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Fig. 1 The Jensen’s [27] wake model that assumes linear expansion of the wake cone"
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Fig. 2 This example of multiple wakes shows why multiple wake models must combine the
influence of every upstream wake, which shadows a turbine, into a single effect to obtain a
usable result®
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Fig. 3 Stochastic field for the frequent wind hazard level and different wind directions: (a) 0,
(b) 30, (c) 60, (d) 90, (e) 120, (f) 150, (g) 180, (h) 210, (i) 240, () 270, (k) 300and (I) 330°
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Fig. 6 Schematic representation of the wake effect'"”
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Table 2 Parameters used in cases with identical wind turbines''”

Parameters dimensions 10Remarks
o 20m
7 60m
Z0 0.3
J 100
Cell size 100r0(200m><200m)
Wind farm
. 2kmX><2km
size
Cr 0.88
J
p ) 0.30°
1
Table 3 Parameters used in the case with different hub height turbines"?
Parameters dimensions Remarks
o 20m
z1 50m
z2 78m
z0 0.3
J 100
Cell size 10r0(200m><200m)
Wind farm size 2kmX><2km
Cr 0.88
J
P Y 0.30°
1
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Turner et al. (19 Turbines) Present study (19 Turbines) Turner et al. (39 Turbines) Present study (39 Turbines)
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Fig. 11 36 wind directions with three speeds of 8 m=s, 12 m=s and 17 m=s with unequal
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Fig.12 Thailand wind map data (a) version 2001 at 50 m height [23] and (b) version 2010 at
90 m height [24] with Huasai location""
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Fig.13 Conventional wind farm layout schematic [1,30,31] (a) and turbines spacing (b).""
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54(Cr), =17 E(power curve), FYA T+ A

a =o](H)o] T}, Table 4o] E1¥ =7]% ehi 1, Fig 1500
2(56) 0. 2R AARE FTEEHEA 7+ Rl F¥E Yepdth

1 U ﬁg - f,
i L =3
r.- = Ll - fr
Pi(il) = ¢ )8 ash
?R r.-r -:_: ﬁ: - f;_-,
L 0: U > G (56)

Table 4 The characteristic of wind turbine series'"”

Relat . Cut-o
. Stand | Cut-i | Rated .
Size e d | Rotor d q u t Swent Densi Cost ( Cost/
ar n spee we 0S
inex( | Model | power | ,dg(m P speed | PE ey kW($/
hub,H | speed | ,c¢(m () ) $
T ,Tg(k | ) @ ws) | /s) , Co(m ) kW)
D) /s)
302,5
1 V29 225 29 31 3 13 20 661 341 56 1345
762,0
2 V47 660 47 50 3.5 14 25 1735 380 46 1155
1,123
3 V60 900 60 60 3.5 15 25 2827 318 759 1249
1,576
4 W1250 1250 70 70 3.5 15 25 3848 325 949 1261
2,132
5 V82 1650 82 80 3.5 15 25 5281 312 391 1292
2,741
6 V90 2000 90 90 3.5 15 25 6362 314 970 1371
3,654
7 V100 2600 100 100 3.5 15 25 7854 331 107 1405
4,693
8 V112 3000 110 115 3.5 15 25 5852 305 £a8 1565
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Fig.15 The series of wind turbine power curve model following''".

FTHULHAGAZRE A3 sy A4 2 g A4 FARE AgE D, o 4
°2 Fojh,
360 Ny _
Pp= ;{)Zlf;ﬁ(ui) 57)

ol AoA Np= FTEHERY FF, fiv WIKAAM ALE FH FEEZX
(probability distribution)e]th. FHEATGA ] A7t AR AHAEP)S th32]o 2 AH
ot

AEP=P,, X8760 (58)
A7F FHLAHGR 9 o] & E(capacity facton)& ThS 2] o2 Fo]Xt}

AEP

CF= = r
T, <8760 X N, TpxN,

(59)

10-2-5. FHLATEA 9 v & =2d
t]=r2] DOE and NREL(Department of Energy and National Renewable Laboratory)
o FHEW Iy slRFze HES FAsE BA=S(relationship scale)E AM-g-3}
+ spreadsheet-based scaling= 7W&stAth 3 F4Y HYWS Hrlste 27|A4EH &S

Th-21 3 o] Uehith
ICCy= TCCpy+ BOSy, (60)

o] 2ollA R W el =7] ¢ldxo]a, TCCRS EWIEE H]&, BOSRE 7] AH]

rlo
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49 B7lelth

10-2-6. 8t = Al(learning curve)
b dwA] vE-& Hristhy] flste], B £ HuW g2 Ayl FuE <l
%XH AA g vE&E H@rishr] flste] ShEaAde] sido]l AHEE U % i)
Ae] v ERAL AN EEZYHS A8 SEFIHE ol&etH, o As A

Eideg

Obo ool

m[o

)In2
)

1CCy= Y (ICC, <™

=1

(61)

1714 N

S fFU9 Fola, ICCNS FNFY Y v &, ICCRS HEI=A7]9 A FU9
Hl-8& 183 Tie

71EJA= 085 0.950] o}

10-2-7. A4A] B &
A7 oA We B REULRAL oA 2ol UANLE B 9
el A8

d(1 +d)
CREXICCy+AOE (1 +d)
AEP N AEP

=X+ ICCy+[LLC+ O M+ LRC)
COE=

(62)

oJ7]14 COE= 53| &(levelized cost)o]al, CRF(capital recovery factor) < AH£3
G A} ola, LLCE EAYthu|go|t}

11. 39 &%

11-1. AS A4 39 tlolg Y BA

Huasai A& 9 ©l=e] Nakorn Si Thammarat AHbol] 9Xstx, YJE=
8° 04376 ‘No]t}h. Fig. 16 o|x|wre] wigd# 43 F W3S Yehdth o 79 =
83 IWFS EZFA 0° 5 360°, sFNA 90°, E&EFAA 180° 2|3l A ZE
A 270° o]t}

—
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Fig. 16 Average monthly wind speed and direction at Huasai site over period of 1 year“”

11-2. 33 A H71 T
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Fig. 17 (a) Annual wind rose and (b) and wind probability distribution map at 40 m due to
influence of tropical monsoon. (c) Wind rose and (d) wind distribution map at 40m of
northeast monsoon during November to April. (e) Wind rose and (f) wind distribution map at
40 m of southwest monsoon during May to October""

11-2-1. 3% A& AL I
HEFFEde] HH5 duez
=
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QA4 B3] A FFEIN dol A ExH o9tk

@FFEH tg dojaints g2 370 ow Wz glo] A=A BT

@3t F42 AIRZAH A dolaid RdS VB2 ALttt

@F-EH Jolas nue Jdolmsy A2F=d SST(sum square tota)s o] &3}
SHRENIY FH5AES ALSIAT

©FHTAEA 9 A Al(topology)= A AA7] dolz= EAS} HJL, e 3

©ME HYsY F22 20669 sERIERE AJy, FYA4 %, Cre 0.88°]th

12. BPSO-TVACe]| &3 ITHER S HZF njx]|

THRAA Y BHL 2000x2000m° R, o] & BL FAZ AR UFi, ol F HE
>

i
:»-.-‘J"./— Nag' froe stream wind velocity g IJh'-‘ d::':“-_.‘.- diretion reterte;
.\ / and direction (&) t:,?r' o J,Lj :4;1:I:E|.'I\h
A5 245 w
2 “/' ! £y us South (8)

27F as West {W)
S| S| < e | Se i | T | e | o | T Hi | M| o | o | Hi
Sag | S | — | - | Sa T | T | - . Hy | B | o | oo | Ha
KU S I I o | T | - i Hy | Hal o | o | H
(a) Position matrix i(b) Turbine size matrix {c) Hub height matrx

Fig. 18 Divided wind farm matrix represented as a particle in BPSO-TVAC with the matrix
including (a) the position, (b) the turbine size, and (c) the hub height'""

B2} dakat 9] thg-9] Patel rule of thumbell ¢J3] E® Fzt3}k EX gl =7
2 JMA 3, TEgATU e AEH A oA A=A}

OA = Fer(fitness function)e] HthBKS,T,H)= [(7]2-¥A| &+=2] 7] 9 -COE] X
d(1+d)"

AEP=910.81+11.26) X AEP~{(—————
(1+d)"—1

) X ICCy+ (LLC+ OandM+ LRCy)}

(63)
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744 ZHEMel 4 0Ny = 225. <rxc (64)

i=1j=
BNl 9125 5,€0,13

Bl =27] A9 7, 5,<1,2....8

TAE W& T, 5,<0,8,0,9...1.5}

)’

At 9= A4k AEPGS,T,H) = AEPGS,T,H)=

YD fe e S, ¢ P(T,Hy) <8760 kWhiyear (65)

Investment cost constraint; ICCNGS,T,H) < ICCry §

NT
A7)4, BEAR] AAFAN & [OCy = S ICCH T, H)" "™ g
1=1
EAYA ¥8; LLO=0.00108 X AEP(S,;, T}, H;)  Slyear
S BEug; O&M= OOO7><AEP(SU,TU,H) $/year
AR A E L LRON=10.7ZPR(%) $/year
1=

J=1

12-1. AZP7HE 7HEASE 71 o] R YA H & A SHBPSO-TVA)

BPSO-TVAC(Binary Particle Swarm Optimization with Time Varying Acceleration
Coefficients)= wE}F2] 2~E(Metaheuristic) &3} dreFola, FHLHAGEA A 4
olZEHE A28 s7] gste] EM 94X, BHle =7 a8 FA E%Ol%_— Ae T,

12-2. 734 YH HH3 wjx)9] vl
s HAEl A7)0 thste], Azb AUAYAHAEP)S AFAA S HAHS A M 2
EHle] 2 A3 A Aststilal, ol & Fig 190 yehdt
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Fig. 19 Comparison of AEP with different turbine sizing and spacing between (a) the
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Fig. 20 Comparison of annual operating income with different turbine sizing and spacing
between (a) the conventional layout and (b) the optimal placement'!”

13. 248

SHEAGAE AAS7] Hel dol= &3, Jensen B, F&F At Harmony
search algorithm && AWstAa, B=9 AATE HAFs 224 ol =57t
PR e aPa HHIANE 27 FavIYedAE o] E4Es A8

FERATA MA /BAGES ety BAR TEIWL A 2
Ao AZAT B, Z2adY AEAE A5 A F4L AY BF FEsq0h,

1 FEHWS o] &3 g2 ZF gl t& Bl ik I 18t &
o|Edty, HAEAE Z7198) Harmony search algorithmo] AM&% it} F38l5ol o
= wEetFe 28 A3 EH(metaheuristic  optimization solver)9}  stochastic

2. BN ZewddAe] HHAANHE ABE BLolAH Jensen’s wake
decay® FEE 2AdT. WFLO ®do] the Z4ko] EH¥F 7 2=k
AEEHI2e Aestel RIS EFAS

FAA, dolokx A= o] dTEHE 2 24E Einh
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3. FEwAuAY FHEMe Ay, WX Lela FAEE AYSHIAs
BPSO-TVAC @el&e] A-8Hh oS FHHue HAMFEL AEA A nc)
e ATeIUIA AT F4H G0l e AR

<HIEH>

1. o718, AL, AAE, AFE. olFE, olAH], ‘G 2vtA HAH}E £33
A S EHER Bdols AAT, AAAAUA A3A A3E, 63-71 (9 pages),
2007.

2. 947, 239, OddH, 2 MWH U1 FES5 TEEAAAMS 9 dEHE 9
A HFA EFle] HHHA #e AF7, dEFARS], daEFA 553 A,
2592%, pp5d-61, 2012

3. ARG, AAE, olFAl, ‘WS FHEH oa FHFTHEW HHu|x A", Tt

5. Aae, " e FY VIRAA FEHEHW AR, d=ieriedRdTd

RESEAT #4&, 2016
6. HHF, “FHEHN Sz di HAE «d5 WWT d=der|edndTd
RESEAT &4}, 2016

7.0 mEd, g FEEN AARe] HA A" dxderlednd T

)

T FERA ZAE dlolYl 1EEY, XA/ HRATA RESEAT 2

9. Nikos Ath. Kallioras, Nikos D. Lagaros., Matthew G. Karlaftis, Paraskevi Pachy,
“Optimum layout design of onshore wind farms considering stochastic loading”,
Advances in Engineering Software, 88 8 -.20, #(Z), 2015.

10. S. A. MirHassani, A. Yarahmadi, “Wind farm layout optimization under
uncertainty”, Renewable Energy 107, 288-297, 2017

11. Sittichoke Pookpunt, Weerakorn Ongsakul, “Design of optimal wind farm
configuration using a binary particle swarm optimization at Huasai district,
Southern Thailand”, Energy Conversion and Management 108 160-180, 2016.

o BM=2 We7[e8ESHR We7[eller|s, 5722l X@S 2ot Hgsts LY.

]

A
rlo

KiSTi o=mRriey=amn =
Pt = B R ReSEAT =2 17 (hitp://mwww.reseat.re.kr)



