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e e, Optimization of Off-grid Hybrid Wind-Diesel Electri fication
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$ 5 % in Thailand: A Case Study of Remote Island
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Abstract— This paper investigates the influence of energy efficiency in the process of siziing 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 analysi

Energy Development Plan (AEDP) for a fifteen years
1. INTRODUCTION period (2008-2022). The objective of AEDP is to
increase the portfolio of renewable energy to 20&%

During the past 15 years (1993-2009), electricity y,q fina| energy consumption in 2022. At the efithe
consumption in Thailand increased significantly niro plan, the portion of renewable energy in power

63,279 GWh to 146,182 GWh and peak demandgeneration will be 2.4% or 5,608 MW. The electsicit
mcrgased from 9,839 MW to 22’3],'5 MW [1-2]. As of accessibility level in island areas in Thailandiésy low
April 2009, peak demand of electric power systens wa 4 a to long distance from the grid, and high cdsgril
rgcorded at 22,315 MW which was 78.4 MW or 0.35% gyension to the areas, compared with 98% accéssibi
hlghe_r Fhan the record of 2008 z_;md peak consummlion o0 in the urban area. In island areas, elegtriigt
electricity was 146,182 GWh with 74. pe_rcent o_sido supplied by using diesel generators. Though diesel
factor. As of December 2009, the total natlonalac?g systems have their distinct advantages of elettrici
was 2,9'212 MW comprising 14,328 I\{I)W (49.0%) (.)f generation, but their operational and maintenarassc
EGAT's power plant, 14,243 MW (48.8%) of domestic 5. high especially at low loads, and storage &
private power produpers (IPPs and SPP) and 640 IV'Wtransportation of fuel to the remote island is also
(2.2%) of neighboring power purchase [1]. ENergy yigic\ it There is also a problem of oil leakaged the
Policy and Planning Office (EPPO) reported thatltot neighboring areas. In Thailand, application of vemisle

energy consumption in 2010 can be categorized byonergy technologies (RETS) for rural and islanchsys
economic sectors: residential; 33,213 GWh (22'34%)'increasing in recent years, but not very widespread

CommerCial; 35,980 GWh (2419%), industrial; 65,956 Therefore, the Concept of wind-diesel hybrld eiew
GWh (44.36%), agricultural sectors; 335 GWh (0.22%)
and others 13,222 GWh (8.89%). The power forecaste
in PDP 2010 for peak load demand in 2030 i
approximately 52,890 MW or 2.37 times higher thiaax t
of 2009 (22,315 MW). The growth rate of the foreéeds
peak demand during 2010-2030 is 4.19 percent per ye ) :
compared with 2.44 percent per year during 2009200 2. WIND-DIESEL OFF-GRID HYBRID MODEL
The forecasted energy demand in 2030 is about 327,9 2.1 Wind energy as a source of renewable energy
GWh or 2.38 times higher than that of 2009 (146,182 . : . . .
In Thailand, the wind speed in island has high pié

GWh). An average growth. rate 2f forecasted energy 0 produce electricity with an average speed of/§ on
demand during 2010-2030 is 4.22% per year compare(ﬁnore depending on seasons and times of day

. 0 ; i , .
with 2.83% per year during 2005-2009. Thus, the_g!on The probability density of the Weibull distribution
term load factor is between 74% and 75%. The Minist (Patel, 2006) is commonly used for calculation of
of Energy has come up with a policy to develop the average available power in wind turbine per unéaar

renewable energy (RE) and released the Alternativer, . \weinyil distribution function (Weibull, 19573 ia
two parameter function, which is written as:

ystem is a reliable alternative energy source ussc#
ses wind energy combined with diesel energy tatere
IS a stand-alone energy source to provide electribity
remote islands.
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speed (m/s). The two parameterandk are related to
the average wind speed by the following relation:

v= cr(% +1) (2)

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

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

E:TTP(U)D‘(V)W(U) 3)

wheref (V) is the probability density function of wind T

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

Using the equation (1) substitutes in equation (&),
can obtain the wind energy in terms as of Weibull
distribution.

E=T j (%)(HA)“ exp- G F PUYEL) @)

The capacity factorQ; ) is one element that enables to
measure the productivity of a wind turbine. It cargs
the plant’s actual production over a given peribdirne
to the amount of power that the plant would have
produced if it had run at full capacity of the saameount
of time. It can be calculated by the following efjoia,
and expressed in %.

Wind energy produced (Wh/year)
Max wind energy produced (Wh/ye:

Ci (%)= (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 consumptiate
decreased from 177 GWh in 2005 to 45 GWh in 2009 or,
with the average of -12.6% annually. However, imoge
areas or island or the areas that are off-grid ection,

the diesel fuel-based for electricity production tie
most alternative way to supply the most needed ddma

2.3 Thehybrid configurationsin Thailand

The most hybrid electricity configuration in Thaithfor
decentralized generation (DG) or off-grid electsicis
diesel-PV hybrid system. The most successful cdse o
diesel-PV hybrid system in remote island is instilin
Kojig island located in Chantaburi province on the
eastern coast of Thailand. This project was irestialh
2004 through the cooperation of King Mongkut's
University of Technology Thonburi, Kasetsart Unisigr
and Mabhidol University. Another alternative hybrid
electricity configuration is diesel-wind turbine.itW the
limitation of wind potential in Thailand, the di¢seind
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turbine is also a site specific. The most wind pté
areas are in seashore coastlines or in islandsthés
selected site for this study has a high wind padént 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 ptang

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 provale
visualization model, simplifying hybrid system aysisé.

he cost effectiveness of the present diesel systedn
the wind/diesel electricity for the remote island 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 factstsh 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 initié bf
hybrid systems. It can be used with any combinatibn
wind turbines, PV arrays, run-of-river hydro power,
biomass power, internal combustion engine genesator
micro-turbines, batteries, and hydrogen storagevirgp
both electric and thermal loads. HOMER expresses th
economics of controllable energy sources with two
values: fixed cost and energy cost per kWh. Thesgsc
represent the cost for generating energy at ang tona
power source. HOMER searches for combination of
sources meeting the load and then finds the sy#tain
achieves the goal with minimum costs. The advantdg
the HOMER is that it can involve also all costslsas

the initial capital and the maintenance costs idicig
pollution penalties. The simulation considers opary
time period using minimum time-step of 1 minute. It
performs a sensitivity analysis which can helpahalyst

to investigate the effects of uncertainty or change
input variables. The Objective of the optimization
simulation is to evaluate the economic and technica
feasibility for a large number of technological iops,
while considering variations in technology costsdan
energy resources availability. Results obtainedhis
study show that combined power scheme is more
sustainable in terms of electricity supply to tleenote
islands and in terms of avoided greenhouse gas
emissions when compared to stand-alone dieselrsyste

3.2 Literaturesreview

Many literatures reported to determine the optimum
hybrid energy system for small loads (ranging frimw
watts to few kilowatts) in a given location [3—@]hese
studies showed that the renewable energy-basegridff-
hybrid generation systems can compete with poveen fr
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the gird in remote locations, where the grid isthmesi 4 PLANT DESCRIPTIONS

feasible nor nonexistent. : . :
The hybrid systems such as wind/diesel are nowKO Tao is used as a model for study of wind-diexel

proven technologies and options to supply SmaIIgrid hybrid electrification for remote island. & & small
electrical loads at remote locations as reported byfamous tropical island, dest|nat|_on for tourism. '?t
Lundsager and Bindner [7] and Zhang Hongyi etajl. [ located on southeast coast of Thailand (latitudéa.8l°,
In developing countries, interest in medium to ¢arg Iong|_tude 99.83°E), about.45 km ffom Ch.umphon
scale wind-diesel hybrid power system for rural Provmc.e. The 33 kv eIeptnc system s suppheq ty
electrification has grown enormously. small diesel generators with a capacity of appraxaty
With growing global awareness of the need for cleang'eon(:gngvgor?spuer;aetgdb bgzgigbit:\ ?1?3 Si)s/S;eergrl pgagmcl)osd
sources of energy, wind energy in particular, Many as of April 2009. It ca¥1 be seen that t’hes ster):eéled
researches on scientific study are being carriediou P ’ : y
Saudi Arabia. Rehman et al. [9] conducted a sty t to extend more power generators in the future tetries
perform an economical feasibility assessment of anlncreased demand. The wind-diesel is a good option

existing grid-connected diesel power plant suppglyin con§|der Wlihl much poter11_tr|]al of wmfd_ almddm terr]rrfs 0
energy to a remote village by adding wind turbiimethe I(iljw{on_lt?]en.al c%nc_er?sl.l N matp. ot islan 'Sd St own
existing power System in order to reduce the diesel &30 The AN 19 Tbe TRTIEIN, e SR Toble
consumption and environmental pollution, using the difficullt o extend the diesel-based PEA small caiad
HOMER model. They found that the wind-diesel hybrid . . A oA
system becomes feasible at wind speeds above 6.0 mpemg of diesel generation fimit.

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 : oo
results that are listed of best system configurafiist, to : —
worst system configuration last. The most important
parameters to consider are the Cost of Energy (GDH)
the Net Present Cost (NPC). So, the hybrid systeins
wind turbines and diesel are based on wind potientia
wind velocities and diesel prices. The system idetu
battery banks for energy storages and inverters for
converting DC to AC electricity. The least cost@DE 1

and NPC of the system is the optimal solution. For ‘ PRTMENS
example, when the wind velocities and diesel pries R
both high, the selected wind turbine optimal sigalso S Rl
high in terms of renewable energy (wind) penetretio o —
In contrast, when the wind potential and diesetgwiare A T S

both low, costs of wind turbine system are hightHis R S

case, it means that it could not be competitivén \itly =5 sumarria

diesel systems, the wind turbine optimal size setbés Fig. 1 Map of Ko Tao, 45 km from the coast of Thailad.
also low in terms of renewable energy (wind)

penetrations, or the only diesel system is thenmgdti 5 \WIND-DIESEL HYBRID OPTIMIZATION
case. Therefore, the variation of input valueséasded o )

for both annual average wind speeds and dieseptir 21 Theelectricity load demand by the islander

perform sensitivity analysis on these variablesMER  The monthly mean wind speed of this island is shawn
software allows the users to explore variationaverage  Fig.2. The annual peak load is approximately 3,R00

annual wind speed and diesel prices affecting fiienal  observed in April. The higher demand exists fronréha

design of the system. to July due to high season for tourism while retl

3.4 Wind data collection and power demand ![owe_r in September to November due to low season fo
ourism.

The wind data and electrical power demand was The energy consumption mostly depends on diesel
collected by Provincial Electricity Authority (PEAThe  generation. The increased demand is due to its damo

system is consisted of the tiled-up tower with 4&ters  destination for tourism and its population growth.
in height, instrument, sensors, and accessoriesin@u

January-December 2009, wind data and electricity>-2 Wind speed data

demands were collected. Performances of wind powerrhe wind data were collected at the height of 4@ense

are obtained, processed and analyzed using HOMERyhove the ground level. The 250 kW wind turbineorot

optimization model. are placed at the hub height at 50 meters by ubifig
power law. At 50 meter height the average wind dpee
became 5.48 m/s as shown in Fig. 3.
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Fig.3 Hourly mean wind speed distribution.

Table 1. Diesel generator information

Parameters

Value/ information

Rated power

Minimum allowable power
Full load fuel consumption
Power factor

Voltage

Rated current

Frequency

Rotating speed

Battery (voltage)

500 kw
74 kKW
140 L/hr
0.82
400 V
902 A
50 Hz
1500 rpm
24V

Table 2. Diesel generator data

Rating Capital cost  Replacement O&M cost
kw (Us$) (Us$) (Uss$/hr)
500 80,355 53,570 0.301
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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-connectied-w
diesel hybrid system are 3 diesel generators &2&D&kW
wind turbine. The diesel system consists of geperat
with capacity of 1,500 kW, generator 2 with capadit
1,000 kw, and generator 3 with capacity of 500 KWe
cost of each component, the economical and control
parameters required by the HOMER software are
discussed in the forthcoming paragraphs. The dveral
system includes converter and battery as showigird-
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Table 4. Wind turbine technical data

Parameter

Value/ information

Rated power 250 kW
Cut in speed 3.5m/s
Cut out speed 22.0m/s
Rotor diameter 285 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 ($) 25000
Replacement cost ($) 175,000

Table 5. Converter and battery cost

Cost Capital Replacement o&M
$) ) ($1yr)
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 k
rated capacity; three units for generator 1, twisufor
generator 2, and one unit for generator 3. Theildath
each unit in terms of both technical data and tist data
are shown in Tables 1 and 2, respectively. Taldbdvs
the fuel cost and its technical data.

locally, including the transportation cost of 0.8, as
given in Table 3. This table also includes technica
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 wimelgy
conversion system.

of these machines varies between 40 and 110 m @.mo
The modern wind turbine produces more energy due to
high wind speeds at higher hub heights, since tieegy
yield from the wind energy conversion system depend
on the availability of wind and its variation. lhi¢ case,
WES30 of 250 kW from Wind Energy Solutions
manufacturer is used. The technical and cost irdtion
of the wind machines is summarized in Table 4. The
annualized operation and maintenance cost of $1p800
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 300QpAh
set. It is noted that the converter functions ath tam
inverter (converting DC to AC) and converter (AC to
DC). The costs of converter and battery are shiown

6 RESULTS AND DISCUSSION

HOMER provides results in terms of optimal systems
and sensitivity analysis. In the analysis, the rof#ed
results are presented on a particular set of $etsit
parameters. The results are presented in the fimltpw
paragraphs.

6.1 Optimization results

The optimization results for a wind speed of 5.5 anid

a fuel price of 0.80 $/L are summarized in Figry this
case, a diesel power system seems to be most
economically feasible with the minimum total ne¢gent
cost (NPC) of $35,619,588 and minimum energy cost
(COE) of 0.288%/kWh, although the system represants
higher initial capital when compared to the systemby
diesel only. Generally, at wind speed less than'€} the
only diesel system was found to be most feasitigisn
with COE, less than 0.277 $/kWh corresponding with
diesel price of 0.7 $/L.

As seen from Fig.8, about 55% of initial cost ohdA
diesel hybrid system was accounted for diesel power
system, and 98.6% of the operation and mainteneoste
and fuel cost were accounted for diesel system.tatad
annualized cost for wind equipment including coteer
and battery system are accounted for $80,187 (38beof
entire wind-diesel power plant cost), while for ské
power system is accounted for $ 2,706,218 (97%ef t
entire wind-diesel power plant cost). The energgidyi
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 produce
313,428 kWh/yr (3% of the total energy served), l&vhi
the diesel generators produced 9,482,455 kWh/ye Th

System with battery back-up was almost no excess
used in the simulation. The fuel costs are obtained Y y P

electricity with any capacity shortage, as showhim 7.

The modern wind machines are very efficient and are

found in big sizes. Today’'s standard market siz¢hef
wind turbine is greater than 1.5 MW. The rotor déen
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Senzitivity Results  Optimization Fesults ]

Sengitivity vanables

wind Speed [m/s] | 5.5 *| Diesel Price ($/L]0.8 hd

Double click on a syztem below for gsimulation results.

" Categarized

Aol mlp S Lot | Lot Labal| Haton [ Co [ bl | Ooermbg [ T | e p | Pl | Ut | Label | Latel
P Y tuc 11500 1000 500 250 300 $880000 2717564 $35619588 0288 003 3194694 3425 3924 2229
A tniais e 1 1500 1000 500 200 300 $859000 2719301 $35E20796 0288 003 1896823 3455 3939 2187
Enitsis 6 1 1500 1000 R00 200 300 $ 907,000 2716852 $35k631.483 0288 003 3183429 3412 3897 2266

1 1800 1000 ] 350 300 4 922,000 2715902 $35640340 0282 003 3182141 3392 3900 2274

1 1500 1000 RO0 400 300 4945000 2715360 $35ER4.ZBE 0289 003 3181338 3482 3892 2294

1 1500 1000 R00 200 280 $ 851,500 2722823 $385ERE.36 0289 003 3197992 3699 3936 2062

1 1800 1000 ] 2580 250 4 872500 272248 $38674132 0289 003 3157164 3E85 3935 2077

1 1500 1000 RO0 200 280 4 8925500 2722450 $3BE95540 0283 003 37196758 3E81 3927 2089

1 1500 1000 R00 350 280 $ 914,500 2722396 $35.715.852 0289 003 3196363 3673 3931 2092

1 1500 1000 R00 400 280 $ 935,500 2723283 $35.745.200 0289 003 3196176 3672 35928 209

1 1800 1000 ] 200 500 4 931,000 2738578 $35933220 0291 003 3180158 3008 4144 226

1 1500 1000 RO0 S50 RO0 4 952.000 2737430 $355945540 0291 003 3178550 2992 4116 224

1 1500 1000 R00 250 R00 $ 910,000 2741 e64  $35957668 0291 003 31835946 3089 4112 2188

1 1800 1000 ] 400 500 4 972000 2736760 $35957472 0291 003 3177302 2947 4152 2240

1 1500 1000 RO0 200 RO0 4 885.000 2744888 $3R977848 0291 003 31878934 3168 4090 2180

1 1500 1000 R00 200 BOO $ 946,000 2,748,981 $ 36,087,208 0292 003 3180279 2010 4141 2216

1 1800 1000 ] 350 EO0 4 957,000 2747 BT $36091476 0292 003 3178510 2990 4118 2240

1 1500 1000 RO0 400 EOO 4988000 2747067 $ 36104608 0292 003 3177325 2845 4153 2240

1 1500 1000 R00 250 BOO $ 925000 2752168 $36.106,944 0292 003 3184161 3090 4111 2188

1 1800 1000 ] 200 EO0 4 904,000 2755189  $36124556 0292 003 3188027 3165 4091 2178

1600 1000 RO0 200 300 4 E51.000 2792882  $3B.30R0844 0294 000 3281072 3R4E 3919 2180

1500 1000 R00 250 300 $ 630,000 2.794.551 $26303,736 0294 000 2283357 3886 3911 2157

1500 1000 ] 200 250 4 601,500 2796827 $36354328 0294 000 23293704 3845 3896 2039

tB CB CB &) 1500 1000 RO0 200 300 4 605,000 2796889 $3B368.792 0294 000 32854959 3E23 3928 211
C{) C& CIB 1500 1000 R00 250 280 $ 622500 2.795.841 $26362,736 0294 000 2292412 32825 3893 2083

Fig. 5. Optimization for wind speed of 5.5 m/s, disel price of 0.8%/L and renewable energy fractioof 3%

System Architecture: 1'WES 30

1,500 k' Generator 1
1.000 kw' Generator 2

Cost Summary | Cash Flow | Electrical

Cozt type:

B00 kv Generator 3 300 kw' Rectifier
290 Hoppecke 24 OPz5 2Cycle Charging
300k Treeerter

WES30 Label  Label  Label | Battery  Coreerter Emizsions

Cash Flow Summary

Howrly Drata

Total MPC: § 35,619,588
Levelized COE: § 0.288/kwh
Operating Cozt. § 2,717,564/

* Met present 20,000,000
Annualized
v Reverse sign 15,000,000
e
J:
Categonze: g
+ By component E 10,000,000 +
By cost type =
Shaw details E
5,000,000
_ | —
WWESSO Label Hoppecke 24 OPzZ 3000
Compare...
Component Capital [$] Feplacement [§) Q&M [F) Fuel [$] Salvage [§] Total (]
WES 30 250,000 73021 19,175 i 13,592 328,605
Generator 1 240,000 337,972 394,047 16,580,762 -10,907 17 601,876
Generator 2 1E0.000 316168 300,97 12,600,330 11,468 13,366,002
Generator 3 20,000 77 BB a5 4582 3387791 -3.503 3626788
Hoppecke 24 OPz5 300 105,000 99,104 63917 0 371 257 k50
Corverter 45,000 12,518 383,50 1] -2,330 438,683
Syztem 880,000 965,850 1.247.094 32,568,336 42,221 38 E19.608

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

110




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

Diesel Price (/L)

System Architecture:

1wES 30 500 kM Generator 3 300 kwf Rectifier Total NFC: $ 35.613.588
1,500 kN Generator 1 280 Hoppecke 24 OPzS 2Cycle Charging Levelized COE: § 0,288/ Wh
1,000 k' Generator 2 300 kKM reverter Operating Cost: § 2,717,564/ v

Cost Summary | Cash Flow  Electrical | WwWES30  Label | Label | Label | Battery | Corverer | Emiszions | Houwrly Data

Production K hfur 4 Conzumption K hfyr 4 Huantity ko k4
213428 3 AL primary load 96E4.4723 100 Excess electricity 0.0830 0.o0
Generator 1 4,841,291 45 Toatal 9,664,478 100 Unmet electrc load 0.0215 0.0
Generator 2 JE72TH kr Capacity shortage 0.00 0.00
Generator 3 963433 10 Quantit el
uantity alue
Total 379839 100 Fienewable fraction 0.0320
1400 Monthly Average Electric Production !
mrind
= Generator 1
1.200 — Generator 2
= Generator 2
1,000
R
% SO0
o
400
200
a
Jdan Feb hdar Apr b 3w Jun Jul Aug Sep Oct Mo Des
Fig. 7. Monthly energy yield from wind-diesel hybid electrification for the island electrification
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Optimal em Type System Types
; 5 [ Labelt abel abelattery
7] winciabell_abelAabel Batt

Superimposed
3251 | evelized COE (BMAh)

Wind Speed (m/s)

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

Pallutant Emnizzions kg Follutant Ermizzions (kgew)
Carbon dioxide i Carbon dioxide 9.396.349
Carban monaxide 2,327 Carbon monaxide 20,7
Unburned hydrocarbons 2382 IInburned hydrocarbons 2,293
Particulate matter 1,608 Particulate matter 1,561
Sulfur dioxide 17,351 Sultur diowide 16,847
Mitrogen oxides 130,202 Mitrogen oxides 194 712
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 prtsse
the results in ascending order of NPC. In this gmées
case, wind speeds (3.0, 3.5, 4.0, 4.5, 5.0, 50, @5,
7.0, 7.5, 8.0 m/s), and diesel prices (0.7, 0.78),00.85,
0.90, 0.95 and 1.0 $/L) were used as sensitivitiabtes.
However, when the different interest rates areuitet,
the cost of energy or electricity price slightlyaciges.
For example, interest rate in this calculation.E%, the
cost of energy (COE) or electricity price is 0.Z288Wh.
The sensitivity studies showed that when interagés

5.5 m/s and fuel price of 0.80 $/L or higher. le ttase,
wind turbine was accounted for only 3% of energy
consumption. The feasibility expansion of wind-éies
hybrid to other remote island is studied for theame
future.
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are increased to 8.5% and 9.5% COEs are ConStantIXaboratory (NREL) for the support on HOMER model
increased to 0.293 $/kWh or increased by 1.73%. Ing, this study.

contrast, when interest rates are decreased to Gri&o

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. Tiis tf
graphical representation of optimal system-typevioies
information that a particular system will be optinad
certain wind speed and a certain fuel cost. Funibee,

the wind speed and diesel cost are usually site-

dependent, so one can conclude that at a partietet
speed and fuel cost the system will be optimal dor
particular place or location.

The hybrid wind-diesel optimal system for this
network shows that the cost of energy or elecyriprice
is 0.288 $/kWh or 8.68 Baht/kWh in comparison with
retail price of 0.116 $/kWh or 3.50 Baht/kWh frohet
national grid. When the network operation is opzieai,
it shows that the cost of energy or electricitycerin
wind-diesel

generator-based or decreased from 0.348 $/kWH&80.
$/kWh or decreased with 0.06 $/kWh. It can beedav
587,753 $lyear.

6.3 Greenhouse gases (GHG) reduction

The GHG pollutes the environment, which adversely
affects the life of human beings. An indirect oddén
cost, which is not taken into consideration whikng
fossil fuels, is paid by the human beings. The alies
power system being used at this island emits 80®13,
kg of pollutants into the local atmosphere of thkand
every year. The wind-diesel hybrid system can reduc
pollutants to 8,612,457 kg per year. It shows aicédn

of 260,634 kg of pollutants per year. The concédiaing

of various constituents of pollutants like &OCO,
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 dieselwgo
plant supplying energy to a remotely located vildny
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 windsdie

system can be decreased significantly
compared to the energy production cost on diesel
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