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Abstract - In this study an economic feasibility analysis and a 

simplified design of a standalone solar PV, Wind Energy and 

hybrid system with a battery system as a storage power 

source supplying a village is presented. The main objective of 

this study is to reduce the cost of electricity by using 

renewable energy sources for generation of electricity. This 

paper proposes the most feasible configuration of solar PV, 

Wind and hybrid system with batteries as back up for a 

remote village Umrikheda in Dist. Indore (M.P.). The sizing 

calculation of the PV system is based on the basic 

mathematical expressions, sunshine hours and the daily 

electrical load of the village Umrikheda (Latitude: 22° 43'N, 

Longitude: 75° 49' E). The designed system serves the load of 

150 kWh/day and calculation of Capital cost (Rs./kWP), Unit 

cost of electricity (Rs./kWh), Life cycle cost (LCC) analysis, 

CO2 emission mitigation, carbon credit and energy payback 

time (EPBT) of standalone PV system are presented in this 

paper. For analysis purposes HOMER simulation software 

has been used. It is found that electrifying rural small 

community using this system is very beneficial and 

competitive with other types of conventional sources as it 

decreases both operating costs and pollutant emissions. 
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I. INTRODUCTION 

 

vailability of cheap and abundant energy with 

minimum environmental and ecological hazards 

associated with its production and use is one of the most 

important factor for economic growth and improvement in 

the quality of life of people living in developing countries. 

For the successful and sustained adoption of new 

technology it is necessary that an in depth evaluation of 

various feasibility aspects of the technology is undertaken 

prior to its dissemination. After more than two decades of 

research, technology development and dissemination 

efforts in the area of renewable energy sources, increasing 

attention is now been increasingly paid to their financial 

and economic evaluation. Also the environmental impact 

is being calculated in the form of carbon emission. Anil 

kumar at. al. [1] presents simple calculation of lifecycle 

cost (LCC), CO2 emission mitigation, carbon credit, 

energy payback time (EPBT) capital cost, and per unit 

electricity generation of standalone PV system for a small 

place with three days backup. Arvind Chel at. al. [2] 

presented a methodology to design stand alone PV 

(SAPV) and building integrated PV (BIPV) for cold 

climatic regions in India. They also compared both and 

found that BIPV is more economical than SAPV. Mevin 

Chandel at. al. [3] Presented a case study on comparison 

of feasibility study of a on-site and off-site power plant 

for a garment industry and concluded that the off-site is 

economically better. 

 

II. DESIGNING OF SOLAR PV SYSTEM 

 

A. Sizing Methodology of PV System Components 

 

The sizing methodology adopted for the existing SAPV 

system for the village Umrikheda is explained 

systematically as follows: 

1. Sizing calculation of electric load 

 

The load of village Umrikheda 150 kWh/day can be 

operated by the proposed stand alone PV system. The 

detailed sizing methodology adopted for daily electrical 

load of remote village Umrikheda which is operated by 

the SAPV system is given in Table 1. 

Table 1: Electrical Load of Village Umrikheda 

 

S. 

No. 

 Energy consumption 

(Wh/day) 

1 Households 98,500 

2 Street 

lighting 

15,800 

3 School 26,500 

4 Others 9200 

 Total 150 kWh/day 

 

The total daily electric load of the village  

(𝐸𝐿)  =  150 𝑘𝑊/𝑑𝑎𝑦                                    (1) 

A 

http://www.sciencedirect.com/science/article/pii/S2214157X13000117
http://www.sciencedirect.com/science/article/pii/S2214157X13000117


Volume II, Issue VII, July 2015 IJRSI ISSN 2321 - 2705  

www.rsisinternational.org/IJRSI.html Page 63 
 
 

The designed load for the PV system must be higher than 

the total electrical load of the location because at the time 

of operation load fluctuations and power losses occur in 

the PV system. 

The designed load for PV system   

(𝐸𝐷)   =  1.5 ∗  𝐸𝐿                                               (2) 

From equation (2) the daily electrical consumption for 

designing of PV system is obtained as 225 kWh/day. The 

factor 1.5 is known as Fudge factor. This accounts for 

efficiency losses, wiring and interconnection losses and 

also the battery charging and discharging losses in the PV 

system components. 

2. Sunshine hours calculation for the location 

  

The number of sunshine hours per day of the location 

varies from 10 to11 hours/day. The average sunshine 

hours per day for the location are considered as 10.5 

h/day. The optimum tilted angle for PV system for the 

particular location is equal to the latitude of that place [4]. 

As the latitude and longitude of the village Umrikheda is 

22
0
 43’ N and 75

0
 49’ E respectively. So, the optimum 

tilted angle for PV system is taken as 22
0
 43’. 

3. Calculation of PV array size 

  

The size of PV array can be determined by the following 

Eq. (3) with the use of average number of the sun shine 

hours. 

𝑃𝑉 𝑎𝑟𝑟𝑎𝑦 𝑠𝑖𝑧𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑  𝑊𝑃   

=
𝐷𝑒𝑠𝑖𝑔𝑛𝑒𝑑 𝑙𝑜𝑎𝑑  𝐸𝐷  𝑊 𝑑𝑎𝑦  

𝑆𝑢𝑛𝑠𝑖𝑛𝑒 𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦
                 (3) 

 

From equation (3) the size of PV array is obtained as 

21.43 kWp. The PV module peak watt in the market is 

available in the range of 75/100/110 WP. In the present 

study for designing of PV array, PV module of 110 WP, 

12 V rating is considered. The common operating voltage 

for PV array and battery bank design is considered as 84 

volts. The number of PV module required is obtained 

from the equation (4). 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 (𝑁)

=
𝑃𝑉 𝑎𝑟𝑟𝑎𝑦 𝑠𝑖𝑧𝑒  𝑊𝑃 

𝑝𝑒𝑎𝑘 𝑤𝑎𝑡𝑡 𝑜𝑓 𝑃𝑉 𝑚𝑜𝑑𝑢𝑙𝑒  𝑊𝑃 
               (4) 

 

Since the operating voltage of PV module is 84 volts 

which can be obtained by the series combination of 7 

modules with each having the capacity of 12 volt 

operating voltage. So the number of modules per string is 

7 when each module is of 12 volt. The number of parallel 

string is determined by the total no of PV modules. The 

number of PV modules obtained from the eq. (4) is 

rounded to the nearest number which is multiple of 7 and 

the rounded number of modules obtained is 196 which are 

arranged in 28 parallel strings each consists of 7 PV 

modules connected in series. 

4. Determination of inverter size (W) and charge 

controller capacity (A) 

  

Inverter size should never be equal or lower than the PV 

array size. The maximum continuous input rating of the 

inverter is about 10% higher than the PV array size. It 

accounts for allowing the safe and efficient operation of 

PV power system [5]. So that the inverter capacity can be 

calculated by eq. (5). 

𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑊 
= 1.1 ∗ 𝑃𝑉 𝑎𝑟𝑟𝑎𝑦 𝑠𝑖𝑧𝑒 𝑊𝑃    (5) 

 

The inverter rating from Eq. (5) is obtained as 23.57 kW. 

For the existing power system the inverter converts DC 

power into AC power to operate AC electrical load. The 

charge controller capacity depends on the PV array size 

and battery bank operating voltage and can be calculated 

using Eq. (6). The battery bank design voltage is 

considered as 84 volts. 

𝐶𝑎𝑟𝑔𝑒 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦  𝐴 

=
𝑃𝑉 𝑎𝑟𝑟𝑎𝑦 𝑠𝑖𝑧𝑒  𝑊𝑃 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 𝑑𝑒𝑠𝑖𝑔𝑛 𝑣𝑜𝑙𝑡𝑎𝑔𝑒  𝑉 
            (6) 

The charge controller capacity is obtained 255.12 A which 

can be rounded to the 260 A. In the proposed power 

system there are seven charge controllers for charging of 

battery bank of 84 V operating voltage. The earlier 

mentioned 28 parallel strings of PV module are connected 

to the 7 charge controller as 7 sub arrays and each of the 

arrays contains 4 parallel strings. Each of the seven charge 

controllers is 84 V, 37.1 A capacities since the current 

from each sub array i.e. 4 parallel strings is 36.6 A. 

5. Calculation of battery bank size  
 

The battery bank size in ampere hour is determined by the 

following Eq. (7).  For improving life of battery and for 

consecutive cloudy days the number of autonomy days is 

considered as 3 days in the proposed PV system. This 

conservative design of battery bank suggests that there 

should be 33% of depth of discharge every day. The deep 

cycling will be occasional during cloudy days and hence 

improve the battery life. The three days of autonomy was 

used by Zero Energy Visitors Centre (ZEVC) located at 

the Van Ness Campus of University of the District of 

Columbia as reported in 2006 by the Center of Excellence 

for Renewable Energy (CERE) [6].  

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 𝑠𝑖𝑧𝑒  𝐴 
= 𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑦 𝑑𝑎𝑦𝑠

∗  
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑 𝐸𝐷  𝑊 𝑑𝑎𝑦  

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒  𝑉 
                 7  

 

The battery size in watt hour can be obtained by Eq. (8). 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 𝑠𝑖𝑧𝑒  𝑊 
= 𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑦 𝑑𝑎𝑦𝑠
∗  𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑 𝐸𝐷  𝑊 𝑑𝑎𝑦                   (8) 
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6. Number of batteries  

 

The present SAPV system has battery bank comprises of 

batteries each of 12 V and 200 Ah capacity. The number 

of batteries required by the existing PV system is 

determined by Eq. (9). 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑟𝑖𝑒𝑠

=
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 𝑠𝑖𝑧𝑒 (𝐴)

𝐴𝑚𝑝𝑒𝑟𝑒 𝑜𝑢𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑒𝑎𝑐 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 (𝐴)
 

 (9) 

 

According to eq. (9) the required number of batteries 

obtained in fraction is rounded off to multiple of seven 

since there are seven series connected batteries with rating 

of 12 V each configured to 84 volt operating voltage in 

this SAPV system. In the present system each battery used 

is 12 V and 200 Ah rating. The actual number of batteries 

obtained is 49, which can be arranged in 7 strings with 

each string containing 7 batteries. 

The series combination of 7 batteries in each string will 

form 84 volts which is the operating voltage of PV power 

system. As the 7 parallel strings forms the PV system with 

output as 84 V and 1400 Ah. With this the watt hour 

capacity of battery bank is 117600 Wh. The Ah capacity 

of battery bank gets added when batteries are connected in 

parallel and remains same when batteries are connected in 

series. 

7. Configuration of PV module and battery bank in 

the present SAPV system 

 

The connection of PV module arrays is done in such a 

manner so as to supply desired voltage and current for 

battery bank charging. The PV system operating voltage is 

determined on the basis of battery bank voltage. The 

common PV system operating voltages are 24 V/48 

V/84V. The existing PV system is design for operating 

voltage of 84 V. Hence, seven batteries of 12 V each were 

connected in series to form 84 V operating voltage. In the 

battery bank of existing SAPV system, there are seven 

parallel strings of seven series connected batteries. Hence, 

the existing system has battery bank of 1400 Ah capacity 

and 84 V operating voltage. 

The schematic diagram of the test-setup for the existing 

SAPV system is shown in Fig. 1. The logic based charge 

controller was used for controlling battery charging and 

discharging cycles and to avoid overcharging of battery 

bank during peak sunshine hours. The battery bank 

consists of 49 batteries each of 12 V and 200 Ah capacity 

which are configured such that the operating voltage is 84 

V with 1400 Ah capacity. 

 

B.  Capital Cost Estimation of Standalone PV 

System 

 

The cost of PV system components were determined 

based on their specifications. The specifications of PV 

system components were obtained and the cost of each 

component is determined as follows: 

 

1. Cost of PV array 

  

The cost of the PV module can be determined based on 

the actual PV array size. The following Eq. (10) is used to 

calculate the cost of PV array by using Eq. (4). 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑃𝑉 𝑎𝑟𝑟𝑎𝑦
= 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑚𝑜𝑑𝑢𝑙𝑒
∗ 𝑃𝑒𝑎𝑘 𝑤𝑎𝑡𝑡 𝑜𝑓 𝑃𝑉 𝑚𝑜𝑑𝑢𝑙𝑒 𝑊𝑃 

∗
𝐶𝑜𝑠𝑡

𝑊𝑃

   (10) 

 

Fig. 1: Schematic circuit diagram of SPV system 
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In the present study mono crystalline type PV modules are 

used. The cost of PV module is taken in the range from ₹ 

50/WP to 70/WP depending on the type of PV module i.e 

Mono/Multi crystalline or Thin film module. In June 

2014, the cost of mono-crystalline PV module is ₹ 60/WP 

as reported by website [7]. 

2. Cost of battery bank  

 

The cost of battery bank can be calculated based on the 

actual size of the battery bank. Eq. (11) is used to 

calculate the battery bank cost. 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 ∗
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑒𝑎𝑐 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝐴 ∗ 𝐶𝑜𝑠𝑡 𝑊     

(11) 

The cost of battery bank is ₹ 62.5/Ah as reported by 

SECO [2]. 

 

3. Cost of solar power conditioning unit  

 

The cost of charge controller and inverter can be 

calculated with the use of equations (12) and (13) 

respectively. 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶𝑎𝑟𝑔𝑒 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟
= 𝐶𝑎𝑟𝑔𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐴 
∗ 𝐶𝑜𝑠𝑡/𝐴                                                               (12) 

 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟
= 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦(𝑊)
∗ 𝑐𝑜𝑠𝑡/𝑊                                  (13) 

 

The cost of charge controller in June 2014 is ₹ 388.28/A 

and the cost of inverter is ₹ 43/W as reported by website 

[7]. 

4. Capital investment cost of SAPV system (Ci)  

 

The capital cost of PV system includes the structure cost 

and cost of land of the PV system. In the present study the 

land required for placing PV panels and batteries is 5000 

feet
2
. Cost of land in the proposed village Umrikheda is 

555.5 ₹/feet
2
. So, the total price of land is ₹ 3,000,000. 

The capital investment cost of the PV system is calculated 

by below Eq. (14). 

𝐶𝑖 = 1.2 ∗  𝐶𝑜𝑠𝑡 𝑜𝑓 𝑃𝑉 𝑎𝑟𝑟𝑎𝑦 + 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐵𝑎𝑛𝑘 +
     𝐶𝑎𝑟𝑔𝑒 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 + 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 +
𝑙𝑎𝑛𝑑 𝑢𝑠𝑒𝑑                                                          (14)                 

                                                                                                                                                                                                

The balance of system or structure cost is approximately 

20% of the total PV system component cost which is 

widely assumed all over the world as reported by SECO 

[5,8] Also, assume that cost of procuring the land for the 

SAPV system is 20% of the total PV system component 

cost. Based on these assumptions, the capital cost (Ci) for 

the SAPV system is determined using above Eq. (14). 

 

5. Operating and maintenance cost of the system  

The operating and maintenance cost for the proposed PV 

system is 2% of the capital cost of the system. The 

calculation of the operating and maintenance cost is as 

given by Eq. (15). 

𝐶𝑂&𝑀 = 2% 𝑜𝑓 𝐶𝑖                        (15) 

 

The operating and maintenance cost is added to the capital 

investment cost of the system to find out the modified cost 

of the system. So, the modified capital investment of the 

system is ₹ 7,369,168.87 with the use of Eq’s. (14) and 

(15). 

C. Life Cycle Cost Analysis of SAPV System 

 

1. Replacement cost of  battery bank system  

 

In the present PV system the life of PV module and the 

battery is considered as 30 years and 5 years respectively 

and the life cycle cost analysis is based on the life time of 

both the PV module and the battery. We have taken the 

rate of interest as 4% for our system. In India the old 

batteries are replaced on the rebate of 7% on total cost of 

battery. With the assumption of uniform replacement of 

battery throughout the life of the system the replacement 

cost of battery bank after 5 years is calculated by Eq. (16). 

𝑅𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐵𝑎𝑛𝑘  𝑅𝐶𝑏𝑏   = 0.93 ∗
𝐶𝑜𝑠𝑡 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘                        (16)  

    

In the present system the replacement cost of batteries is 

obtained as ₹ 569625.  

2. Present battery bank cost  

 

The present cost of battery bank for future investments at 

every five years interval can be determined by eq. (17) as 

follows: 

 𝑃𝑟𝑒𝑠𝑒𝑛𝑡  𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐵𝑎𝑛𝑘 𝐶𝑜𝑠𝑡  𝑃𝐶𝑏𝑏  =  
𝑅𝐶𝑏𝑏

(1+𝑖)5 +

 
𝑅𝐶𝑏𝑏

(1+𝑖)10 +  
𝑅𝐶𝑏𝑏

(1+𝑖)15 +  
𝑅𝐶𝑏𝑏

(1+𝑖)20 +  
𝑅𝐶𝑏𝑏

(1+𝑖)25                                                           

(17) 

                                                                                                                                               

The present battery bank cost is obtained as ₹ 1646352.03 

with 4% interest rate. In this life cycle cost analysis the 

salvage value (S) of SAPV system at the end of 30 years 

life was assumed equal to the present cost of balance of 

system since the depreciation of balance of system was 

considered equivalent to the rate of escalation in the price 

of structural steel per kg. 

3. Present salvage value of SAPV system 

 

The present salvage value of the system can be calculated 

by Eq. (18). 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑠𝑎𝑙𝑣𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒  𝑃𝑆𝑉 

=  
𝐶𝑖

 1 + 𝑖 30
                          (18 

 

4. Net present cost of PV system  
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Net present cost of PV system (CNet) is determined as 

summation of capital investment (Ci), all other cost 

components converted into present cost and subtracted by 

present salvage value. The net present cost of PV system 

was determined using Eq. (19) as follows: 

𝐶𝑁𝑒𝑡 = 𝐶𝑖 + 𝐶𝑂&𝑀 + 𝑃𝐶𝑏𝑏 − 𝑃𝑆𝑉                 (19) 

 

5. Annualized lifecycle cost of PV system  

 

The annualized life cycle cost of PV power system over 

the 30 years lifetime is expressed mathematically using 

Eq. (20) [8] as follows. 

𝐴𝐿𝐶𝐶 
𝑅𝑠

𝑦𝑒𝑎𝑟
 = 1.1 ∗ 𝐶𝑁𝑒𝑡

∗  
𝑖 × (1 + 𝑖)30

(1 + 𝑖)30 − 1
                   (20) 

 

6. Total annual electrical energy consumed by the 

load (EC) 

 

The total annual electrical energy units consumed (EC) by 

the specified electrical load is determined using Eq. (21) 

as follows: 

𝐸𝐶 𝑘𝑊 𝑦𝑒𝑎𝑟  = 𝐷𝑎𝑖𝑙𝑦 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑 𝑘𝑊 𝑑𝑎𝑦  ∗
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑦𝑒𝑎𝑟         (21)     

                                                                                                                                                                              

7. Per unit cost of electricity generated (EG)  

 

The cost per unit of electricity generated (EG) by PV 

power system is determined using Eq. (22). Here, EC is 

the total annual electrical energy consumed by the load. 

  𝐸𝐺  
𝑅𝑠

𝑘𝑊
 =

𝐴𝐿𝐶𝐶

𝐸𝐶

                              (22) 

 

The suitable annual interest rates considered are in the 

range of 4–16% [9]. 

 

D. CO2 Emission Mitigation and Carbon Credit 

Potential from Proposed SAPV System 

 

The carbon credit potential of PV power system is 

determined on the basis of total amount of CO2 emissions 

mitigation from the system in its life time. The CO2 

emission and carbon credit potential are given by the 

below formulas. 

1. CO2 emission mitigated from PV system 

 

Conversion of Energy through photovoltaic (PV) system 

is one of the more reliable and environmental friendly 

renewable energy technologies which have the potential to 

contribute significantly in the development of sustainable 

energy systems for generation of power. It also plays an 

important role in CO2 emissions mitigation. To calculate 

the total CO2 emissions mitigated from the present SAPV 

power system a mathematical computation is carried out. 

The average intensity of CO2 emission from coal thermal 

power plant in India is 1.57 kg/kWh [1]. The total 

mitigation of CO2 emissions from the existing SAPV 

system for 30 years life can be calculated using Eq. (23) 

as follows: 

𝐶𝑂2  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒𝑑  𝑘𝑔 
= 1.57  𝑘𝑔 𝑘𝑊  ∗ 𝐸𝐶   𝑘𝑊 𝑦𝑒𝑎𝑟  
∗ 𝑙𝑖𝑓𝑒 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚  𝑦𝑒𝑎𝑟                                   (23) 
A PV power system does not dissipate huge amount of 

heat energy into the surrounding environment and saves a 

large amount of CO2 emissions. Hence, PV systems are 

eco friendly systems and a good option for power 

generation and must be preferred where electricity is not 

available or grid power is costlier. 

2. Carbon credit potential of proposed PV system 

  

The total amount of carbon credit earned by proposed PV 

power system can be calculated by the following Eq. (24) 

as follows. 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑐𝑟𝑒𝑑𝑖𝑡 𝑒𝑎𝑟𝑛𝑒𝑑  ₹ 
= ₹ 1706 𝑡𝑜𝑛 
∗ 𝐶𝑂2𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒𝑑  𝑓𝑟𝑜𝑚 𝑃𝑉 𝑠𝑦𝑠𝑡𝑒𝑚   

(24) 
 

The factor considered in Eq. (24) is ₹ 1760/ton of CO2 

mitigation represents the monetary value of one carbon 

credit for mitigation of 1 ton of CO2 emission [10]. 

3. Effect of carbon credit potential 

 

The CO2 emission mitigation from the existing power 

system is estimated as 79.48 tons/year from Eq. (23) for n 

equals to 1 year. The total CO2 emission mitigated by 

existing PV system in 30 years life time is estimated using 

Eq. (23) as 2384.44 tons. The carbon credit from the 

existing PV system is obtained using Eqs. (23) and (24). 

The carbon credit affects the unit cost of electricity 

produced from non-polluting PV power system. 

 

4. Energy payback period of PV system 

 

The EPBT signifies time period required by energy yield 

for compensating the energy investments on the SAPV 

power plant. The payback period is length of time 

required to recover the cost of an investment. The EPBT 

of proposed SAPV system is given by Eq. (25).  

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑  𝑃 

=
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡 𝑚𝑒𝑛𝑡  𝐼 

𝑦𝑒𝑎𝑟𝑙𝑦 𝑛𝑒𝑡 𝑐𝑎𝑠 𝑓𝑙𝑜𝑤  𝐶 
                             (25) 

 

The energy payback period of existing SAPV system is 

determined as 17 years based on Eq. (21) and (25). 

 

E. Results of SAPV System 

The life cycle cost analysis is carried out for the presented 

standalone PV power system and the key results obtained 

are listed in Table 2. The unit electricity cost using SAPV 

systems were estimated as ₹ 8.55/kWh for the interest rate 
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of 4%, 30 years life of PV system and 5 years life of 

battery bank. 

Table 2: Results of PV power system 

S.No. Component Cost (₹) 

 

1 

 

PV array 

                      

1,293,600 

2 Battery bank  612,500 

3 Charge controller 100,952.8 

4 Inverter 1,013,510 

5 Capital investment 7,224,675.36 

6 Battery replacement 569,625 

7 Salvage value 2,274,434.84 

8 Net present value 6,741,086.06 

9 

10 

 

11 

Unit cost of electricity 

CO2 emission mitigated 

 

Carbon credit earned 

8.55/kWh 

2384.44 tons or  

79.48 tons/yr 

₹ 4067854.64 or 

₹135595.15/yr 

 

The energy consumed by the load per year was 

determined as 50625 kWh/year and corresponding CO2 

emission mitigated estimated is 79.48 tons/year and total 

CO2 emission mitigated in 30 years life time was 

estimated using Eq. (23) as 2384.44 tons. 

III. DESIGNING OF WIND TURBINE SYSTEM 

 

A. Sizing Methodology of Wind System Components 

The sizing methodology adopted for the existing Wind 

power system for the village Umrikheda is explained 

systematically as follows: 

The electrical load and the designed load for the village 

are taken from the equations (1) and (2) respectively. 

1. Sizing of wind turbine 

The selected wind turbine must match the wind 

characteristics at the site and it should produce optimum 

energy with a high capacity factor (CF) to meet the 

electrical energy demand. The Turbine size is determined 

using Eq. (26). Based on the power equation of wind 

turbine the diameter of turbine is considered 18 m so that 

the swept area of the wind turbine for the existing power 

system is obtained with the use of diameter. The power 

equation for air and turbine are given as follows. 

𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒 = 0.5 × 𝜌 × 𝐶𝑃 × 𝐴 × 𝑉𝑤𝑖𝑛𝑑
3           (26)   

Where ρ is the air density and its value is 1.225, CP is 

power coefficient with constant value 0.59, A is the swept 

area of the selected wind turbine and V is the average 

hourly wind speed of the location which is 4.5 m/sec. 

based on Eq. (26) the power of one wind turbine is 

obtained as 8.38 kW. The total number of wind turbine 

required to fulfil the load demand of the location is 27 

turbines each of 8.38 kW capacities. 

2. Sizing of battery bank  

The battery bank size in kW hour can be determined by 

the Eq. (27). For improving life of battery and for 

consecutive cloudy days the number of autonomy days is 

considered as 3 days in the proposed wind power system. 

The deep cycling will be occasional during cloudy days 

and hence improve the battery life. The three days of 

autonomy was used by zero energy visitors centre 

(ZEVC) located at the Van Ness Campus of University of 

the District of Columbia as reported in 2006 by the Centre 

of Excellence for Renewable Energy (CERE) [6].  

Battery bank Size 

𝐸𝑠𝑎𝑓𝑒 =
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑜𝑟𝑎𝑔𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑝𝑡 𝑜𝑓 𝑑𝑖𝑠𝑐𝑎𝑟𝑔𝑒
× 1000  (𝑊/𝑑𝑎𝑦)            (27) 

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝐸𝑟𝑜𝑢𝑔  

= 𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑒𝑛𝑑
× 𝑁𝑜. 𝑜𝑓 𝑎𝑢𝑡𝑜𝑛𝑜𝑚𝑦 𝑑𝑎𝑦𝑠 

Here number of autonomy days is considered 3 days and 

maximum depth of discharge for battery bank is taken 

75%. The size of battery bank is 900 kWh calculated by 

Eq. (27). 

3. Capacity of battery bank  

The capacity of the battery bank in ampere-hours can be 

evaluated by dividing the safe energy storage required by 

the DC voltage of one battery as shown in Eq. (28). In the 

existing system we have chosen the rating of battery is 12 

V and 350 Ah. 

𝐶 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 (𝑊)

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑜𝑛𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦
                              (28) 

According to the obtained capacity of the battery bank 

from Eq. (28), another decision has to be made regarding 

the capacity of each of the batteries of that bank. The 

battery bank is composed of batteries that are connected in 

series and in parallel according to the selected battery 

voltage rating and the system requirements.  

4. Number of batteries  

The total number of batteries is obtained by dividing the 

capacity C of the battery bank in ampere-hours by the 

capacity of one of the battery selected in ampere-hours 

which is calculated by Eq. (29). 

No. of batteries (𝑁𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 )

=
Capacity of battery bank(Ah) 

Capacity of one battery(Ah)
                 (29) 

The number of batteries required for the system is 

obtained from the Eq. (29) is 214.28 which is rounded to 

216 batteries. The connection of batteries can easily be 

figured out by finding out the number of series and 

parallel connected batteries. With system DC-voltage of 

48 V, the number of batteries connected in series is 

obtained by Eq. (30). 
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𝑁𝑠 =
𝑆𝑦𝑠𝑡𝑒𝑚 𝐷𝐶 𝑣𝑜𝑙𝑡𝑎𝑔𝑒

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑜𝑛𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦
                     30  

The number of series connected batteries are determined 

by Eq. (30) which is 4. With the use of this value we can 

calculate the batteries connected in parallel or the number 

of strings by Eq. (31) which is as follows. 

No. of strings (batteries connected in parallel) 

𝑁𝑃 =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠

𝑛𝑜. 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑖𝑛 𝑠𝑒𝑟𝑖𝑒𝑠
                 (31) 

The number of parallel strings of four series connected 

batteries is determined by Eq. (31). The total number of 

batteries are 216 which can be arranged in 54 parallel 

strings and each of the string consists of 4 series 

connected batteries. The Ah capacity of battery bank gets 

added when batteries are connected in parallel and 

remains same when batteries are connected in series. 

5. Converter sizing  

The converter size is chosen to fulfil the load demand 

when the system is not operating. The dc voltage of the 

existing system is 48 V then the converter must be chosen 

such that it takes the ac output from the wind turbine and 

convert it into 48 V dc. The rating of converter should 

never be lower than the system rating, it is always 10% 

higher than the system rating. The size of converter for the 

present system can be calculated by Eq. (32). 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑃 
= 1.1
×  𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑎𝑝𝑝𝑙𝑖𝑒𝑛𝑐𝑒𝑠 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑠𝑖𝑚𝑢𝑙𝑡𝑒𝑛𝑒𝑜𝑢𝑠𝑙𝑦  

The average power of the appliances that may run 

simultaneously at the same time is taken as 40 kW. So the 

required converter must be capable of handling 40 kW. 

B. Cost of System Components  

1. Cost of turbine  

Turbine consists of four main components as Blades, Hub, 

nose cone and tower. The cost of all these components in 

total determines the cost of wind turbine. The below 

expression shows the total cost of turbine as follows. 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑡𝑢𝑟𝑏𝑖𝑛𝑒
= 𝑏𝑙𝑎𝑑𝑒 𝑐𝑜𝑠𝑡 +  𝑢𝑏 𝑐𝑜𝑠𝑡 + 𝑛𝑜𝑠𝑒 𝑐𝑜𝑛𝑒 𝑐𝑜𝑠𝑡
+ 𝑡𝑜𝑤𝑒𝑟 𝑐𝑜𝑠𝑡                                                           33  

In the present study we have used WES 5 Tulipo type 

wind turbine. The cost of one wind turbine is ₹ 51000 and 

the total cost of wind turbine is obtained as ₹ 1,377,000. 

2. Cost of battery bank 

The cost of battery bank can be calculated on the basis of 

actual size of the battery bank. Cost of battery bank can be 

calculated by the Eq. (34).  

𝐶𝑜𝑠𝑡 𝑜𝑓 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘
= 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠
∗ 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦         (34) 

The cost of one battery of bank is ₹ 13000 as reported by 

SECO [5]. 

3. Cost of converter  

The cost of converter can be calculated by below Eq. (35) 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟 = 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦(𝑊) ∗
𝐶𝑜𝑠𝑡/𝑊               (35)                                      

The cost of converter determined by Eq. (35) is ₹ 

1784798.4. 

4. Capital investment cost of wind energy system 

(Co)  

The capital cost of wind power system includes the 

structure cost and the cost of land used for the system. In 

the present study the land required for placing wind 

turbines and batteries is 5000 feet
2
. Cost of land in the 

proposed village Umrikheda is 555.5 Rs/feet
2
. So, the 

total price of land is ₹. 2,800,000 approximate. The capital 

investment cost of the wind system is calculated by below 

Eq. (36). 

𝐶𝑜 = 1.2 ∗  𝐶𝑜𝑠𝑡 𝑜𝑓 𝑊𝑖𝑛𝑑 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐵𝑎𝑛𝑘
+ 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟
+ 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒𝑑                           (36) 

The balance of system or structure cost is approximately 

20% of the total wind system component cost which is 

widely assumed all over the world as reported by SECO 

[5] Also, assume that cost of procuring the land for the 

wind energy system is 20% of the total wind system 

component cost. Based on these assumptions, the capital 

cost (Co) for the wind system is determined using above 

eq. (36). 

5. Operating and maintenance cost of the system  

The operating and maintenance cost for the proposed 

system is 2% of the capital cost. The calculation of the 

operating and maintenance cost is as given by Eq. (37). 

 𝐶𝑂&𝑀 = 2% 𝑜𝑓 𝐶𝑜                               (37) 

The operating and maintenance cost of is added to the 

capital investment cost of the system to find out the 

modified cost of the system. So, the modified capital 

investment cost of the system is ₹ 10,734,233.24 with the 

use of Eq’s. (36) and (37). 

C. Life Cycle Cost Analysis for WT System 

1. Replacement cost of  battery bank system  

In the present Wind energy system the life of wind turbine 

and the battery is considered as 30 years and 5 years 

respectively and the life cycle cost analysis is based on the 

life time of both the turbine and the battery. The 
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subsidized interest rate normally offered by government 

sectors in India to promote the use of renewable energy 

applications is 4%. So, we have taken the rate of interest 

is 4% for our system. In India the old batteries are 

replaced on the rebate of 7% on total cost of battery. With 

the assumption of uniform replacement of battery 

throughout the life of the system the replacement cost of 

battery bank after 5 years is calculated by Eq. (38) 

𝑅𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐵𝑎𝑛𝑘  𝑅𝐶𝑏𝑏  = 0.93 ∗
𝐶𝑜𝑠𝑡 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘                        (38)  

In the present system the replacement cost of batteries is 

obtained as ₹ 2611440.  

2. Present battery bank cost  

The present cost of battery bank for future investments at 

every five years interval can be determined by eq. (39) as 

follows: 

 𝑃𝑟𝑒𝑠𝑒𝑛𝑡  𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐵𝑎𝑛𝑘 𝐶𝑜𝑠𝑡  𝑃𝐶𝑏𝑏  =  
𝑅𝐶𝑏𝑏

(1+𝑖)5 +

 
𝑅𝐶𝑏𝑏

(1+𝑖)10 +  
𝑅𝐶𝑏𝑏

(1+𝑖)15 +  
𝑅𝐶𝑏𝑏

(1+𝑖)20 +

 
𝑅𝐶𝑏𝑏

(1+𝑖)25                                                              (39)                                                                                                                                         

The present battery bank cost is obtained as ₹ 7547648.06 

with 4% interest rate. In this life cycle cost analysis the 

salvage value (S) of WT system at the end of 30 years life 

was assumed equal to the present cost of balance of 

system since the depreciation of balance of system was 

considered equivalent to the rate of escalation in the price 

of structural steel per kg. 

3. Present salvage value of  WT system 

The present salvage value of the system can be calculated 

by Eq. (40) 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑠𝑎𝑙𝑣𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒  𝑃𝑆𝑉 

=  
𝐶𝑜

 1 + 𝑖 30
                            (40) 

4. Net present cost of WT system  

Net present cost of WT system (CNet) is determined as 

summation of capital investment (Co), all other cost 

components converted into present cost and subtracted by 

present salvage value. The net present cost of PV system 

was determined using Eq. (41) as follows: 

𝐶𝑁𝑒𝑡 = 𝐶𝑜 + 𝐶𝑂&𝑀 + 𝑃𝐶𝑏𝑏 − 𝑃𝑆𝑉                    (41) 

5. Annualized lifecycle cost of WT system  

The annualized life cycle cost of WT power system over 

the 30 years lifetime is expressed mathematically using 

Eq. (42) [8] as follows 

𝐴𝐿𝐶𝐶  
𝑅𝑠

𝑦𝑒𝑎𝑟
 = 1.1 ∗ 𝐶𝑁𝑒𝑡

∗  
𝑖 × (1 + 𝑖)30

(1 + 𝑖)30 − 1
                        (42) 

6. Capacity utilization factor (CUF)  

The capacity utilization factor can be calculated by the 

following Eq. (43). The CUF is calculated to facilitate the 

unit cost of electricity. 

𝐶𝑈𝐹

=
𝑛𝑒𝑡 𝑎𝑛𝑛𝑢𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛  

𝑘𝑊
𝑦𝑟

 

8760 ∗  𝑅𝑎𝑡𝑒𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛 𝐾𝑊 
 (43) 

The CUF is obtained by the above Eq. which is essentially 

a measure of electrical energy generated per KW of 

installed capacity per year. 

7. Capital recovery factor (CRF)  

The below Eq. (44) shows the expression of capital 

recovery factor. It is used to determine the amount of each 

future annuity payment required to accumulate a given 

present value for known values of interest rates and 

number of payments.  

𝐶𝑅𝐹 =
𝑖 ∗ (1 + 𝑖)𝑛

(1 + 𝑖)𝑛 − 1
                                               (44) 

8. Unit cost of electricity (UCE)  

Using the capacity utilization factor the unit cost of 

electricity can be calculated by below Eq. (45). 

UCE =
Co (CRF + m)

8760 ∗  P ∗ (CUF)
                                     (45) 

Where Co is the capital cost, m is the fraction of capital 

cost used on operation and maintenance of the system and 

P is the capacity of the wind power generation system.  

9. Payback period 

The EPBT signifies time period required by energy yield 

for compensating the energy investments on the Stand 

Alone Wind Turbine power plant. The energy payback 

time for the existing SAWT system installed on steel 

structure over the ground surface can be calculated based 

on the below Eq. (46). 

𝑃 =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (𝐼)

𝑦𝑒𝑎𝑟𝑙𝑦 𝑛𝑒𝑡 𝑐𝑎𝑠 𝑓𝑙𝑜𝑤 (𝐶)
                            (46) 

The payback period for the proposed Wind Turbine 

system is calculated as 14.43 years with ₹ 9 per unit cost 

of the system running for 30 years. 

D. Co2 Emission Mitigation and Carbon Credit 

Potential from Proposed SAWT System 
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The carbon credit potential of Wind power system is 

determined on the basis of total amount of CO2 emissions 

mitigation from the system in its life time. The Co2 

emission and carbon credit potential are given by the 

below formulas. 

1. Co2 emission mitigated from WT system 

Conversion of energy through Wind Turbine (WT) system 

is one of the more reliable and environmental friendly 

renewable energy technologies which have the potential to 

contribute significantly in the development of sustainable 

energy systems for generation of power. It also plays an 

important role in CO2 emissions mitigation. To calculate 

the total CO2 emissions mitigated from the present SAPV 

power system a mathematical computation is carried out. 

The average intensity of CO2 emission from coal thermal 

power plant in India is 1.57 kg/kWh [1]. The total 

mitigation of CO2 emissions from the existing SAWT 

system for 30 years life can be calculated using Eq. (47) 

as follows: 

𝐶𝑂2  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒𝑑  𝑘𝑔 = 1.57  𝑘𝑔 𝑘𝑊  ∗
𝐸𝐶   𝑘𝑊 𝑦𝑒𝑎𝑟  ∗
𝑙𝑖𝑓𝑒 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚  𝑦𝑒𝑎𝑟                                     (47)                                                                                                                                                                               

A wind turbine power system does not dissipate huge 

amount of heat energy into the surrounding environment 

and saves a large amount of CO2 emissions. Hence, WT 

systems are eco friendly systems and a good option for 

power generation and must be preferred where electricity 

is not available or grid power is costlier. 

2. Carbon credit potential of proposed WT system  

The total amount of carbon credit earned by proposed 

Wind Turbine power system can be calculated by the 

following Eq. (48) as follows. 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑐𝑟𝑒𝑑𝑖𝑡 𝑒𝑎𝑟𝑛𝑒𝑑  𝑅𝑠 = ₹ 1706 𝑡𝑜𝑛 ∗
𝐶𝑂2𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑊𝑇 𝑠𝑦𝑠𝑡𝑒𝑚(48)                                                                        

The factor considered in Eq. (48) is ₹ 1760/ton of CO2 

mitigation represents the monetary value of one carbon 

credit for mitigation of 1 ton of CO2 emission [11]. 

3. Effect of carbon credit potential 

The CO2 emission mitigation from the existing power 

system is estimated as 88.31 tons/year from Eq. (47) for n 

equals to 1 year. The total CO2 emission mitigated by 

existing PV system in 30 years life time is estimated using 

Eq. (47) as 2649.375 tons. The carbon credit from the 

existing WT system is obtained using Eq’s. (47) and (48). 

The carbon credit affects the unit cost of electricity 

produced from non-polluting WT power system. 

E. Results of SAWT System 

The life cycle cost analysis is carried out for the presented 

standalone Wind Turbine power system and the key 

results obtained are listed in Table 5.4. The unit electricity 

cost using Wind Turbine systems were estimated as ₹ 

9/kWh for the interest rate of 4%, 30 years life of WT 

system and 5 years life of battery bank. 

The energy consumed by the load per year was 

determined as 56250 kWh/year and corresponding CO2 

emission mitigated is estimated as 88.31 tons/year. The 

total CO2 emission mitigated by existing PV system in 30 

years life time was estimated using Eq. (47) as 2649.375 

tons. 

Table 3: Results of WT power system 

S.No. Component Cost (₹) 

 

1 

 

Wind Turbine 

                      

1,377,000 

2 Battery bank 2,808,000 

3 Converter 1,784,798.4 

4 Capital Investment 10,734,233.24 

5 Battery replacement 2,611,440 

6 Salvage value 3,313,034.95 

7 Net present value 14,968,882.35 

8 Unit cost of electricity 9/kWh 

9 

 

10 

 

 

CO2 emission mitigated 

 

Carbon credit earned 

26,49,375 tons or 88.31 

tons/yr   

₹ 45,19,833.75 or 

₹1,50,661.125/yr 

 

HOMER Software 

The Hybrid Optimization Model for Electrical Renewable 

(HOMER) software is used for design and analysis of 

renewable hybrid power systems, this software contains a 

combination of conventional generators, cogeneration, 

wind turbines, solar photovoltaic, hydropower, batteries, 

fuel cells, biomass and other power inputs. This software 

can analyze either grid connected or standalone power 

systems and it can also calculate the greenhouse gas 

emission from the system. By using this software the user 

can provide an hourly power consumption profile as an 

input and match renewable energy generation for the load. 

For medium and large scale projects, this software allows 

the analysis of micro-grid potential, peak renewable 

penetration, ratio of renewable energy sources to total 

energy, and stability of grid. Beside this, for calculating 

the cost of various energy projects the HOMER software 

comprises a powerful optimizing function that is useful 

for cost minimization and optimization of scenarios based 

on other various factors (e.g., CO2 minimization). 

The main three task performed by HOMER software at 

the time of operation are Simulation, Optimization and 

Sensitivity analysis. Hourly load data in kW is required to 

input in HOMER and the user can input time-step-to-

time-step and day-to-day variability, annual scaled 

average (kWh/day), or an efficiency multiplier. The user 

has to select the system components which have to be 

analyzed, and data of each component is required.  
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Comparison between Mathematical Calculation and 

HOMER Simulation results for SPV System 

Table 4: Comparison of Mathematical Calculation and 

HOMER Simulation of SPV System 

COMPONENT 

TYPE 

MATHEMATICAL 

COST(₹) 

HOMER 

COST (₹) 

PV Panel 1,293,600 1,830,000 

Battery 612,500 833,280 

Inverter 1,013,510 238,320 

Total cost of 

components 
2,919,610 2,901,600 

Net Present Cost 6,741,086 8,924,580 

 

Comparison between Mathematical Calculation and 

HOMER Simulation results for Wind Turbine System 

Table 5: Comparison of Mathematical Calculation and 

HOMER Simulation of Wind Turbine System 

COMPONENT 

TYPE 

MATHEMATICAL 

COST 

HOMER 

COST 

Wind Turbine 1377000 3115020 

Battery 2808000 1548000 

Converter 1784798.4 376500 

Total cost of 

components 
5969798.4 4500000 

Net Present Cost 14968882.35 10083780 

 

HOMER Results of Hybrid PV-Wind System 

Table 6: Cost Data from HOMER Simulation of Hybrid 

Solar-Wind Energy System 

 

 

COMPONENT HOMER COST (₹) 

PV Panel 1800000 

Wind Turbine 1836000 

Battery 898560 

Converter 515520 

Total cost of components 5050080 

Net Present Cost 8167320 

 

IV. CONCLUSION 

This study presented the simple sizing technique for 

calculation of sizing and cost of all components, capital 

investment cost, life cycle cost, per unit cost of electricity 

generation and carbon emission with carbon credit earned 

of PV and wind energy system. It has also compared the 

mathematical results with HOMER software results. 
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