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Abstract: This paper describes the review of hybrid 

solar and wind renewable energy system for an off grid 

residential application in Chennai, Tamil Nadu 600003, 

India(13°5.0'N, 80°16.2'E) from(July 1983-June 

2005)according to NASA data. The aim of the study is 

to know the performance and number of operating 

hours for Photovoltaic system and wind system per year 

have been analyzed. The optimal combination of 

renewable sources and energy storage was obtained 

based on average solar radiation and wind speed in 

Chennai according to NASA data for 22 yearsfor 

residential demand. In this paper we used HOMER 

software to find the, levelized cost for solar and wind 

system, Number of operation hours per year, total 

production in a year and capacity factor for solar and 

wind system and converter was calculated. The result 

shows that the Instantaneous Renewable output divided 

by load, Instantaneous Renewable output divided by 

generation, Monthly Average of Electricity Production 

by Solar PV System and which is feasible thing to 

operate the solar and wind system calculated for 

lifetime for 22 years lifetime. 

 

Keywords: Renewable Energy System, Photovoltaic 

System, Wind System, Solar irradiance, wind speed  

 

1. Introduction 
 

The Hybrid renewable energy systems plays an 

important role in reliable power supply for residential 

or commercial applications [11]. The solar radiation 

and wind speed will change every period of time. The 

system should design in order to satisfy the load 

demand for every time. The demand should not be 

constant but it will change over every period of time for 

residential or commercial applications. The load can be 

categorized as peak load and non peak loads. The cost 

of energy could be Rs.1.50 Rs/KWh for half peak hours 

and the cost of energy will be 5 Rs/KWh for peak 

hours. According to the year 2016 data, the power 

outage factor in India is 286hrs/year. Now a days many 

countries has dynamic tariff. It is required to design a 

hybrid system with less cost i.e operating cost, 

maintenance cost, and generation cost [12]. There are 

many studies have been conducted in order to have high 

reliability and lowest cost for hybrid renewable energy 

system [1-3] 

The best way to use solar energy is to convert the 

sun light directly into electricity and this is 

accomplished effectively by means of Photo-voltaic 

cells [4,6]. The DC electricity is generated by the above 

mentioned cells, without involvement of any 

mechanical system, as sunlight falls on them. The 

generation of an electromotive force as the result of 

absorption of ionizing radiation is defined as the Photo 

voltaic effect. Energy conversion devices that use 

photovoltaic effect in order to convert sunlight to 

electricity are called Solar cells [4]. 

The Solar PV System operate depending on the sun 

rays period and wind system operate when the 

environment has wind speed. Both the system can’t 

operate all time. But the demand should be satisfied by 

renewable source be the ultimate objective of current 

research. The battery banks are provided for storage of 

energy. The Sizing of battery should be taken in 

consideration when there is excess electricity. The 

optimal size of the system designed to have optimal 

solution [13]. The converters are designed in such a 

way that, the losses should be minimized and the 

operation should be efficient.  

The Location is important to identify to choose a 

renewable energy system. Where there is solar 

radiations like Kashmir, India or where there is no 

speed when the system is located, the use of renewable 

energy will not be reliable. The System want to identify 

when the solar or wind system should operate in 

particular location. The Optimal combination of 

different components have been chosen for every 

period of time to operate the hybrid renewable energy 

system. The HOMER (Hybrid Optimization Model for 

Electric Renewables) have been chosen in order to 

optimize multiple energy sources. The other renewable 

energy based software only optimize sing source at a 

time. For knowing average solar radiation, wind speed 

(25 years period) for particular location, HOMER is a 

best software designed by NASA. By Cycle charging 
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and load following the HOMER software will optimize 

the system. At present an outpouring of researches have 

been said to work on modelling, sizing and simulation 

of such hybrid energy systems from design to operation 

[5]. 

 

2. Proposed Block Diagram Using Homer 

 
The proposed block diagram for Hybrid Renewable 

Energy System is shown in Figure1 

 

 
Figure 1. Hybrid Renewable Energy System 

 

The Renewable sources such as solar and PV 

system connected to the DC bus for generating power. 

In case of less renewable energies, lead acid batteries 

supply power to the load in order to have continuity of 

generation. The converter used to convert either AC to 

DC or DC to AC for providing power to residential 

applications [17,18]. The Load is connected to AC bus 

which will vary according to every period of time. The 

Solar PV and wind system will operate depending on 

the load demand. 

 

A. Data Collection 

 

The Air temperature and monthly average value over 22 

years period (July 1983-June 2005) calculated and wind 

speed at 50m above the surface of earth for terrain 

similar to airports monthly average value over 10Years 

period (July 1983- June 1993) calculated according to 

National Renewable Energy Laboratory as shown in 

table-I 

 

 

Table 1. Average monthly solar radiation & speed 

 

Months 

Solar PV 

System        Wind System 

Clearness 

Index 

Daily 

Radiation 

(KWh/m
2
/

day) 

 

Average 

wind speed 

(m/s) 

January 0.508 4.309 4.87 

February 0.6 5.558 4.46 

March 0.573 5.773 4.45 

April 0.587 6.192 4.49 

May 0.535 5.673 4.86 

June 0.464 4.878 5.52 

July 0.464 4.882 5.3 

August 0.456 4.794 5.24 

Sep 0.49 4.988 3.83 

October 0.483 4.564 3.56 

Nov 0.471 4.061 4.56 

Dec 0.475 3.892 5.28 

 

B. Photovoltaic  System 

  
Here flat plate generic PV used of rated capacity of 

100KW. The Photovoltaic module is designed and 

analyzed in order to have less losses and better 

efficiency [6]. The capital, replacement, O&M cost for 

Solar PV System as shown in table-II 

 

Table 2. PV Size and cost 

 

Size 

(KW) 

Capital 

Cost (Rs) 

Replacement 

Cost (Rs) 

O&M 

cost 

(Rs/Yr) 

1 36,000 30,000 3600 

5 1,80,000 1,50,000 18,000 

10 3,60,000 3,00,000 36,000 

 

C. Wind System 

 

Here 10KW wind turbine used in our study. The 

capital, replacement, O&M cost for wind System as 

shown in table-II 
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Table 3. Wind Turbine Quantities & cost 

 

Quantity Capital 

Cost (Rs) 

Replacement 

Cost (Rs) 

O&M 

cost 

(Rs/Yr) 

1 2,40,000 1,80,000 12,000 

2 4,80,000 3,60,000 24,000 

5 12,00,000 9,00,000 60,000 

 

 
 

Figure 2.Wind Turbine Power curve 

 

 
 

Figure 3. Height (m) vs wind speed (m/s) 

 

Table 4. Wind speed vs Output Power 

 

Wind speed (m/s) Power Output (KW) 

0 0 

3 0 

4 0.19 

5 0.37 

6 0.93 

 

D. Battery Storage 

 
A battery stores electrical energy in a reversible 

chemical reaction [19, 21, and 22]. The renewable 

energy (RE) source (PV, wind) produces the energy, 

and the battery stores it for times of low wind speed or 

there is no solar radiation or no renewable energy 

produced due to environmental condition. Energy 

storage using batteries is accepted as one of the most 

important and efficient ways of stabilizing electricity 

networks and there are a variety of different battery 

chemistries used. Lead is the most efficiently recycled 

commodity metal and lead batteries are the only battery 

energy storage system that is almost completely 

recycled with over 99% of lead batteries being collected 

and recycled in Europe and USA [15].Lead–acid has 

been used for large-scale stationary energy storage for 

some considerable time   [16]. 

This is a generic 12V Lead acid battery with 1KWh 

of Energy Storage with Nominal capacity of 1KWh and 

maximum capacity of 83.4Ah used. The capital cost, 

replacement cost and operational & Maintenance 

(O&M) cost as shown in table-V 

 

Table 5. Battery Quantities & Costs 

 
Quantity Capital 

Cost (Rs) 

Replacement 

Cost (Rs) 

O&M cost 

(Rs/Yr) 

1 15,000 12,000 1,500 

2 75,000 60000 7,500 

 

E. Electric Load 

 
The load demand profile for every months in a year 

have been updated. The Electric load have been 

included in a system so that renewable energy will 

satisfy the demand. The seasonal and daily load profile 

as shown in in Figure4 and 5.The average load, peak 

load and load factor obtained are shown in table-VI. 

 
 

Figure 4. Seasonal load profile 

 

 
 

Figure 5. Daily load profile 
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Table 6. Load specification 

 

 

 

 

 

 

 

 

 

 

 

F. Converter 

 

The converter is used to convert AC Voltage into DC 

Voltage or DC to AC depending on the application 

[23]. The size used is 5KW capacity generic system 

converter used with capital cost of Rs.1,20,000 

 

3. System Modelling 

 

The modeling of the system shown in fig (1) includes 

Solar PV system, Wind System, Battery Storage, 

Converters used in our study. The system is modeled to 

determine the governing equation for the single diode 

model in solar PV system [8], Relationship between 

output power from wind turbine and wind speed in 

wind system, discharging and charging energy for 

batteries. 

 

A. Photovoltaic  System  

 
 

Figure 6. Equivalent circuit of PV system 

 
The governing equation for the equivalent circuit of 

Photovoltaic system shown in Figure6 is formulated 

using Kirchhoff’s current law for current: 

 

……………….. (1) 

IL  -Light-generated current in the cell,   

ID  -Voltage-dependent current lost to recombination 

Ish- Current lost due to shunt resistances.  

In this single diode model, ID  is modeled using 

Shockley equation for an ideal diode: 

…. (2) 

where ‘n’  is the diode ideality factor (unit less, 

usually between 1 and 2 for a single junction cell),  is 

the saturation current, and  is the thermal voltage given 

by 

 
where  k- Boltzmann’s 

constant  and  ‘q’is the 

elementary charge  

Writing the shunt current 

as …………..(3) 

Thus combining above equations (1), (2), (3) results 

in the complete governing equation for the single diode 

model: 

……… (4) 

 

B. Wind System 

 
The relationship between output power from wind 

turbine and wind speed is given by  

….. (5) 

Where 

PWT -Mechanical output power of the wind 

turbine (W), cpis the performance coefficient of the 

wind turbine,  

cp – coefficient of wind turbine 

ρ -air density (kg/m3), 

A- turbine swept area(m2), 

vcut-in -cut-in wind speed (m/s), 

vwind -windspeed (m/s), 

vcut-out-cut-out wind speed (m/s), λ- tip speed ratio of 

the rotor blade tip speed to wind speed  

β-blade pitch angle (deg). 

The turbine will not operate below the cut-in speed 

as it will not produce sufficient power. The wind 

turbine stops operation above the cut-out speed inorder 

toprevent overload on turbine components or any 

damage to equipment’s [9-10]. 

 

 

 

Metric Baseline Scaled 

Average 

(KWh/d) 
141 141 

Average 

(KW) 
5.88 5.88 

Peak (KW) 15.21 15.21 

Load factor 0.39 0.39 
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C. Battery Storage 

 

For system shown in fig (1), generic 12V Lead acid 

battery with 1KWh of Energy Storage with Nominal 

capacity of 1KWh and maximum capacity of 83.4Ah 

used. The discharging and charging energy are 

expressed by equation (6) 

………. (6) 

 

4. Simulation Results and Performance Analysis 

 
In order to analyze the system performance the number 

of operating hours for Solar PV System and wind 

system in a year for Chennai, Tamil Nadu 600003, 

India (13°5.0'N, 80°16.2'E) have been calculated. By 

obtaining solar radiation and wind speed data, through 

HOMER optimization techniques, following output 

have been simulated as shown in Figure7-9 

(i) Instantaneous Renewable output divided by load 

(ii) Instantaneous Renewable output divided by 

generation 

(iii) Monthly Average of Electricity Production by 

Solar PV System 

 

 
Figure7.Instantaneous Renewable Output  

Divided by Load 

 
Figure8.Instantaneous Renewable Output  

Divided by Generation 

 

 
Figure 9. Monthly Average of Electricity Production 

by Solar PV System 

 

A. PV: Generic Flat Plate PV 

 

The results obtained from HOMER software for Solar 

PV system (Calculated for 22 years in Chennai) was 

shown in table-VII 

 

Table 7. Output details for PV system 

 

Quantity Value 

Hours of 

operation 

4372 hrs/yr 

Levelized cost 4.45 Rs/KWhr 

Capacity factor 16.8 % 

Total Production 22.9 KWhr/yr 

Maximum Output 0.0151KW 

 

B. Wind Turbine: Generic 10KW: 

 

The results obtained from HOMER software for Wind 

system (Calculated for 22 years in Chennai) was shown 

in table-VIII 

 

Table 7. Output details for Wind system 

 

Quantity Value 

Hours of 

operation 

6,007 Hrs/year 

Levelized cost 4.82 Rs/year 

Capacity factor 7.73% 

Total Production 6773 KWh/year 

Maximum Output 9.94 

 

C. Converter: 

 

The converter for renewable energy application is 

designed and analyzed [7]. The results obtained from 

HOMER software converter (Calculated for 22 years in 

Chennai) was shown in table-IX 

 

International Journal of Pure and Applied Mathematics Special Issue

1571



Table 8. Output details for PV system 

 

Quantity Value 

Hours of 

operation 

6958 Hrs/Year 

Capacity factor 61.8% 

Energy out 787 KWhr/year 

Energy In 828 KWhr/Year 

 

5. Conclusion 

 
This paper shows review of hybrid solar and wind 

renewable energy system for an off grid residential 

application in Chennai, Tamil Nadu 600003, 

India(13°5.0'N, 80°16.2'E) from (July 1983-June 2005) 

according to NASA data . The result shows that the 

levelized cost for solar and wind system, Number of 

operation hours per year, total production in a year and 

capacity factor for solar and wind system and converter 

was calculated. The load was connected to hybrid 

system in order to analyze the feasible solution for 

operating solar or wind system.By updating solar 

radiation, wind speed, Replacement cost, Operation and 

maintenance cost, capital cost for solar and wind 

system as inputs, the output obtained. Depending on the 

availability of solar and wind system, the system will 

obtain optimal configuration. The result was obtained 

by HOMER software. 
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