 2 1 300 Wh/day 

Refrigerator 150 8 1 1200 Wh/day 

Computer Setup 250 3 1 750 Wh/day 

Total Watt 619 watt 

Total daily Watt-Hr/day or Wh/day (Energy Consumption) 2820 Wh/day 

 
Calculations for different components used in the design: 
 
(i) O/P voltage of inverter = 220 V at 60 Hz 
Max load connected to the inverter = 628 W 
(Assuming all AC loads) 
Hence, inverter power rating capacity = 628 W. 
 
(ii) Daily energy supplied to inverter: 
The energy supplied by the battery to the inverter = 2820/0.9 = 3032.25 Wh 
 
(iii) System voltage: It needs to optimize between power loss and system voltage, for this particular design; 24 
V as PV system voltage. 
 
(iv) Battery capacity for a given load → required charge capacity = 3032.25 Wh/24 V = 126.3 Ah. 
No. of batteries = 126.3 Ah/100 x 0.7 = 1.8 ~ 2 batteries of 100 Ah capacity are required. (Based on 
observations, a battery of 100 Ah capacity only provides 70 Ah, maximum). In order to get 24 V, two 12 V 
batteries should be connected in series to get terminal voltage of 24 volt. Hence, a total of four batteries of 100 
Ah capacity each are required in the battery bank to get 140 Ah for maximum output. Two of them connected in 
series and two such series-connected batteries are connected in parallel. The following arrangement is given in 
Fig. 2. 
 
(v) Consideration for battery autonomy for two days: If the total daily Ah requirement is X and the no. of 
days of autonomy is 'n' days then total Ah required in individual autonomy is – 
 Total Ah = X + n × X 
 = 100+2×100 = 300Ah 
Total number of batteries for two days autonomy = 300/24 = 12.5, rounded to 12. 
The design has been done for two days' economy.  
Hence, number of batteries will be 12, as given in Fig. 2. 
 
Battery autonomy: Two days' autonomy implies that the battery bank should be able to supply the energy to 
the load when there is no sunshine for 2 continuous days. 
The arrangement of batteries will be as given in the Fig. 2. In the battery bank, 12 batteries of 100 Ah are 
connected. 
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Figure 2. Series and parallel connection of batteries to supply the required energy to the load considering 2 days' autonomy. 

 
(vi) Daily energy generated by PV panels: 
The daily energy supplied by the battery bank (battery O/P terminal or input terminal of the inverter) is 3032.25 
Wh. For this energy supply at the O/P terminal of the battery bank, the energy supplied to the input terminal of 
battery bank from the PV panel, should be higher because the batteries will have less than 100% efficiency of 
charge-discharge cycle. The efficiency of the battery will lie between 80% and 90%. 
 
When battery efficiency is considered 85%., the energy at the I/P (input) of battery terminal = 3032.25 Wh/0.85 
= 3567.3 Wh.  
The energy that would be supplied by the PV panel at the input of controller circuit = 3567.3 Wh/0.90 
(controller circuit efficiency is 90%) = 3963.7 Wh 
Thus, the energy generated by PV panels every day is 3963.7 Wh. 
 
(vii) No. of PV panels required: The total Ah generated by the PV panels = 3963. 7 Wh/24 = 165.1 Ah 
Total Ampere produced by PV modules if sunlight hours is 6 hr = Ah generated by PV panels/Sunshine hours 
=165.1/6 = 27.5 A 
Since, one panel of 75 WRpR can generate 5 A current and 15 V. 
Then, 27.5 A current will be generated by = 27.5/5 = 5.5 panels ~ 6 panels 
These six panels will be connected in parallel. But, for obtaining a 24 V system, two plates will be connected in 
series, six such series connected plates will be connected in parallel for getting system voltage higher than 24 V. 
The same is shown in Fig. 2. Fig. 3 shows the series and parallel connection of photovoltaic module to get the 
desired load. In the following, two plates are connected in series and there are six parallel connections of such 
series. 
 

 
Figure 3. Series and parallel connection of PV modules with their ratings that are required to supply energy to the load. 

about:blank


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 12, December 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com 

184 
 

3. Design of the PV system 
 

The complete design of the PV system is given below; we have identified all the components' capacity and the 
number to be used in the PV system to supply the daily energy of 2820 Wh to the load given in Table 1. 
 
 

 
Figure 4.Complete design of solar PV system to fulfil the required load as described in the statement for two days autonomy. 

 
The design for 2.9 kW solar PV system has been given in Fig. 4 for fulfilling the 2820 Wh/day load. 
 
The total initial investment cost has been given below in table 2. 
 

 Table 2: Initial investment cost. 
 
 
3. Payback period (time) = Unit cost of electricity generated by diesel generator = Rs. 20  
Annual cost saving made by PV system (Y) = 2.82 (units/day) × 365 days × Rs. 20 
= Rs. 20586.00 
Initial investment in PV system (X) = Rs. 285200.00 
 Initial investment in PV system (X)/Cost of annual energy saving due to the PV systems (Y)  
= Rs. 285200/Rs. 20586 
= 13.85 years (approximately 14 years) 
 
 
 

 Capacity Voltage (V) No. in 
series 

No. in 
parallel 

Cost per 
unit (Rs.) 

Total cost 
In RS 

Battery 
Make- Exide 

100 (Ah) 12 2 6 12500 12500x12 = 
150000 

PV module 
Make- TATA BP 

75 (WRpR) 15 2 6 9600 9600X12 = 115200 

Inverter 
MICROTECH 

687.7 kVA  
(~ 1kVA) 

Input 24 V 
(DC), Output 
230 V (AC) 

1 0 5000 5000 

Charge controller 30 A at input 
and output 

Input 24 V 
(DC), Output 
24 V (DC) 

1 0 2000 2000 
 

Other costs (wiring, other costs, support structure, etc.) Rs. 13021 
Total cost in rupees Rs. 285200 
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4. Result 
Rural electrification is a salient part of a developing country, in order to improve agricultural productivity 
through mechanization and is essential for the betterment of life of people residing in rural areas. It is an 
essential fragment of a country. It works best when it is accompanied by social and economic development. In 
this paper, the cost of generation of electricity by diesel generator is considered because if electricity is not 
available, then diesel generator is necessary to run the household system. The preliminary cost of the system is 
rupees 285200.00 (Two lacs eighty five thousand and two hundred only.) The payback period of the system is 
14 years. The cost of system includes PV plate, battery, inverter, charge controller and other costs (i.e. wiring 
and labour cost). This is mainly for remote and rustic areas. The load and daily energy consumption for a house 
is given in table 1, which is minimum. This system is designed for two days autonomy. The global irradiation 
curve for Ranchi is obtained using PVSYST software. The load specified for the dedicated load system is 2820 
Wh/day. According to the simulated data, the maximum global irradiation is in the month of May but effective 
global irradiation is low due to temperature effect on the PV modules. Horizontal global irradiation is low in the 
month of March but produced solar energy is maximum with respect to other months of the year. 

 

Fig 5. System output in graphical form. 
5. Conclusion 

 
In this paper, a 2.9kW system has been designed for the rural areas of Jharkhand (India). Design, cost and 
performance have been analysed using PVSYST version 6.7.3 software. The energy output of this system is 
5.22 MWh annually, maximum output in the month of March, i.e., 544 kWh and lowest in the month of July, 
i.e., 308kWh. The excess energy will be given to the grid, through which more areas can get electricity. 
According to solar radiation, Ranchi (Jharkhand) is suitable for solar power generation. The system output graph 
has been shown in the figure 5. 
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