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OPTIMUM COST ANALYSIS OF HYBRID SYSTEM USING HOMER  
Nagma Bee, Siju George 

Abstract: Crisis of electrical power is a major problem of 

developing countries. Due to these crisis of electrical power 

,development of the country is interrupted. Since the demand 

of power is more than the generation so we have to develop 

some new system which is a substitute of conventional 

generation system. Hybrid system is very much useful in 

rural areas were the availability of electrical power is for few 

hours.  In this work proposed various inter connected hybrid 

system like PV and diesel system, PV and wind system, PV, 

wind and diesel generator system, and combination of wind 

and generator system. The comparison of these proposed 

systems is done on the basis of different economic indicators 

like internal rate of return, net present cost, payback period 

and cost of energy. Among of this proposed hybrid system 

combination of wind and generator system gives the total 

NPC, Initial Capital cost, operating cost and COE for such a 

hybrid system are 206439$(13831413Rs), 13000(871000)$, 

15132(1013844)$ and 0.442$/kWh(29.614Rs/KWh), 

respectively which is minimum value than other hybrid 

operation systems. 

Key words:  Homer, Solar, Wind, Diesel generator, Grid 

system and Hybrid system. 

I. Introduction 

 Energy consumption increases very rapidly day by 

day but the rate of power generation does not 

increases in the same ratio. So due to crisis of 

energy, development of the world cannot be 

possible. With the current energy consumption rate, 

proven coal reserves should last for about 200 

years, oil for approximately 40 years and natural 

gas for around 60 years. In the present energy 

sector, the conventional utility grid is overloaded 

and faces problems of high installation and 

operational costs, poor energy transmission 

efficiencies, and environmental pollutions.  Energy 

plays an important role in all types of development, 

including economic development the world. In this 

situation we can look for other resources which can 

use for generation of power. Renewable energy 

sources is one of the best solution of the problem.  

But we have to see that the installation cost of solar 

system is very high and hence power generated by 

solar power plant increase the cost per unit energy. 

Similarly the problem with wind energy system is 

its inconsistency of flow of wind. Hence we can 

adopt a system which is suitable for fulfilling the 

load demand and which is reliable. Hybrid energy 

system is a combination of different types of 

renewable energy conversion systems along with 

conventional  in order to fulfill the load demand 

with more reliability obtaining reliable and cost 

effective power solution for the worldwide 

expansion of telecommunication  areas presents a 

very challenging problem. Grids are either not 

available or their extension can be extremely costly 

in telecommunication area. Although initial costs 

are low, powering these sites with generators   

require significant maintenance, high fuel 

consumption.M Engin et. al[2]  developed a sizing 

procedure for hybrid system with the aid of 

mathematical models for photovoltaic cell, wind 

turbine, and battery that are readily present in the 

literature. This sizing procedure can simulate the 

annual performance of different kinds of 

photovoltaic wind hybrid power system structures 

for an identified set of renewable resources, which 

fulfills technical limitations with the lowest energy 

cost. Khelif et al [6] have undertaken a feasibility of 

a hybrid PV /Battery/Diesel power plant using real 

meteorological data equipment costs to show the 

possibility of modifying a standalone Diesel 

generator installation located in AFRA, south of 

Algeria, into a hybrid system. Kaabache et al.[7] 

have proposed an integrated PV /wind hybrid 

system model, which utilizes the iterative 

optimization technique following the Deficiency of 

Power Supply Probability (DPSP), the Relative 
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Excess Power Generated (REPG), the Total Net 

Present Cost (TNPC), the Total Annualized Cost 

(TAC) and Break-Even Distance Analysis (BEDA) 

for power reliability and system costs. The flow 

chart of the hybrid optimal sizing model is also 

illustrated with this merged model. Energy efficient 

renewable energy based Base System proposed by 

the authors of [4] for an isolated location, such as 

Saint Martin’s Island, has been proposed. The 

residential consumers use diesel, kerosene and 

wood for fulfilling their energy demand. Solar and 

Wind resources are the hybrid options for the 

Island. The economic feasibility of stand-alone 

hybrid power system consisting of Biomass, PV, 

Wind generators discussed by article [5], for 

electrical requirements of the remote locations. It 

emphasizes the use of renewable hybrid power 

system to obtain a reliable autonomous system with 

the optimization of the components size and the 

improvement of the capital cost. The batteries are 

used to store extra energy generated that can further 

be used for the backup. This investigation assessed 

the potential of using solar, wind and biomass 

renewable energy in hybrid off-grid system. The 

optimization is realized through the NREL HOMER 

package. A novel intelligent method [8] is applied 

to the problem of sizing in a hybrid power system 

such that the demand of residential area is met. This 

study is performed for Kahnouj area in south-east 

Iran. It is to mention that there are many similar 

regions around the world with this typical situation 

that can be expanded. The system consist of fuel 

cells, some wind units, some electrolysers, a 

reformer, an anaerobic reactor, and some hydrogen 

tanks. This article  is looking to solve the problem 

of demand of power and minimize the cost of power 

generation using a hybrid system with the help of 

HOMER software. This software has the ability to 

interconnect the different mode of generating plants 

and optimize the cost of energy in $/KWh.   

 

1.1 Proposed Hybrid Power System 

Hybrid system is a interconnected of different types 

of energy conversion systems in order to fulfill the 

load demand and reduce the overall cost of plant. 

Fig.1 show a block diagram of simple hybrid 

system incorporated with  solar, wind ,fuel and 

power conditioning and load.  

 
Fig. 1 Block diagram of Hybrid system. 

It has many advantages over the stand alone system 

such as it is reliable, economic and environmental 

friendly. In hybrid system wind power system and 

PV cells provide DC power. For the conversion of 

DC power obtained by solar and wind system a 

semiconductor-based device (power inverter) is 

used to convert the DC power in to AC power 

1.1.2 Overview of Homer 

HOMER simulation model for electric renewable 

software is a powerful tool for designing and 

analyzing hybrid power systems, which contain a 

mix of conventional generators, combined heat and 

power, wind turbines, solar photo voltaic, batteries, 

fuel cells, hydropower, biomass and other inputs. 

HOMER helps determine how variable resources 

such as wind and solar can be optimally integrated 

into hybrid systems. HOMER establishes the 

economic feasibility of a hybrid energy system 

optimizes the system design and allows users to 

really understand how hybrid renewable systems 

work. HOMER can serve utilities, telecoms, 

systems integrators, and many other types of project 
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developers- to mitigate the financial risk of their 

hybrid power projects. 

1.1.3. Procedure to use HOMER? 

To use HOMER, give the model with inputs, which 

illustrate technology selection, element expenses, 

and resource availability. HOMER uses these inputs 

to simulate different system configurations, or 

combinations of components, and generates results 

that you can view as a list of feasible configurations 

sorted by net present cost. HOMER also displays 

simulation results in a wide variety of tables and 

graphs that help you compare configurations and 

evaluate them on their economic and technical 

merits. You can export the tables and graphs for use 

in reports and presentations. When  we want to 

explore the effect that changes in factors such as 

resource availability and economic conditions might 

have on the cost-effectiveness of different system 

configurations, you can use the model to perform 

sensitivity analyses. To perform a sensitivity 

analysis, you provide HOMER with sensitivity 

values that describe a range of resource availability 

and component costs. HOMER simulates each 

system configuration over the range of values. You 

can use the results of a sensitivity analysis to 

identify the factors that have the greatest impact on 

the design and operation of a power system. You 

can also use HOMER sensitivity analysis results to 

answer general questions about technology options 

to inform planning and policy decisions. 

1.1.4. Working of HOMER 

1.1.4.1 Simulation 

HOMER simulates the operation of a system by 

making energy balance calculations in each time 

step of the year. For each time step, HOMER 

compares the electric and thermal demand in that 

time step to the energy that the system can supply in 

that time step, and calculates the flows of energy to 

and from each component of the system. For 

systems that include batteries or fuel-powered 

generators, HOMER also decides in each time step 

how to operate the generators and whether to charge 

or discharge the batteries.HOMER performs these 

energy balance calculations for each system 

configuration that you want to consider. It then 

determines whether a configuration is feasible, i.e., 

whether it can meet the electric demand under the 

conditions that you specify, and estimates the cost 

of installing and operating the system over the 

lifetime of the project. The system cost calculations 

account for costs such as capital, replacement, 

operation and maintenance, fuel, and interest. 

1.1.4.2. OPTIMIZATION 

After simulating all of the possible system 

configurations, HOMER displays a list of 

configurations, sorted by net present cost 

(sometimes called lifecycle cost), that you can use 

to compare system design options. 

1.1.4.3 SENSITIVITY ANALYSIS 

When you define sensitivity variables as inputs, 

HOMER repeats the optimization process for each 

sensitivity variable that you specify. For example, if 

you define wind speed as a sensitivity variable, 

HOMER will simulate system configurations for 

the range of wind speeds that you specify. 

II. Algorithm of HOMER for hybrid 

system 

Step1: Formulation of the problem that HOMER 

can help answer  

Step2: Creating a new HOMER file according to 

formulation of problem  

Step3: Build the schematic (Connect the different 

energy sources)  

Step4: Enter the detail of load demands  

Step5: Enter component details (Detail of sources) 

Step 6: Enter resource details (Input deatail) 
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Step7: Check inputs and correct errors  

Step 8: Examine optimization results  

Step9: Refine the system design  

Step 10: Add sensitivity variables  

Step11: Examine sensitivity analysis results  

III. Description of the Area Considered 

for Electrification and Meterological 

Data 

The hybrid system can be installed in such area 

where the resource of renewable energy available in 

huge amount. In this work we considered a case of 

telephone exchange office of Reliance, situated near 

the aero-drome   at Bhopal MP. For this hybrid 

system, the meteorological data of Solar Radiation, 

monthly wind speed are taken for (latitude and 

longitude of the site is 21.238⁰N & 78.2⁰E 

respectively). The demand of this exchange office is 

approximate 256 kW (peak value) and average load 

of 989 KWh/day.  Daily solar radiation data were 

imported into HOMER to calculate daily radiation 

and monthly average values of clearness index. The 

average clearness index is 0.543 and average daily 

radiation is 5.058 KWh/m2/day. Figure 2 shows the 

variation of solar radiation. 

 

Fig.2 Solar radiation/Day 

Speed of wind varies with season. We get average 

wind speed for the site selected in this study  is 

3.627 m/s. Figure. 3 shows the monthly wind speed 

variation. 

 

Fig.3 Variation of wind speed monthly 

The proposed hybrid system is designed in such a 

way that it is capable to fulfill the load demand in 

economic way to the telephone exchange.  The 

demand profile of the telephone exchange office 

shown in figure 4, average and voltage deviation of 

monthly load requirements. Figure 5 shows yearly 

load changes profile. 

 

Fig.4 Daily load profile  

 

Fig.4 Yearly load profile  

4. Simulation Model of HOMER for Hybrid 

System and its Analysis 

Various hybrid systems like PV and diesel, PV and 

wind, PV, wind and diesel generator system, and 

combination of wind and generator system. All 

simulink models have been developed using 

HOMER software version 2.81 and the optimization 

results are obtained for the proposed case studies. 
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3.1 Test Case 1: PV and Generator Connected 

System 

Simulation homer model of PV and generator 

connected system shown in figure 5. Results of this 

simulation model shown in figure 6. 

 

 
Fig. 5. Simulation model of PV and generator system. 

 
Fig.6.Optimum Simulation Results of PV and generator 

system. 

The total NPC, Initial Capital cost and COE for 

such a hybrid system are (Rs22247886)$332058, 

(Rs26331000)$ 293000 and 0.712$/kWh 

(47.704Rs/kWh), respectively. 

3.2 Test Case 2: PV and wind Connected System 

Simulation homer model of PV and wind 

Connected System shown in figure 7. Results of this 

simulation model shown in figure 8. 

 
Fig. 7. Simulation model of PV and wind system. 

Details of this configuration are shown in Table 1. 

The total NPC, Initial Capital cost, operating cost 

and COE for such a hybrid system are 

406330$(Rs27224110), 360500$(Rs24153500), 

3585$(Rs240195) and 0.8$/kWh (53.6 Rs/kWh), 

respectively. 

 

 

 

Table 1. Economic and technical specification for the components of the 

proposed hybrid energy system.  

Description                                                                                Data 

PV   

Capital cost  700000$/kW (46900000Rs/kW) 

Lifetime 20 years 

Operation and maintenance cost  123$/kW/year(8241Rs/Kw/Year) 

Replacement cost 600000$/kW (40200000Rs/Kw) 

Diesel generator   

Capital cost  5000$/kW (335000Rs/kW) 

Rated power Variable  (0–100 kW) 

Minimum allowed power (min load 

ratio) 50% of rated power 

Operation and maintenance cost .5 $ s/h/kW(Rs33.5/h/kW) 

Operating hours   15,000 h 
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Replacement cost  2000$/kW(134000Rs/kW) 

Batteries   

Type of batteries  Trogen LGP16 

Nominal voltage (V)  6 V 

Nominal capacity  360 Ah 

Nominal energy capacity of each 

battery 2.16 kWh 

Operation and maintenance cost   110 Rs/year 

Capital cost 9600$(643200Rs) 

Replacement cost  5000$(335000Rs) 

Converter   

Capital cost  900$  (Rs 60300) 

Operation and maintenance cost .5$/year/kW (33.5Rs/year/kW) 

Lifetime 15 years 

Replacement cost 900$  (Rs 60300) 

Efficiency 95% 

Wind turbine   

Capital cost 16500$ (1105500Rs) 

Lifetime 15 years 

Rated power 0.4 kW AC 

Operation and maintenance cost  

450$/kW/year 

(301500Rs/kW/year) 

Replacement cost 8700$ (582900Rs) 

Hub height  25 m 

 
Fig.8.Optimum Simulation Results of PV and wind system. 

3.3 Test Case 3: PV, Wind and Generator 

Connected System 

Simulation homer model of PV, wind and generator 

connected system shown in figure 9. Results of this 

simulation homer model shown in figure 10. 

 
Fig.9. Simulation model of PV and wind system. 

 

 
Fig.10. Optimum Simulation Results of PV, wind and 

generator system. 
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Details of this configuration are shown in Table 1. 

The total NPC, Initial Capital cost and COE for 

such a hybrid system are (Rs22247886)$332058, 

(Rs26331000)$ 293000 and 0.712$/kWh 

(47.704Rs/kWh), respectively. 

3.4 Test Case 4: Wind and Generator Connected 

System 

 
Fig.11. Simulation model of PV and wind system. 

 
Fig.12. Optimum simulation results of wind and generator 

system. 

Details of this configuration are shown in Table 1. 

The total NPC, Initial Capital cost, operating cost 

and COE for such a hybrid system are 

206439$(Rs13831413), 13000$(Rs871000), 

15132$(Rs 1013844) and 0.442$/kWh 

(29.614Rs/kWh), respectively. 

IV.  RESULT AND DISCUSSION 

After analyzing all the system models, Wind 

and generator connected system is found to be more 

economical with lowest cost of energy of 

0.442$/kWh (29.614Rs/kWh),  and 100% reliable 

for the selected site. At present the cost of energy 

for the grid connected system is 0.712$/kWh 

(47.704Rs/kWh), in India, which it is expected to 

increase with time.  

V. CONCLUSION 

 In this work HOMER software version 2.81 

has been successfully used to determine the optimal 

combination of solar, wind and diesel based hybrid 

system to fulfill the load requirement of the 

specified case.  The results obtained by wind and 

generator are better than other proposed hybrid 

system. Power is main issue for telecom base 

station, because grid extension is not feasible. This 

type of sites proposed renewable base hybrid 

system is most valuable solution. Alternate power 

solution are not commonly used in tower 

telecommunication system today but are actively 

evaluated for remote and isolated areas over 

worldwide. With the help of hybrid system 

proposed in this work the solar and wind hybrid 

energy system are most suitable power solutions for 

cell phone base station in Indian sites over 

conventional diesel generator. Although the net 

present cost is high but the running and 

maintenance cost are low as compared to the diesel 

generator power solution. 
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