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Abstract - As renewable and sustainable energy, solar energy and wind energy have advantages in reducing the 

pollution sources. The paper presents a hybrid system which includes the solar cell and the wind generator. HOMER 

provides a platform to design and simulate the power system and then to choose the optimization results. This paper 

simulates with the HOMER and performs a pre-feasibility study of stand-alone hybrid energy systems for applications 

in a lab.
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1. Introduction

The world's energy structure has a major change from 

fossil energy system to renewable and sustainable energy 

system. And the renewable energy sources include solar 

energy and wind energy. Furthermore, as devices which 

supply new, clean and renewable energy, solar cell and wind 

generator are energy transformation technologies. Solar cell 

is a kind of device which using the interaction of sunlight 

and materials to generate electrical energy [1]. The principle 

of wind power is the use of wind driven windmill blade 

rotation, and then through the growth machine will improve 

the speed of rotation, to encourage power generators. The 

wind energy into electricity using wind energy is the most 

fundamental way [2]. The HOMER Micropower Optimization 

Model is a computer model developed by the U.S. National 

Renewable Energy Laboratory (NREL) to assist in the 

design of micropower systems and to facilitate the 

comparison of power generation technologies across a wide 

range of applications [3]-[7].

The object of the study is to optimize various energy 

sources in a lab which has some base loads occur throughout 

the day and night and some majority loads occur in day or in 

night. Based on the data of the loads demand and power 

supply, utilizing the HOMER, a simulation about supply 

demand relationship can be done and from the simulation 

results, the optimization results can be presented.

2. Hybrid System

Generally, a hybrid energy system consists of several 

energy sources and relative components. In this paper, 

the hybrid system includes solar cells, wind generator, 

convertor and generator. The type of the wind generator 

is SW AIRX(3). Table 1 shows the technical data of 

hybrid system components. Among these components, two 

generate electricity from intermittent renewable sources: 

solar cells and wind generator. Here, the rated power of 

the solar cells is 0.8 kW and the type of the wind 

generator is SW AIRX (3) whose rated power is 0.55 

[kW]. The cost of the solar cells is the most expensive 

and the lifetime of the solar cells is the longest.

Fig.1 shows the proposed scheme as implemented in the 

HOMER simulation tool. The generator is considered because 

the solar cells cannot supply power to the load at nights and 

the wind generator cannot work in windless day. So it improves 

the stability of the hybrid system. The convertor transforms the 

DC power which is generated by the solar cell and wind 

generator to AC power that can be utilized by the loads. 

2.1 Load

The lab loads consist of notebook, desktop, printer, 

fluorescent lamp, refrigerator and experimental apparatus. 

The total daily load averages 1.8 [kWh/day], with a peak 

load of 1.3 [kW]. Fig. 2 and Fig. 3 present the hourly load 

in the lab for weekday and weekend. The demand loads of 

weekday are more than the ones of the weekend. In 
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particular, the demand loads are increasing during the night 

in weekday because of the experiments. During the 

weekend, besides the base loads like the refrigerator and 

experimental desktop to measure and save the experimental 

data, there are some usages of the other loads occasionally. 

The peak load in weekend is 0.75 [kW]. The total demand 

power of the weekend is much less than the weekday’s.

Table 1 The technical data of hybrid system components.

Component Size Capital 
Cost [$]

Replace
ment
Cost [$]

O&M 
Cost [$] Lifetime

Solar cells 0.8kW 7000 200 0.00 25 
years

SW 
AIRX(3)

0.55kW 
DC 2500 200 0.00 15 

years

Converter 1kW 500 100 0.00 15 year

Generator 1kW 1000 200 0.00 15000 
hours

Fig. 1 HOMER implementation of the hybrid energy system.

Fig. 2 Hourly load profile for weekday

2.2 Renewable resources

2.2.1 Solar energy resource

From the New & Renewable Energy Resource Map 

Data Center, it got the Kwangju radiation monthly. Fig. 4 

illustrates the radiation and clearness index profile over a 

one-year period in Kwangju. During April to September, 

the solar radiations are more than other time of the year.

Fig. 3 Hourly load profile for weekend

Fig. 4 Solar Radiation profile for Kwangju [8].

2.2.2 Wind energy resource

From the New & Renewable Energy Resource Map 

Data Center, it got the Kwangju wind speed monthly. 

Fig. 5 illustrates the wind speed profile over a one-year 

period in Kwangju. During March, April and July, the 

wind speeds are more than other time of the year.

Fig. 5 Wind speed profile for Kwangju [8].

2.2.3 Generator

Solar energy and wind energy are extreme intermittent 

and inconstant energy sources, so the only usage of the 

solar energy and wind energy has poor effect to the 

stability and reliability of the power supply. Especially, 

the generator is the main power supply in the hybrid 

system at night or at windless time. In Fig. 6, capital 

cost and replacement cost of the generator are assumed 

to be 500 dollars and 100 dollars.

3. Results and Discussions

Three sensitivity variables (solar irradiation, wind speed 

and diesel price) are considered in this paper. Based on Fig. 

4, the average radiation is verified from 4.500 [kWh/m/d] to 

7.000 [kWh/m/d] and has 6 values. It shows in Fig. 7. Based 

on Fig. 5, the average speed wind is verified from 1.700 

[m/s] to 2.400 [m/s] and has 9 values. It shows in Fig. 8.

The important effect factor of the generator was the 

diesel price, in this paper, the diesel price is verified from 

0.400 [$/L] to 0.600 [$/L] and has 3 values. It shows in 

Fig. 9.

A total of 162 sensitivity cases (product of solar 

radiation (6), wind speed (9) and diesel price (3))were 

tested with each of the system configurations. The 

optimization results are presented in Fig.10. Here, the 

solar radiation is assumed as 5.63 [kWh/m/d] which is 
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Capital

 Replacement

Fig. 6 Diesel generator cost curves.

kWh/m 2/d

Fig. 7 The range of the solar radiation

Fig. 8 The range of the wind speed

Fig. 9 The range of the diesel price

the average value. The wind speed is assumed as 2.15 

[m/s] which is the average value. Because the diesel 

price is fluctuant, and the diesel price was 0.484 [$/L] in 

2009, 10, 30 [9], the diesel price is assumed as 0.500 

[$/L].

From the Fig. 10, it can get that the most cheap 

sensitivity case is the first group, the COE (Cost of 

Electricity) is 0.334 [$/kWh], only use a generator whose 

the rated power is 2 [kW]. But in this case, the pollutant 

is much more than the fourth case which include PV 

panel whose rated power is 0.8 kW, a wind generator 

whose rated power is 0.55 [kW], a diesel generator whose 

rated power is 2 [kW] and a convertor whose rated 

power is 1 [kW]. Though the COE of the fourth case is 

0.454 [$/kWh], it is more than other three cases, the 

fourth case has the most stability and reliability. In 

addition, the COE of the fourth case is not much more 

than the COE of the first case. Hence the fourth case is 

chosen as the best simulation results.

Fig. 10 The optimization results of the hybrid system.

Compared Fig. 4 and Fig. 5, during July, the synthetic 

effects of solar radiation and wind speed are better than 

others of the year. And during December, the synthetic 

effects of solar radiation and wind speed are worse than 

others of the year. Fig. 11 presents the hourly load and 

electrical production of the system for a weekday and a 

weekend of July. Fig. 11 (a) presents that during the 

weekday time, since the lab demand power is much, 

generator runs all day, and during the day time and the 

windy time, the solar cells and wind generator generate 

power to compensate the diesel generator. Fig. 11 (b) 

presents that during the weekend time, since the lab 

demand power only has the base loads, during the day 

time and the windy time, solar cells and wind generator 

can meet almost the entire loads in July.

(a) A weekday of July
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(b) A weekend of July

Fig. 11 Hourly load and electrical production of the 

system for a weekday and a weekend of July.

Fig. 12 presents the hourly load and electrical 

production of the system for a weekday and a weekend 

of December. Fig. 12 (a) presents that during the 

weekday time, since the lab demand power is much, 

generator runs all day, and during the day time and the 

windy time, the solar cells and wind generator generate 

power to compensate the diesel generator. Fig. 12 (b) 

(a) A weekday of December

(b) A weekend of December

Fig. 12 Hourly load and electrical production of the system 

for a weekday and a weekend of December. 

presents that during the weekend time, since the lab 

demand power only has the base loads, during the day 

time and the windy time, the ratio of the power supply 

which generated by the solar cells and wind generator is 

more than that of weekday. Even during the December, 

the solar radiation and wind speed are not ideal, solar 

cells and wind generator can also supply energy to the 

loads to compensate the diesel generator.

4. Conclusions

This paper performed a pre-feasibility study of 

stand-alone hybrid energy system for applications in a 

lab. The hybrid system includes solar cells and wind 

generator and diesel generator. Furthermore, a total of 

162 sensitivity cases (product of solar radiation (6), wind 

speed (9) and diesel price (3)) were tested with each of 

the system configurations. In this paper, the following 

results were obtained;

1. Among the optimization results, considering pollution 

emission and COE, the case is chosen as the best 

way which includes solar cells whose rated power is 

0.8 [kW], a wind generator whose rated power is 0.55 

[kW], a diesel generator whose rated power is 2 [kW] 

and a convertor whose rated power is 1 [kW] and the 

COE is 0.454 [$/kWh]. Four graphs show the hourly 

load and electrical production of the system for 

weekday and weekend of July and December to 

compare the different conditions under good solar 

radiation and wind speed as well as bad ones.

2. During the weekday time, since the lab demand 

power is much, generator runs all day, and during 

the day time and the windy time, the solar cells and 

wind generator generate power to compensate the 

diesel generator. During the weekend time, since the 

lab demand power only has the base loads, during 

the day time and the windy time of July, solar cells 

and wind generator can meet almost the entire 

loads. Even during the December, the solar radiation 

and wind speed are not ideal, solar cells and wind 

generator can also supply energy to the loads to 

compensate the diesel generator. Thereby, the 

utilizations of the hybrid system reduce the total 

emissions of the pollutants.
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