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ABSTRACT 

In recent years, renewable energy technologies such as wind and solar have had significant growth. The primary 

purposes of integration of renewable resources are exploitation of free sources of energy as well as environmental 

advantages. Besides, they can be used close to the consumption centers in order to remove the necessity of high-

voltage transmission lines. The use of such renewable sources along with an energy storage in the form of a hybrid 

system improves the system reliability. The importance of achieving a proper configuration of off-grid hybrid energy 

systems in order to reduce the implementation cost and improve the continuous supply of the loads as well as system 

reliability necessitates the employment of powerful software for optimization. Therefore, in the present study, the 

HOMER software is used to impose the best possible trade-off between cost and reliability (loss of power supply 

probability (LPSP)) for an off-grid hybrid energy system (consists of wind turbines, photovoltaic panels, and batteries) 

to supply a load in remote areas. The contribution of this work indicates calculating a solution for optimal 

configuration of hybrid system incorporating both economic and reliability (LPSP) aspects using HOMER software. 

The data of load, solar radiation and definite wind speed for Kurdeh village, located in the central district of the 

Larestan city were used. The system costs consist of initial investment, operational and maintenance of equipment and 

replacement costs. The considered prices are real and the used equipment is available in the market.  
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1.  INTRODUCTION 
     Electrical energy is the most common and popular 
form of energy. The reason of the widespread use of 
this kind of energy includes the ease of transmission, 
low emissions, and high efficiency. Due to population 
scattering, the biggest problem in the use of electric 
energy is the inaccessibility to the main electricity 
network in the remote and impassable areas. Moreover, 
because of the population scattering and the high 
number of such off-grid consumers, the construction of 
long transmission lines and connecting them to the 
network, usually need high costs and in many cases, is 
not economically affordable. A solution that has been 
adopted to overcome this problem is the use of 
independent systems from the electric network. Several 
energy sources are used in this system for electricity 
production, including diesel generators, micro-turbines, 
wind turbine, photovoltaic, etc. [1]. 

Generally, hybrid systems are used in such 
networks. The hybrid system consists of a set of 
electricity generation systems that are fed from 

different energy sources and are working together in a 
complementary and combinatorial way. The different 
modes of the hybrid systems can be selected regard to 
the location features of the installation area (the 
intensity of solar radiation, temperature, wind speed, 
etc.). In off-grid systems, there is a high tendency to 
exploit renewable energy sources for local supplying 
due to the non-renewable and finite nature of fossil 
fuels as well as high prices of them [2].  

The wind and solar energies are the most important 
renewable resources because of their high efficiency 
and their feature of having no emission of pollutant 
gases. The wind and solar systems have a significant 
implication in lowering the electricity price of the off-
grid system due to high efficiency, long lifespan, and 
low maintenance costs. However, the stochastic nature 
of these types of energies necessitates the utilization of 
energy storage systems in order to increase the 
reliability in independent hybrid systems. The 
optimized design is the most important issue in using 
an independent system. The optimization of hybrid 
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system supplies the load with the lowest cost and the 
best reliability [3-4].  

In the reference [5], the HOMER software is used 
to explore the technical and economic feasibility of 
wind-solar off-grid hybrid systems with batteries and 
fuel cells storage in Egypt. In [6], the technical and 
economic viability study of an off-grid hybrid system 
(micro-hydro / Photovoltaic / biomass and biogas / 
diesel generator / battery) in the state of Uttarakhand in 
India is evaluated using the HOMER software. In this 
article, the optimal structure has been determined based 
on the lowest cost of energy (COE) and the net present 
cost (NPC) by considering the maximum contribution 
of renewable energy and the least amount of harmful 
greenhouse gas emissions (CO2). In [7], the particle 
swarm optimization algorithm (PSO) is employed to 
optimize the sizing of an off-grid hybrid renewable 
energy system (HRES) for supplying electricity of a 
remote area in Kerman. In this article, the optimal 
structure has been selected based on minimizing the life 
cycle cost (LCC) and attaining a specific level of 
reliability (loss of power supply probability (LPSP)). 
The improved genetic optimization algorithm to 
optimize the wind-solar hybrid system with battery 
storage is used in [8]. In this study, optimization is 
done based on a multi-objective function, including life 
cycle cost (LCC), LPSP and embodied energy (EE).  

In [9], the preference-inspired co-evolutionary 
algorithm using goal vectors (PICEA-g) is used to 
optimize a hybrid system (wind/solar/diesel 
generator/battery). In this article, the constraints such 
as the annual cost of the system (ACS), LPSP and 
emission restrictions have been used to optimize the 
hybrid system. The authors in [10] have used a wind / 
solar /pump storage hybrid system for electrification of 
an independent remote load on the network. In this 
study, in addition to reducing COE, it is tried to 
minimize LPSP index. In references [11-15], the 
HOMER software is used to optimize hybrid systems. 
In these articles, in addition to NPC and COE, LPSP is 
also studied.  

The main goal of this study is optimal designing of 

wind and solar hybrid system with battery storage 

regard to the LPSP reliability index to provide reliable 

electrical energy with minimal cost. Therefore, 

HOMER software is used. The data of an independent 

load in the Kurdeh village, Larestan is analyzed for 

stimulation. Kurdeh is a village in the central district of 

Larestan city in Fars province of Iran. It is located in 

the Dehkuyeh village. According to the data provided 

by the statistical center of Iran, the census results for 

this remote area in 2011 shows the population of 3353 

people (868 families). The following sections of this 

study will explain the structure of the hybrid system 

and related constraints. In the last section, it is 

attempted to describe the simulations and the 

conclusions are discussed. In the most of the previous 

similar works, the HOMER software is used in order to 

only minimize the total operational and investment 

costs. However, the importance of reliability is 

described in the literature which is mostly calculated by 

intelligent algorithms and swarm optimization methods. 

The novelty of this work emphasizes on using HOMER 

to optimize the design of hybrid system while the costs 

are minimized and the reliability is maximized. In this 

respect, the index of LPSP is incorporated in the 

HOMER software. 

 

2.  MODELING OF THE STUDIED HYBRID 

SYSTEM 
The studied hybrid system consists of wind 

turbines, solar panels, batteries, converters, control and 
communication equipment. The schematic diagram of 
the system is shown in Figure 1. In this section, each of 
these components has been studied, and the appropriate 
model and technical specifications of each one are 
presented. 

Load

DC

AC

Convertor

DC BUSAC BUS

Wind 

Turbine
Solar Panel

Battery

 
Fig. 1.  Studied schematic diagram of the hybrid 

system. 

 

2.1.  Wind Turbine 
Wind power, like other renewable energy sources, 

is an omnipresent energy and is considered as a 
dispersed and decentralized energy that is almost 
always accessible. The output power of a wind turbine 
is calculated by (1) [16]: 
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 (1) 

Where PWT
t is the output power of the wind turbine 

at time t, Pr is the nominal power of each wind turbine, 
v is the wind speed, vci is the cut-in speed, vco is the cut-
out speed, vr is the nominal speed (rated velocity) of the 
turbine. The data of utilized wind turbines in this paper 
is shown in Table 1. 

 

2.2.  Photovoltaic Panel 
A phenomenon that generates electricity by light 

irradiation is called photovoltaic phenomenon, and any 
system that uses this phenomenon is called 
photovoltaic system. The equation 2 and 3 declare the 
estimated generated power of photovoltaic cells [17].  
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Where Np and Ns are the number of rows and 
columns of solar panels, Gt is the intensity of solar 
radiation at time t. PPV,rated is the nominal value of solar 
power for 1000W/m2 of radiation per cell. It is assumed 
that all photovoltaic systems have maximum power 
point tracking (MPPT) and the efficiency of this system 
is considered 98%. In this equation, θpv declares the 
installation angle of solar panels regard to the 
benchmark of earth’s surface and is considered equal to 
latitude of the intended region. The characteristics of 
photovoltaic panels used in this paper are shown in 
Table 1. 

 

2.3.   Battery Model 
Batteries have two different applications in a hybrid 

system: 1- Storing the extra power generated by the 
system, 2- Providing additional energy requested by the 
load. The battery status of charge (SOC) can be 
calculated by (4) [18]: 

 ( ) ( ) ( )i

Battery Battery busSOC t +1 SOC t P t V t     (4) 

Where SOC(t) is the amount of energy stored in the 
batteries in the last day, ηBattery is the battery efficiency 
and Pi

Battery(t) is the total power stored in the battery in 
the same day. Moreover, the battery bank, which has a 
specified total nominal capacity, is allowed to 
discharge to a certain level which can be determined by 
the DOD as follows: 

 min max1SOC DOD SOC    (5) 

Where DOD is the maximum level of discharge of 
battery, SOCmin is the lower limit of charging status; 
SOCmax is the upper limit while charging of the battery. 
The data of battery used in this project is shown in 
Table 1. 

  

2.4.  Converter 

Converter indicates the elements that convert direct 

current to alternating current and vice versa. It should 

be noted that the type of employed converter is voltage 

source converter. Hence, the toolbox of convertor is 

used in HOMER software’s interface which functions 

as both AC/DC and DC/AC convertors. Electric 

converters do not have moving or rotating components 

and they have different applications in various power 

ranges. The data of electric converter that is used in this 

study is shown in Table 1. 

 

3.  RELIABILITY OF THE SYSTEM 
The consideration of the real profit of utilized 

hybrid system in this article (wind/solar/battery) and 
providing ensured continuous operation of the hybrid 
system to supply the needed power of consumer 
necessitate the calculation of system reliability. 

Table 1. Technical and economical characteristics of 

the hybrid systems’ components. 

Wind Turbine 

Nominal wind turbine power (Pr) 1.5kW 

Cut-in wind speed (Vci) 3m/s 

Cut-out wind speed (Vco) 25m/s 

Nominal wind speed (Vr)  8m/s 

Wind turbine cost (CWT) $4500 

Replacement wind turbine cost $4000 

Operation and maintenance cost (O&M) 50$/year 

Mechanical efficiency of wind turbine 
(ηWT) 

85% 

Wind turbine lifetime  25 years 

Photovoltaic 

Nominal PV power (PPV) 200W 

PV panel cost (CPV) $366 

Replacement PV panel cost $350 

Annual maintenance cost of PV  4 $/year 

PV efficiency (ηPV) 20% 

PV lifetime 25 years 

Battery 

Battery cost (CBa)  $520 

Replacement cost of Battery $450 

Nominal capacity of Battery 1.2kWh 

Battery lifetime 10 years 

Operation and maintenance cost (CO&M) 5$/year 

Converter 

Nominal Converter Power (PConv) 1kW 

Converter cost (CConv)  $950 

Replacement cost of Converter $850 

Operation and maintenance cost (CO&M) 10$/year 

Converter lifetime 15 years 

Converter efficiency(ηConv) 90% 

 
The uncertainty in energy production from the wind 

and solar resources during the day will decrease the 
reliability of the system. Therefore, it is necessary to 
add an energy storage facility to the above combination 
of resources to maintain the reliability of the entire 
system at the desired level, and also to recover the high 
investment cost of using wind turbines and solar panels 
significantly.  In this article, to evaluate the level of 
system reliability the LPSP index is employed. A 
reliable power system is a system that has a little loss 
of power supply probability. The shortage of power 
supply for the day t, can be calculated via (6) [19]: 

(t) ( ( 1) ( ))load p min invLPS P t P t SOC t SOC         (6) 

Where Pp is the generated power by the hybrid 
system, Pload declares the load consumption and Δt 
defines the considered time intervals. Accordingly, 
LPSP for a period of time T respect to the value of 
LPS(t) can be expressed as in (7). In this equation, T is 
the operating time of the system. 

1 1

(t) ( )
T T

load

t t

LPSP LPS P t t
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    (7) 
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4.  HOMER SOFTWARE 
The HOMER software is made and developed by 

the US national renewable energy laboratory (NREL). 
The HOMER software is used for technical and 
economic simulation and evaluation of the hybrid 
systems. This software enables users to compare 
different design choices based on their technical and 
economic aspects. It also provides the possibility of 
applying the changes and uncertainties in the inputs. 
This software can model the operation of a specific 
configuration of energy system for each hour of years 
by determining the possible methods of supplying the 
demand and evaluating the life cycle cost. In 
optimization process, the software searches for all 
different arrangements of electric power supply by 
considering corresponded limitations in order to 
achieve the most economical mode of life cycle cost. 

In the HOMER software, for modeling a hybrid 
system consisted of photovoltaic cells and wind 
turbines, the data of solar radiation and wind speed of 
the region are inserted into the software. The HOMER 
software calculates the amount of energy from 
renewable sources, according to the hourly steps. The 
HOMER software uses the net present cost (NPC) 
according to (8) for the life-cycle cost. The NPC 
includes the cost of the initial investment, replacement 
cost, maintenance, fuel, the purchase of electricity from 
the main grid, penalties resulted from the air pollution, 
and the sale of electricity to the grid. In the calculation 
of the NPC, costs are considered positive and incomes 
are assumed to be negative.  

( , )

tot

p

C
NPC

CRF i T
  (8) 

Where Ctot represents the total annual cost, Tp is the 
lifetime of the project; CRF (i,Tp) indicates on the 
capital recovery factor of investment which can be 
obtained through (9). In this equation, i shows the real 
interest rate, and N is the number of years. 
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In this article, in the optimization of the studied 

hybrid system, not only the NPC index is considered, 

but also the reliability index of LPSP is taken into 

account. The solution with the lowest NPC and the 

lowest LPSP will be selected as the optimal choice [20-

22]. Figure 2 depicts the flowchart of hybrid system 

optimization procedure in HOMER software. 

 

5.  SIMULATION RESULTS OF PROPOSED 

HYBRID SYSTEM 

To study the structure of the proposed hybrid 

system by HOMER software, the data of wind speed, 

solar radiation and the load profile of an off-grid load 

in the Kurdeh village in the central district of Larestan 

city is modeled and implemented in the software.   

Load Resources Components Optimization

HOMER 

Simulation

Cost of Energy 

Savings

Optimal System 

Category

Net Present 

Cost

Excess Energy 

Fraction (%)

Total Capital 

Cost

Renewable 

Fraction (%)

Fuel 

Consumption

Output

Input

 

Fig. 2.  The hybrid system optimization procedure in 

HOMER software [23]. 

Kurdeh village is a district of Larestan city, located 
in Fars province, in longitude of 54 degrees 20 min and 
latitude of 27 degrees 40 min at an altitude of 806 
meters above the sea level. The data of wind speed and 
solar radiation are provided in average hourly records 
from 1st January to 31th December 2015 by the 
meteorological agency and can be seen in Figures 3 and 
4. It should be noted that wind speed is measured at the 
height of 40 meters. The power dispatch and the 
studied load consumption are also measured hourly at 
the same time in 2015 and are shown in figure 5.  

Technical and economic analysis of hybrid systems 
by HOMER software needs modeling the project by 
inputting the detailed information of each component 
of the project including photovoltaic cells, wind 
turbines, batteries, converters, as well as parameters 
such as longitude and latitude of the site, the useful life 
of the project, the average annual interest rate, the rate 
of solar radiation and wind speed, environmental 
pollutant emissions, the amount of load consumption 
etc. Then the most optimal design of the hybrid system 
will be proposed. In the simulation process, the 
HOMER software simulates all possible states, and 
then sorts them according to the NPC and finally 
introduces a feasible configuration with the lowest 
NPC as the optimum arrangement. In this article, the 
optimal economic structures of the hybrid system are 
shown in Table 2 in different reliability ranges (LPSP = 
0.01~0.05) while the costs corresponding to hybrid 
energy system is calculated based on consideration of 
lifetime of 25 years and annual interest of 10%. During 
the lifespan of the project, solar panels and wind 
turbine will be usable (available) and do not need to be 
replaced. 

In order to better understand the results of 

simulation for each of the hybrid system components, 

the simulation is carried out with the minimum and 

maximum daily electric load of 20~30 kWh/d and the 

different reliabilities of LPSP=0.01~0.05 which are 

displayed in the figures 6 to 9. 
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Fig. 3.  Annual wind blowing curve at the studied site. 

 

Fig. 4.  Annual solar radiation curve at the studied site. 

 

Fig. 5.  Annual consumption load curve. 

 

Fig. 6.  Solar panel sensitivity analysis curve. 

 

Fig. 7.  Wind turbine sensitivity analysis curve. 

 

Fig. 8.  Battery sensitivity analysis curve. 

 

Fig. 9.  Converter sensitivity analysis curve. 

As it can be seen in Figures 6 to 9, by increasing the 

amount of LPSP, the number and the size of equipment 

of hybrid system become lower, which reduces the net 

present cost (NPC) of the system. Since in this system, 

the reliability index (LPSP) in the range of 0.01~0.05 is 

allowed, hence, in order to achieve the most economic 

combination the LPSP value is considered to be 0.05. 

In this case, in the condition of the average electrical 

load of the system (26 kWh/d), the most optimal energy 

system by proposed method consists of 2kW 

photovoltaic cells, 2 wind turbines with the capacity of 

1.5kW, a 2kW electric converter and 15 batteries. 

According to the performed simulation, the wind 

turbine generates 19509 kWh/yr, within a year that 

accounts for 83% of the generation of the hybrid 

system. The photovoltaic panels also will generate 

4005 kWh/yr, within a year which shows the 

contribution of 17% in the hybrid system generation. 

 

6.  CONCLUSION 

The aim of this study is to provide a new method 

for finding an optimal combination of a hybrid system 

including renewable energies. Regard to the need of 

reducing investment costs in designing hybrid systems 

and having better competitiveness with similar fossil-

based hybrid systems, the existence of a powerful tool 

for determining proper configuration is necessary. 

Therefore, in this article, for optimum design and 

simulation of the hybrid system, the HOMER software 

is used. In optimization process, not only the costs are 

reduced, but also some aspects of reliability 

(LPSP=0.01~0.05) are taken into consideration. The 

results show that in LPSP=0.05, the number and the 

size of hybrid system equipment are less than other 

possible scenarios, which reduce the net present cost 

(NPC) of the system. Therefore, the optimum 
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configuration of the hybrid system according to 

proposed method consists of 2kW photovoltaic cells, 2 

wind turbines with the capacity of 1.5kW, a 2kW 

electric converter and 15 batteries. In this combination 

of resources, the share of 83% of the generation is 

provided by the wind turbines and the rest of required 

generation (17%) are satisfied by photovoltaic panels. 

 

Table 2. The optimized configuration results by HOMER software in different reliabilities. 

Optimization Parameters 
LPSP & Load=26kWh/d 

0.01 0.02 0.03 0.04 0.05 

Photovoltaic (kW) 5 5 4 3 2 

Number of Wind Turbine 1 1 1 1 2 

Number of Battery 25 20 20 20 15 

Converter (kW) 2 2 2 2 2 

Total Capital Cost ($) 28550 25950 24120 22290 22360 

Total Net Present Cost (NPC) ($) 37073 33470 31318 29125 28142 

Total O&M Cost ($/yr) 295 270 250 230 235 

Operating Cost ($/yr) 939 828 793 753 637 

Cost of Energy (COE) ($/kWh) 0.432 0.394 0.37 0.347 0.338 

PV Production (kWh/yr) 10013 10013 8011 6008 4005 

Wind Production (kWh/yr) 9754 9754 9754 9754 19509 
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