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1. Introduction 

 

Nowadays hybrid systems have become one of the most 

promising solutions to provide electricity for different areas 

and to meet theirs needs [1]. According to the discontinuous 

energy that is produced by renewable energies, practically is 

proven that a hybrid system of these renewable energies can 

be a proper solution in order to produce energy in different 
weather situations. With a proper hybrid system, it is 

possible to reach to a cost-effective, clean and reliable 

energy system [2]. Using renewable energy for buildings is 

an important step toward zero energy consumption and 

buildings with zero emission [3]. Renewable energy systems 

can be used as a single stand-alone system or hybrid 

systems. In fact, by comparing factors of efficiency, cost, 

and reliability for single and hybrid renewable systems, it is 

concluded that a renewable energy based hybrid system 

(REHS) offers a better option than a single source based 

system [4]. In particular, in urban areas due to the 
accessibility of the wind and solar energy, it is more 

common to use Photovoltaic (PV)-wind based systems as 

off-grid hybrid systems. In addition to that, wind energy and 

solar energy’s availability is contrary during a year. Thus, 

that’s another proof for the PV-wind systems pervasive 

approach. Several studies approved PV-wind hybrid systems 

as a promising power generating source [5-8]. In order to 

obtain the most optimum design of the hybrid system, 

modeling and estimating the solar insolation has much 

importance. There are a lot of research and review studies 

about global solar insolation in the literature. By combining 
the modeling of the PV/Wind/Battery system with an 

appropriate optimization algorithm, the operation of the 

system can be optimized. 

Electricity is an important factor for industrialization, 

urbanization and financial growth of any country [10]. Solar 

and wind energy systems are the most important sources of 

energy. The utilization of solar and wind energy systems 

have become increasingly popular due to modular and 

environment-friendly nature [11]. The field of solar–the wind 

has experienced a remarkable growth for past two decades 

in its widespread use of standalone to utility interactive 
solar–wind systems [12]. Solar and wind energy system 

works normally in stand-alone or grid connected mode, but 

the efficiency of these sources is less due to the stochastic 
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Due to the growing rate of the cost of energy carriers and the shortage of different kinds of fuels, day by day it 
becomes more essential to use renewable energies such as wind, solar, hydrogen, geothermal, etc. The 
application of renewable energies for household use is an ideal solution to reduce enviromental pollution. It is 
possible to use different kinds of renewable energy systems either single or hybrid. Because of the fact that by 
using the single method it is not possible to use any kinds of these energies in a continuous way, so it is better 
to use the hybrid system in order to use these energies in a continuous way. In this paper an ordinary household 

user in Tehran is studied for the feasibility and financial optimization of the PV-wind renewable hybrid energy 
system by HOMERa ENERGY software. Also, the results are analyzed and compared with some other cities 
with their own data. The optimization results contain the number of components and primary costs.  In this 
designed system for the specified user, the price of electricity generated per kWh is given by the software and 
equals to 22.4 cents. The price of electricity per kWh which is generated and sold in Iran almost equals to 10 
cents. Due to the advantages of renewable energies for the enviroment, it is cost effective to use PV-wind 
hybrid energy system. A storage system is also considered to store the excess energy produced by the hybrid 
system. Also, during a 25-year period, all the costs which are used for this system are returned back. 
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nature of solar and wind resources. The hybrid renewable 

energy sources with grid integration overcome this 

drawback of being unpredictable in nature [13]. 

The main purpose of this study is to reach to a hybrid 

system consisting of PV-wind and battery bank as a storage 

part that is cost-effective and is suitable for household use. 
Target function is the time needed to bring back the money 

that is invested [14]. 

 

2. Materials and Methods 

2.1. Hybrid system 

 

A hybrid system basically consists of energy sources that 

work together in parallel and they are also parallel with a 

battery storage system [15]. Figure 1 shows a general 

schematic of a hybrid system. This plan is to reduce the 

amount of the electricity used in the network. 

In order to optimize the hybrid system, modeling every 
part of the system is necessary in order to have the 

maximum efficiency. By combining PV, wind, and battery, 

it is possible to reach to an optimized model [14]. 

 
 

 
 

 

 

 

 
 
 
 
 

 
 

Figure 1. General Schematic of hybrid system 
 

 

2.2. Describing the system and the area 

 

The specified system in this study is a hybrid off-grid 

system which consists of wind turbine, solar panels and 

battery storage system. The overall schematic of this system 
is shown in figure 2. 

 
Figure 2. Overall schematic of the system 

 
The amount of the wind that is passed through turbine 

blades can be controlled by intersecting the edge of the roof. 

The case study is a residential house in Tehran city and 

the goal of this paper is to design a hybrid energy system by 

means of solar and wind energy regarding its load profile. 

 

2.3. Introduction to HOMER ENERGY software 

 

HOMER ENERGY software is used for simulation, 

technical and economical evaluation of hybrid systems. This 

software was created and developed by NREL (national 

renewable energy laboratory). HOMER gives this ability to 

users to compare different design alternatives from technical 

and economical aspects. Also, it provides the ability to apply 
changes and uncertainties. It can also model performance of 

a special array of an energy system for each hour of a year 

by determining different possible ways of providing the 

required energy and the cost of its life cycle. In optimization 

process, HOMER studies all the possible arrays of providing 

power by considering constraints, in order to choose the 

most economical case regarding the cost of the life cycle. 

In order to model a system of photovoltaic cells and a wind 

turbine, the information of the solar source and wind speed 

of the area must be given in HOMER. It calculates the 

amount of energy of renewable energy by one-hour steps. 

For most of small energy systems, especially those that 
contain periodical renewable energies, one-hour step seems 

to be a precise step. This software uses net present value 

equation for the cost of the life cycle that consists of initial 

investment costs, replacement cost, repairment, fuel, buying 

electricity from the grid, selling electricity to the grid and 

the penalties from air pollution. When calculating the net 

present value of costs, expenses are considered to be 

negative and incomes are considered to be positive [16].  

Incomes and expenses are evaluated by a constant rate 

during a year. In this evaluation in order to consider the 

effect of inflation in calculations, at the end of the analysis 
process, the system must be again considered by the real 

interest rate which is originated from inflation rate. 

In simulation process, all the possible alternatives are 

simulated and then the software will arrange them according 

to the net value of expenses and finally will introduce the 

best array that has the least net value expenses as the best 

one.  

 

2.4. Modeling and economical analysis of a hybrid 

PV/Wind/Battery storage system with HOMER 

 

The purpose of this part is to design a hybrid 
PV/Wind/Battery storage system for a case study in Tehran. 

The first and basic step to design an energy system is to 

study the area and to estimate the monthly wind speed and 

solar radiation during 24 hours of the day. 

 

Schematic of designed system 

The schematic of designed system which is considered in 

this paper is shown Figure 3. 

 

 
Figure 3. Hybrid system designed in HOMER 
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Load profile during day and night  

Average load profile during day and night is shown in figure 

4. Changes in electricity usage are considered to be 10 %.  

 

 
Figure 4. load profile during 24 hour 

 

Intensity and solar radiation in the area 

 

It is necessary to consider the intensity of solar radiation in 
the area, so solar radiation profile during 22 years for 

Tehran with the latitude of 35.6892° N and longitude of 

51.3890° E and with a tilt angle of 49.7° is shown in figure 

5.  

 

 
Figure 5. profile of solar radiation in different months 

(kWh/m2/day) 
 

Wind energy  

  
Another feature that should be considered is average wind 

speed during different seasons. According to the 

geographical coordinates of Tehran that were mentioned 

earlier, wind speed during 10 years in 10 meters is shown in 

figure 6. 

 
Figure 6. wind speed profile during different months in the area 

(m/s) 
 

3. Results and Discussions 

 

Wind turbine 

The turbine used in this design is 1 kW wind turbine and the 

cost of each unit, replacement, and O&M costs are 550, 550 

and 50 $. (Figure 7, 8) 

 

 
Figure 7.  power curve for Generic 1 kW wind turbine 

 

 
Figure 8. expenses curve for 1 kW wind turbine 

 

Solar panels  

 

The costs of installing solar panels are different from 6-10 $ 

per watt [17, 18]. In this study, the cost of installation and 

replacement per 1 kW system equals to 35 and 35 $ and 

maintenance cost is considered to be 5 $. The life span of 

these panels is usually between 20 to 25 years (Figure 9). 

 

 
Figure 9. cost curve of solar panels 

 

Battery bank 

 

Since that wind and solar energy are uncontrollable sources, 

it is necessary to use battery banks in addition to wind 

turbine and solar panels to store energy. Initial cost and 

replacement cost of each battery are 180, 180 $. (Figure 10). 

 

Converter 

 
In order to have a connection between AC usage and DC 

generation, it is needed to have an electronic converter. For 

a 1 kW system, installation and replacement cost are 300, 

300 $, respectively.  
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Figure 10. cost curve of battery 

 

 

Optimization 

 

HOMER ENERGY software considers an optimized array 

for the hybrid system, after studying different possible 

cases. Different studied results are shown in table 1. 
 

Table 1. Different studied results studied in HOMER 

 
 

 

Hybrid analysis during a year  

 

After analyzing the hybrid system in HOMER, finally, the 

system consists of 1 wind turbine, 1 photovoltaic cells, and 

1 battery. The share of each source to generate electricity is 

shown in Table 2. 
 

Table 2.  share of each source to generate electricity 

Energy source kWh/yr Percent 

PV array 190 21 

Wind turbine 703 79 

Total 892 100 

 

 

 

 

4. Conclusion 

 

The main purpose of a hybrid system is to on one hand 

provide electricity for a house in different weather situations 

and on the other hand to reduce construction and operation 

cost of the system. Due to low costs of electricity in Iran 
compared to the average cost in the world, it’s not much 

cost-effective to invest in renewable energy in order to 

supply electricity for a house, although it has many benefits 

on the environment. But due to the proper geographical 

location which is being studied for the renewable energy 

system, it is expected to supply energy with a proper cost 

with the help of the government that also leads to saving the 

environment. 

Comparing the results between Tehran and Kerman 

cities with the assumption of same load profile in these 

cities, the results show that cost of hybrid generated power 

in Kerman and Tehran is 0.224  $/kWh and 0.247 $/kWh, 
respectively. The reason for the difference in costs is that 

these cities have different solar radiation and wind speeds. 

Final price of electrical power in Kerman is lower, regarding 

its geographical location. 
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