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Abstract

In the development of a wind farm, besides assessing the potential of wind energy sources, it
is also essential to study the optimum location of wind turbines to maximize the power generation. In
this research, an Ant Colony Optimization Algorithm (ACO) has been applied to determine the
optimum wind turbine generator locations, comparing the outcomes with those generated by the GH
WindFarmer program, a tool commonly used for wind farm design.

The ACO is a conceptual algorithm based on the foraging behavior of ants that has been
studied in complex terrain for the Rom Klao wind farm in Mukdahan province. The CFD model and
long-term wind data from 1985-2015 were used to assess the wind potential of the study area. In this
research, there will be 13 wind turbines (Gamesa G126) with a nominal capacity of 2.5 MW, a hub
height of 100 m, and a rotor diameter of 126 m. The results show the Rom Klao wind farm has an
average annual wind speed ranging from 3.53 - 5.42 m/s. Comparing the net annual energy production,
wake loss, and capacity factor (C.F.) values of ACO and the GH WindFarmer showed differences, with
ACO yielding 25.70 GWh/year, 13.74%, and 9.03% respectively, and GH WindFarmer showing 30.75
GWh/year, 10.88%, and 10.80% respectively. Notably, the ACO method requires approximately twice
the time taken by the GH WindFarmer program.
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msw@ummiuﬂwuamuaﬂmﬂmaﬁﬂﬂmmﬂmwmaqLmaawaﬂmuammmmLﬂumaqﬂﬂmmLmuwaq
fustuaufimnzauieliv fufeiuanausandalnildgean nuideiinauesaneifiunsmannei
WazauwuvaItiauug (Ant colony optimization algorithm, ACO) 119Tun1snisumisvesfiaiuay
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widsaudamiutoyaausrereReus wa. 2528-2558 Tngldisiuaundnluiiniu Gamesa G126 vu1n 2.5 MW
ATIIGIAUSNANEILTNY 100 m FuuAUEnadIYEY 126 m $1UaY 13 Fu 91nn15iTenUdn Audiunsa
favuansundisnsniauadeseliitus 3.53-5.42 m/s :nmsld ACO Tunmsvsumisveaiteiuay wui
wasulnihansaiseYwindu 25.70 GWh/year nsgayidenilesann wake Wiy 13.74% CF. wirdu 9.03%
waziilodraeafie GH WindFarmer wuinwdsauliiiignsiedvindu 30.75 GWh/year n1sgayidierilosann
wake WU 10.88% C.F. Wiy 10.80% uaziiloiuisuifisunarildlunisdiasmuin ACO Téannni
wuUd1ae GH WindFarmer Uszana 2 1in

Fddy: Sunouitoruniiauun vhiuteiuan magadedesain wake uwudiaos CFD
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dmsudnenmdinuanvessumalnetugninheglunusidm nndoyaunuiidnenmmdanuay
FArlAgNTUTRNNSINUNAUN LA DY NINAINY wuissnrlnediadandoudish Taofirnaga 90
m wufldnlvgvestssmaiisnsisiauadoegil 4-5 m/s [1] visiuilvesnans Tusenidsanilelasians
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Srinuasassssusvachl Tuuandfifuinsiauduioiuay venandesrddirnudianuds Sue
milssdnuaznivseima Ussamveansliiauuazadrnunay Sadussiuszneuiidrdy lumsiauihia
fotuan dvdumstauiduofuausidufesdnuuarUsslufnenmunasay Wedssdlaiuiinde
sumislafimnzauiumsindataiuay 9nn1sAneves Mohamed wazaniz [2] ldAnvmsumisuesioty
aufiwinzadlurhsufwiuaunuedivu ludsemaueadise Tneldlusunsy WASP Usuifiaudneninuvasay was
T4TUsunsu GH WindFarmer Tunismisunmiswesisuan Sahdufafuauiidsnisnaniadasiafu 10 MW
MnnsAnwInUIuRAne TSR Gaueds 5.7 m/s wazndsliiiinnundsldsingu 21.80 GWh/year
windsanld GH WindFarmer wdanulwihiivhsundaldvinfu 22.10 GWh/year uae Gonzalez-Longatt uay
A [3] hmsUssiinudnonmunasaslulssmaniugean Ingligndeyansdaunansalandituiinl fve sannd
oniouAnedaud n.a. 2548-2550 Iaglddoyanuiiuasfiennsauainiarinau 32 wis uazldvansiuag
Openwind TumsUsediadneninunasay wuiiiuiifivansauegnenianie Ssaunsaimuniulasemnis
nuauiBendedifiensnanndsnuandmsulssihunadniss vuideuseaeduarlideudeansds

Pnnddeisuanddiduinisfnusasusadauaneuarannsamiumisestaiuaufianinse
wanlilgeiian fewiliaunsnoenuuunsuduiuay fedummiadediingussasdifionidiumdsiivaya
vosfsiuanlaelddanedfiunismaniiefivuirauuuueiandauun (Ant colony optimization algorithm,
ACO) TnghmsiFeuifisudmdsnuliifidaldanssied msgadeidonin wake Ardszaniaimnisnan
Tifhanndanuay (CF) waznanfildlumssasadiiowseuiisuiuuuuiians GH WindFarmer
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TusnAdeilfdenfuivfutviuausnnd Swmdaynamns Tnefowaiuiidnuiiiu 10x10 km?
uanafan i 1 wazldiauan Gamesa G126-2.5MW w119 2.5 MW Adugeaugnanaadiumsu 100 m wdusiny
Audnatsdumy 126 m AsuauiFuyinnulasgnyinuisnssian 3 m/s waz 25 m/s amddy WEulAs
MduanadanInd 2 [4] $1uau 13 fu Iﬂ8W1§uﬁaﬁuamﬁﬁﬂé’aw§m§m§qa53"17'1' 32.5 MW uazldtayanuszuzenn
Faust w. 25282558 9ng1udeya MERRA AI11g4 50 m A #Uviis 16° 22' 49.206" N 104° 24 51.1632" E
Lﬁaimﬁzﬁﬁﬂmmasmmﬁaaméham‘sLL@JﬂLLﬁ]alay,aé%qLfJumiLmﬂLLﬁquaﬁaiﬁwﬁﬂumﬂ%ﬁmﬁzﬁﬁaga
neaifivesan wisdwesveinisuanuasliyadusznaudie n1515nes3Us19 (Shape parameter,k) du
‘Wﬁﬂﬁma%ﬁLLamé’ﬂwmxmiﬂizmamaﬁa;ﬂammL%au (v) Erflendesuanainfinnusiaudiadesnin
ATINSIANGY wayInIdlnessediu (Scale parameter, c) Wumsiwesfiduiusiuanuiiauads §1anus
autodeiirngs Aazannaulushe [5)
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Gamesa G126-2.5MW
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= aa a o . = = a =
seifguiferandauungniiauilag Dorigo warame [7] 1wl 1992 laefiuuiAnannisidsunuy
NYANITUMIVNBIMIVRIDI TALNA TABIHAINUATLAUNIDMNTNA VNS Tuvneifumemisegtiu ua
' ~Na A = g ~ o ' v o ~ o a o A o
agUaovansiaiimsonin Wlsluu Jaduarsedinldlunisdeansseninuamenu s liaundnmaus auluds
wrdsemslaegnsgnded [8] UsunaesiilsluununudessenitamnasduegivsssemeuasUunaveunas
91115 [9] NM9YI9Uves ACO TunsuAatgymnsmaiunidseisiuaulunisuiiuaulansdsnng 5

1. Initialization;
Set the initial values: Number of turbines Ni, Number of ants

Generate initial solution:  Randomly locate each turbine with respect to
assumptions six and eight and compute Pup; and totalPup; as the optimal
solution

2. Compute Vel _defi, i, Pi, and Py
3. selbest=F;
4 foriter=1 to Maxiter
5. compute 7; and number of ants Tant; for each turbine proportional with
if best £total Pup; or iter # Maxlier
for each turbine i=1 ro Nt
for ant=1 to Tanny
re-locate turbine § randomly with respect o asqumptions six and eight
end
re-compute (2)
il Pr> best
best = Prand update farm by new best wrbine locations
end
end
re-compute (3)
clse
sToP
P is the solution and turbine locations (farm) give the optimized layout

AN 5 159919 ACO Tun1sysatsuaeiaiuay [9]
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WU oy aau Iy e1INIUA WA, 2528-2558 91ngIudeaya MERRA luiufin1suiaiuausungn
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U
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3
nzfunndeld (SW) Tneflaanuduindu 22.76% 20.06% waz 13.61% Auady wansfan nd 8 uaziile
Tanghaifiaudignisuanuaswuuliyad (Weibull distribution) Iagin1s1dmesgusiaiaiu 2.63 uas
WTmessERuViY 4.8 m/s warsndiauedsiiu 4.22 m/s uansfanIng 9
msUszfiafnennumnasanlngldlusunsy WindSim fewmaila CFD wuia 10x10 km? wansannd
10 Wuin 5&13%?’;@La?{aiwﬂmmﬁuﬁﬁﬂmaﬁuﬁdm 3.14-6.45 m/s uaviiielnzasludeiiuiinasuiafuansy
LA WU 5@51L§aaMLaﬁaiﬂaﬂa§1uﬁziN 3.53-5.42 m/s WA il 11
vhiufviuauiimdsdnindegi 32.5 MW Usznaudetefuaudiuau 13 du 9anmsld ACO Tuns
wiiumisvesiaiuay wuimdanuliihiindsldsetvindu 29.80 GWh/year wdsolwilansaiseUiindy
25.70 GWh/year Msgayideiilesann wake winfu 13.74% CF. wirdu 9.03 % wazldiaanlumssiasaviniu 7
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Wind speed Gross AEP Net AEP Wake loss
Turbines C.F. (%)
(m/s) (GWh/year) (GWh/year) (%)
1 4.07 2.48 2.03 18.13 9.27
2 3.88 2.06 1.80 12.86 8.19
3 4.05 2.47 2.05 17.19 9.34
4 3.92 2.21 1.69 23.51 7.71
5 3.95 2.25 1.35 40.05 6.16
6 3.75 1.94 1.82 5.84 8.32
7 378 1.96 1.76 9.82 8.05
8 4.07 2.51 1.89 24.42 8.64
9 3.86 2.18 2.11 2.99 9.63
10 3.84 2.09 1.64 21.41 7.49
11 4.09 2.60 2.57 1.00 11.74
12 3.95 2.32 2.25 3.06 10.27
13 4.13 2.74 2.74 0.22 12.48
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Wind speed Gross AEP Net AEP Wake loss
Turbines C.F. (%)
(m/s) (GWh/year) (GWh/year) (%)
1 4.06 2.53 2.43 3.72 11.1
2 4.02 2.52 2.41 4.40 11.01
3 4.05 2.51 2.12 15.79 9.66
il 4.17 2.79 2,77 0.72 12.64
5 4.15 2.70 2.57 4.93 11.71
6 4.02 2.43 1.88 22.63 8.58
7 4.03 2.41 2.16 10.33 9.87
8 4.25 2.90 2.47 14.94 11.27
9 4.22 2.81 2.10 25.40 9.57
10 4.06 2.54 2.50 1.54 11.41
11 4.35 3.12 2.36 24.33 10.77
12 4.07 2.49 2.24 10.02 10.2
13 4.14 2.75 2.74 0.18 12.52
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