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Abstract— This paper investigates the influence of energy efficiency in the process of sizing and optimization of 
operation of off-grid hybrid wind-diesel system for electric power supply to a remote island of 90 households in the 
south of Thailand. System sizing is optimized using HOMER model. The techno-economic analysis is used to investigate 
the hybrid wind-diesel power plant to serve the loads of the village. This study found that the use of efficient lamp and 
efficient electric appliances, which consume less electrical energy, reduces the time of operation of the diesel generator 
by about 15-20% in comparison with using only diesel generator. Furthermore, the results show that greenhouse gas 
emissions can be avoided by the proposed hybrid power plant. 
 
Keywords— Off-grid electrification , Hybrid wind-diesel system, Optimization, Remote island, Techno-economic analysis. 
 

1.     INTRODUCTION 

During the past 15 years (1993-2009), electricity 
consumption in Thailand increased significantly from 
63,279 GWh to 146,182 GWh and peak demand 
increased from 9,839 MW to 22,315 MW [1-2].  As of 
April 2009, peak demand of electric power system was 
recorded at 22,315 MW which was 78.4 MW or 0.35% 
higher than the record of 2008 and peak consumption of 
electricity was 146,182 GWh with 74.8 percent of load 
factor. As of December 2009, the total national capacity 
was 29,212 MW comprising 14,328 MW (49.0%) of 
EGAT’s power plant, 14,243 MW (48.8%) of domestic 
private power producers (IPPs and SPP) and 640 MW 
(2.2%) of neighboring power purchase [1].  Energy 
Policy and Planning Office (EPPO) reported that total 
energy consumption in 2010 can be categorized by 
economic sectors: residential; 33,213 GWh (22.34%), 
commercial; 35,980 GWh (24.19%), industrial; 65,956 
GWh (44.36%), agricultural sectors; 335 GWh (0.22%), 
and others 13,222 GWh (8.89%). The power forecasted 
in PDP 2010 for peak load demand in 2030 is 
approximately 52,890 MW or 2.37 times higher than that 
of 2009 (22,315 MW). The growth rate of the forecasted 
peak demand during 2010-2030 is 4.19 percent per year 
compared with 2.44 percent per year during 2005-2009. 
The forecasted energy demand in 2030 is about 347,947 
GWh or 2.38 times higher than that of 2009 (146,182 
GWh). An average growth rate of forecasted energy 
demand during 2010-2030 is 4.22% per year compared 
with 2.83% per year during 2005-2009. Thus, the long 
term load factor is between 74% and 75%. The Ministry 
of Energy has come up with a policy to develop the 
renewable energy (RE) and released the Alternative 
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Energy Development Plan (AEDP) for a fifteen years 
period (2008-2022). The objective of AEDP is to 
increase the portfolio of renewable energy to 20.3% of 
the final energy consumption in 2022.  At the end of the 
plan, the portion of renewable energy in power 
generation will be 2.4% or 5,608 MW. The electricity 
accessibility level in island areas in Thailand is very low 
due to long distance from the grid, and high cost of grid 
extension to the areas, compared with 98% accessibility 
rate in the urban area. In island areas, electricity is 
supplied by using diesel generators. Though diesel 
systems have their distinct advantages of electricity 
generation, but their operational and maintenance costs 
are high, especially at low loads, and storage & 
transportation of fuel to the remote island is also 
difficult. There is also a problem of oil leakage into the 
neighboring areas. In Thailand, application of renewable 
energy technologies (RETs) for rural and island areas, is 
increasing in recent years, but not very widespread. 
Therefore, the concept of wind-diesel hybrid electricity 
system is a reliable alternative energy source because it 
uses wind energy combined with diesel energy to create 
a stand-alone energy source to provide electricity in 
remote islands. 

2. WIND-DIESEL OFF-GRID HYBRID MODEL 

2.1 Wind energy as a source of renewable energy 

In Thailand, the wind speed in island has high potential 
to produce electricity with an average speed of 5 m/s or 
more, depending on seasons and times of day.              
The probability density of the Weibull distribution 
(Patel, 2006) is commonly used for calculation of 
average available power in wind turbine per unit area. 
The Weibull distribution function (Weibull, 1957) is a 
two parameter function, which is written as: 
 

1( ) ( )( ) exp[ ( ) ]k kk v v
f v

c c k
−= −  (1) 

 
where k is the shape parameter, describing the dispersion 
of data, and c is the scale parameter, with the unit of 
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speed (m/s). The two parameters c and k are related to 
the average wind speed by the following relation: 

1
( 1)v c
k

= Γ +  (2) 

 
whereΓ is the gamma function. To fit a Weibull 
distribution to measured wind data, HOMER model uses 
the maximum likelihood method. The predicted and 
actual wind speeds are also investigated. 

The wind energy (E) that can be extracted by a wind 
turbine is defined by the following equation: 

 

0

( ) ( ) ( )E T P U f v d U
∞

= ⋅ ⋅∫   (3) 

 
where ( )f v  is the probability density function of wind 

speed, P(U) is the power curve of the turbine, and T is 
time period. 

Using the equation (1) substitutes in equation (3), we 
can obtain the wind energy in terms as of Weibull 
distribution. 
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The capacity factor (Cf ) is one element that enables to 

measure the productivity of a wind turbine. It compares 
the plant’s actual production over a given period of time 
to the amount of power that the plant would have 
produced if it had run at full capacity of the same amount 
of time. It can be calculated by the following equation, 
and expressed in %. 
 

 Wind energy produced (Wh/year)
(%)

Max wind energy produced (Wh/year)fC =    (5) 

 
2.2 Diesel electricity generation  in Thailand 

The consumption of diesel to produce electricity in 
Thailand is only a small portion, and decreased 
significantly. For example, the annual consumption rate 
decreased from 177 GWh in 2005 to 45 GWh in 2009 or 
with the average of -12.6% annually. However, in remote 
areas or island or the areas that are off-grid connection, 
the diesel fuel-based for electricity production is the 
most alternative way to supply the most needed demand. 

2.3 The hybrid configurations in Thailand 

The most hybrid electricity configuration in Thailand for 
decentralized generation (DG) or off-grid electricity is 
diesel-PV hybrid system. The most successful case of 
diesel-PV hybrid system in remote island is installed in 
Kojig island located in Chantaburi province on the 
eastern coast of Thailand. This project was installed in 
2004 through the cooperation of King Mongkut’s 
University of Technology Thonburi, Kasetsart University 
and Mahidol University. Another alternative hybrid 
electricity configuration is diesel-wind turbine. With the 
limitation of wind potential in Thailand, the diesel-wind 

turbine is also a site specific. The most wind potential 
areas are in seashore coastlines or in islands. As the 
selected site for this study has a high wind potential. It is 
located 45 km from the main land in the gulf of 
Thailand. 

3. METHODOLOGY 

3.1 Optimization model 

Hybrid systems consist of several renewable energy 
production structures and storage units. One has to 
consider lots of probability calculations while planning 
the proper hybrid system in order to respond to the 
energy demand. Hybrid Energy Performance Equations 
and the associated Energy Performance Curves are 
derived and introduced, respectively, which provide a 
visualization model, simplifying hybrid system analysis. 
The cost effectiveness of the present diesel system and 
the wind/diesel electricity for the remote island in the 
South of Thailand is evaluated employing the HOMER 
model, developed by the National Renewable Energy 
Laboratory (NREL), USA. HOMER is a powerful 
simulation tool, considering sustainability factors such as 
system efficiency, weather, fuel costs, O&M costs. 
Subsequently, simple novel HOMER software is a user 
friendly micro-power design tool that simulates and 
optimizes stand -alone and grid connected power 
systems. Recently, it has been used widely in the field of 
hybrid systems. It can be used with any combination of 
wind turbines, PV arrays, run-of-river hydro power, 
biomass power, internal combustion engine generators, 
micro-turbines, batteries, and hydrogen storage, serving 
both electric and thermal loads. HOMER expresses the 
economics of controllable energy sources with two 
values: fixed cost and energy cost per kWh. These costs 
represent the cost for generating energy at any time for a 
power source. HOMER searches for combination of 
sources meeting the load and then finds the system that 
achieves the goal with minimum costs.  The advantage of 
the HOMER is that it can involve also all costs such as 
the initial capital and the maintenance costs including 
pollution penalties. The simulation considers one-year 
time period using minimum time-step of 1 minute. It 
performs a sensitivity analysis which can help the analyst 
to investigate the effects of uncertainty or changes in 
input variables. The Objective of the optimization 
simulation is to evaluate the economic and technical 
feasibility for a large number of technological options, 
while considering variations in technology costs and 
energy resources availability.  Results obtained in this 
study show that combined power scheme is more 
sustainable in terms of electricity supply to the remote 
islands and in terms of avoided greenhouse gas 
emissions when compared to stand-alone diesel system.  

3.2 Literatures review 

Many literatures reported to determine the optimum 
hybrid energy system for small loads (ranging from few 
watts to few kilowatts) in a given location [3–6]. These  
studies showed that the renewable energy-based off-grid 
hybrid generation systems can compete with power from 
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the gird in remote locations, where the grid is neither 
feasible nor nonexistent. 

The hybrid systems such as wind/diesel are now 
proven technologies and options to supply small 
electrical loads at remote locations as reported by 
Lundsager and Bindner [7] and Zhang Hongyi et al. [8]. 
In developing countries, interest in medium to large-
scale wind-diesel hybrid power system for rural 
electrification has grown enormously. 

With growing global awareness of the need for clean 
sources of energy, wind energy in particular, many 
researches on scientific study are being carried out in 
Saudi Arabia. Rehman et al. [9] conducted a study to 
perform an economical feasibility assessment of an 
existing grid-connected diesel power plant supplying 
energy to a remote village by adding wind turbines in the 
existing power system in order to reduce the diesel 
consumption and environmental pollution, using the 
HOMER model. They found that the wind-diesel hybrid 
system becomes feasible at wind speeds above 6.0 m/s 
and a fuel price of 0.1$/L or higher. 

3.3 Optimal wind turbine size selection 

The optimal wind turbine size selection is based on 
results that are listed of best system configuration first, to 
worst system configuration last. The most important 
parameters to consider are the Cost of Energy (COE) and 
the Net Present Cost (NPC). So, the hybrid systems of 
wind turbines and diesel are based on wind potentials or 
wind velocities and diesel prices. The system includes 
battery banks for energy storages and inverters for 
converting DC to AC electricity. The least cost of COE 
and NPC of the system is the optimal solution. For 
example, when the wind velocities and diesel prices are 
both high, the selected wind turbine optimal size is also 
high in terms of renewable energy (wind) penetrations. 
In contrast, when the wind potential and diesel prices are 
both low, costs of wind turbine system are high. In this 
case, it means that it could not be competitive with only 
diesel systems, the wind turbine optimal size selected is 
also low in terms of renewable energy (wind) 
penetrations, or the only diesel system is the optimal 
case. Therefore, the variation of input values is needed 
for both annual average wind speeds and diesel prices to 
perform sensitivity analysis on these variables. HOMER 
software allows the users to explore variations in average 
annual wind speed and diesel prices affecting the optimal 
design of the system. 

3.4 Wind data collection and power demand 

The wind data and electrical power demand was 
collected by Provincial Electricity Authority (PEA). The 
system is consisted of the tiled-up tower with 40 meters 
in height, instrument, sensors, and accessories. During 
January-December 2009, wind data and electricity 
demands were collected. Performances of wind power 
are obtained, processed and analyzed using HOMER 
optimization model. 
 

4 PLANT DESCRIPTIONS 

Ko Tao is used as a model for study of wind-diesel off-
grid hybrid electrification for remote island. It is a small 
famous tropical island, destination for tourism. It is 
located on southeast coast of Thailand (latitude 10.06 N°, 
longitude 99.83°E), about 45 km from Chumphon 
Province. The 33 kV electric system is supplied by 6 
small diesel generators with a capacity of approximately 
3,000 kW operated by PEA. The system peak load 
demand consumed by 920 habitants, is nearly 3,000 kW 
as of April 2009. It can be seen that the system is needed 
to extend more power generators in the future to meet the 
increased demand. The wind-diesel is a good option to 
consider with much potential of wind and in terms of 
environmental concerns. The map of island is shown in 
Fig.1. The island is fully mountain area and tropical 
forest. There is no electrification in the areas since it is 
difficult to extend the diesel-based PEA small grid and 
being of diesel generation limit. 
 

 

Fig. 1 Map of Ko Tao, 45 km from the coast of Thailand. 

5 WIND-DIESEL HYBRID OPTIMIZATION 

5.1 The electricity load demand by the islander 

The monthly mean wind speed of this island is shown in 
Fig.2. The annual peak load is approximately 3,000 kW 
observed in April. The higher demand exists from March 
to July due to high season for tourism while relatively 
lower in September to November due to low season for 
tourism. 

The energy consumption mostly depends on diesel 
generation. The increased demand is due to its famous 
destination for tourism and its population growth. 

5.2 Wind speed data  

The wind data were collected at the height of 40 meters 
above the ground level. The 250 kW wind turbine rotor 
are placed at the hub height at 50 meters by using 1/7 
power law. At 50 meter height the average wind speed 
became 5.48 m/s as shown in Fig. 3. 
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Fig.2  Variation of mean wind speed during January-December 2009. 

 

 

Fig.3  Hourly mean wind speed distribution. 

 
Table 1. Diesel generator information 

Parameters Value/ information 

Rated power 500 kW 

Minimum allowable power 74 kW 

Full load fuel consumption 140  L/hr 

Power factor 0.82 

Voltage  400 V 

Rated current 902 A 

Frequency  50 Hz 

Rotating speed              1500 rpm 

Battery (voltage)               24 V 
 

Table 2. Diesel generator data 

 Rating 
    kW 

Capital cost 
     (US$) 

Replacement 
    (US$) 

O&M cost 
 (US$/hr) 

    500      80,355       53,570        0.301 
 

 

Table 3. Fuel cost and technical data 

Parameter              Value  

Cost              0.75  US$/L 

Lower heating value  45.62 MJ/kg 

Density 0.831 kg/L 

Carbon content 80% 

 

5.3 System components 

The main components of an isolated grid-connected wind-
diesel hybrid system are 3 diesel generators and a 250 kW 
wind turbine. The diesel system consists of generator 1 
with capacity of 1,500 kW, generator 2 with capacity of 
1,000 kW, and generator 3 with capacity of 500 kW. The 
cost of each component, the economical and control 
parameters required by the HOMER software are 
discussed in the forthcoming paragraphs. The overall 
system includes converter and battery as shown in Fig. 4 
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Fig. 4 Wind-diesel energy system for an isolated grid. 
 

Table 4.  Wind turbine technical data 

Parameter Value/ information 

Rated power 250 kW 

Cut in speed 3.5 m/s 

Cut out speed 22.0 m/s 

Rotor diameter 28.5 m 

Hub height  50 m 

Voltage  400 V 

Rated current 410 A 

Frequency  50 Hz 

Rotating speed (High/Low)        39.8/26.5  rpm 

Wind turbine capital cost  ($)               250,000  

Replacement cost ($)               175,000 

 

Table 5.  Converter and battery cost  

      Cost  
 

  Capital     
      ($) 

Replacement 
       ($) 

    O&M     
    ($/yr) 

  Converter    
  Cost per kW      150       100        0.1 
  Battery          
  Cost per set       420        360        0.2 

 

5.3.1 Diesel generator 

The diesel power plant consists of 6 units of 500 kW 
rated capacity; three units for generator 1, two units for 
generator 2, and one unit for generator 3. The details of 
each unit in terms of both technical data and the cost data 
are shown in Tables 1 and 2, respectively. Table 3 shows 
the fuel cost and its technical data. 

The operation and maintenance cost of 0.301$/hr was 
used in the simulation. The fuel costs are obtained 
locally, including the transportation cost of 0.80 $/L, as 
given in Table 3. This table also includes technical 
information related to diesel fuel. 

 5.3.2 Wind turbine 

The other major component of the wind-diesel hybrid 
system after the diesel-generating set is the wind energy 
conversion system. 

The modern wind machines are very efficient and are 
found in big sizes. Today’s standard market size of the 
wind turbine is greater than 1.5 MW. The rotor diameter 

of these machines varies between 40 and 110 m or more. 
The modern wind turbine produces more energy due to 

high wind speeds at higher hub heights, since the energy 
yield from the wind energy conversion system depends 
on the availability of wind and its variation. In this case, 
WES30 of 250 kW from Wind Energy Solutions 
manufacturer is used. The technical and cost information 
of the wind machines is summarized in Table 4. The 
annualized operation and maintenance cost of $1,500 per 
wind turbine has been used for analysis. 

5.3.3 Converter and battery  

A battery bank consists of 24V H3000 batteries and 
inverters. The battery nominal capacity was 3000 Ah per 
set. It is noted that the converter functions as both an 
inverter (converting DC to AC) and converter (AC to 
DC).  The costs of converter and battery are shown in  

6 RESULTS AND DISCUSSION 

HOMER provides results in terms of optimal systems 
and sensitivity analysis. In the analysis, the optimized 
results are presented on a particular set of sensitivity 
parameters. The results are presented in the following 
paragraphs. 

6.1 Optimization results 

The optimization results for a wind speed of 5.5 m/s and 
a fuel price of 0.80 $/L are summarized in Fig.7. In this 
case, a diesel power system seems to be most 
economically feasible with the minimum total net present 
cost (NPC) of $35,619,588 and minimum energy cost 
(COE) of 0.288$/kWh, although the system represents a 
higher initial capital when compared to the system run by 
diesel only. Generally, at wind speed less than 4 m/s, the 
only diesel system was found to be most feasible solution 
with COE, less than 0.277 $/kWh corresponding with a 
diesel price of 0.7 $/L. 

As seen from Fig.8, about 55% of initial cost of wind-
diesel hybrid system was accounted for diesel power 
system, and 98.6% of the operation and maintenance cost 
and fuel cost were accounted for diesel system. The total 
annualized cost for wind equipment including converter 
and battery system are accounted for $80,187 (3% of the 
entire wind-diesel power plant cost), while for diesel 
power system is accounted for $ 2,706,218 (97% of the 
entire wind-diesel power plant cost). The energy yield 
from different components of the wind-diesel power 
plant cost is shown in Fig. 6 for the total energy 
requirement of the island. The wind machine produced 
313,428 kWh/yr (3% of the total energy served), while 
the diesel generators produced 9,482,455 kWh/yr. The 
system with battery back-up was almost no excess 
electricity with any capacity shortage, as shown in Fig. 7. 
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Fig. 5.  Optimization for wind speed of 5.5 m/s, diesel price of 0.8$/L and renewable energy fraction of 3% 
 
 

Fig. 6.  Cost analysis of wind-diesel hybrid power system of island electrification. 
 
 
 
 



 

B. Limmeechokchai and P. Peerapong / GMSARN International Journal 5 (2011) 105 - 112 

 
111

 

 
      

Fig. 7.  Monthly energy yield from wind-diesel hybrid electrification for the island electrification 
 
 

 

Fig. 8.  Optimized wind-diesel hybrid system for island electrification. 
 

 
Fig. 9.  GHG from diesel system 

 

 
Fig. 10.  GHG from wind-diesel hybrid system
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6.2 Sensitivity results 

The HOMER eliminates all feasible systems and presents 
the results in ascending order of NPC. In this present 
case, wind speeds (3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 
7.0, 7.5, 8.0 m/s), and diesel prices (0.7, 0.75, 0.80, 0.85, 
0.90, 0.95 and 1.0 $/L) were used as sensitivity variables. 
However, when the different interest rates are included, 
the cost of energy or electricity price slightly changes. 
For example, interest rate in this calculation is 7.5%, the 
cost of energy (COE) or electricity price is 0.288 $/kWh. 
The sensitivity studies showed that when interest rates 
are increased to 8.5% and 9.5% COEs are constantly 
increased to 0.293 $/kWh or increased by 1.73%. In 
contrast, when interest rates are decreased to 6.5% and 
5.5%. COEs are decreased to 0.273 $/kWh and 0.258 
$/kWh or decreased by 5.5 % and 5.8%, respectively. 

The optimization results are shown in terms of wind 
speed and diesel prices, as shown in Fig.5. This type of 
graphical representation of optimal system-type provides 
information that a particular system will be optimal at 
certain wind speed and a certain fuel cost. Furthermore, 
the wind speed and diesel cost are usually site-
dependent, so one can conclude that at a particular wind 
speed and fuel cost the system will be optimal for a 
particular place or location. 

The hybrid wind-diesel optimal system for this 
network shows that the cost of energy or electricity price 
is 0.288 $/kWh or 8.68 Baht/kWh in comparison with a 
retail price of 0.116 $/kWh or 3.50 Baht/kWh from the 
national grid. When the network operation is optimized, 
it shows that the cost of energy or electricity price in 
wind-diesel system can be decreased significantly 
compared to the energy production cost on diesel 
generator-based or decreased from 0.348 $/kWh to 0.288 
$/kWh or decreased with  0.06 $/kWh.  It can be saved 
587,753 $/year. 

6.3 Greenhouse gases (GHG) reduction 

The GHG pollutes the environment, which adversely 
affects the life of human beings. An indirect or hidden 
cost, which is not taken into consideration while using 
fossil fuels, is paid by the human beings. The diesel 
power system being used at this island emits 8,873,091 
kg of pollutants into the local atmosphere of the island 
every year. The wind-diesel hybrid system can reduce 
pollutants to 8,612,457 kg per year. It shows a reduction 
of 260,634 kg of pollutants per year. The concentrations 
of various constituents of pollutants like CO2, CO, 
nitrogen, etc. for diesel and hybrid system are 
summarized in Fig.9 and Fig.10, respectively. 

7 CONCLUSIONS 

The aim of this study is to perform an economical 
feasibility of an existing grid-connected diesel power 
plant supplying energy to a remotely located village by 
adding wind turbine in the existing power system in 
order to reduce the diesel consumption and 
environmental pollution, using the HOMER simulation 
model. It was found that in this study the wind-diesel 
hybrid system becomes optimized at wind speed above 

5.5 m/s and fuel price of 0.80 $/L or higher. In the case, 
wind turbine was accounted for only 3% of energy 
consumption. The feasibility expansion of wind-diesel 
hybrid to other remote island is studied for the near 
future. 
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