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F721997 4 7 A IZHEOBEEAGH b EEFGH A~ OBATICE AU T 2 &b, /S—
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2001 VT IIARTE AR A 2.2%IZJ80E L7223, & 7 oV BIHEIZ K D IENRR % & B L 728
R BB L7 R, 2003 H121E 71%DRFE R Z, £, A~ b T HHEESA o FYEH
W TRE 2R E 2521 72 2005 FEICB VT S 4.5%DRRFEREREZER L TV 5,

Z D%, SMEANFEEOG ECHEESTEABGHEOEB X 20 | —REIZ
BN LTI b OO, BRFKEZRIL 2006 4F 5.1%, 2007 4512 4.8%% K LT 5,

2008 FZII N 3T DAY T — AEEEZEEOASFHEONBOIRELY, BOEEE L
ISR BRI B Z 5 2 2008 FERIKROMERRIT 2.5% &L 72> 72, 2010 Fix, EFEHICE
W R Z R L7223, TR A Y | HRRE ORGE & & HIc 2 A EfRE bR 2150,
2010 FRRDREFRIT 78% & 72 o7z,

2011 EFEITHAE Lo REKIZ X DB ~OREITIEL T, TEMMORKIZL DY T Z
A F = — 2 ORE HROGEFEDOAEFEE L BRENFIRWEM, W, B ~O B RA
SEM LI, TDO7H, 2011 FREDOKERIT 01%ITHEE T,

7o, 2013 i, FRHEB OBIRSIC L0 &R O 5EEB N ER b L2 L. F
T b S @ RO A O EBE AR DARKIZ KV 2.9% & 22> T D,

2014 BT, EEIEIGF SN2, HE - o, SMNEABDLE OB EIC
£V 1.0%DFERLH BRI £ 72,2015 FE T OEE, A > 7 T REOHEIMIZ LY,
28% DR & o7z,

2016 FED X A FF X, MEATEEDGFRTE S 121D, 230 3 7 JEDER O 28 He A8 ks B 4%
R ETHAIBEICL D THAITED, 328 GDP flEFEN 32% & oz, £, 44
EBFHIEE DR EAE M D720, BERRFERE (EEC) FORERERIRA R L TR,
EATIMIMEPEE DOFBEICHE AN TND Z D, 5% bRAKEN EORERZERT S
ZENHIAEN TS,
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BHIRE L TRV, ZTOHRITH 80%EB2 DL L bic, ENTEEICER SIS KRS
AufRE, ZL<EBA LTINS, BEHTFEEGFEMK 7%0OHNN & WIZBEZE 2% 7~ LT
BY, A% OLERIEFEENMNFHEINTWD, L EYE RIS, XA EERIL, =xL
X —ZRIREDBLE ) B IRE O MEAF BRI 2R & & HIZART R X —DFRE
MEKL Z EIZEH LTS,

=, BV TIE, FTRROBERIZEY | BEFEE DO ORIEAGHE O HFHEEIL
iy (& 112K, 20D, A EHBUFIEL. EGAT & PEA IZxF L, EJEAZRL
TWAHMN, Kt b, FEMEAZEELRROB WY A h~DEAICEE->TRY, b
HOEHED T2 D12, ARJEFIR I G U 72 AR BRI OB ~D =— X E 0,

@ HEER
(7) #A &L MEEEIR (CFY) 3-4m/s) ThHDHZ &
(1) ZFORPUZE LT B Bl s 722
() BE R
(=) BHIBEERFE->TEHT, BARMMBITATRAICE > TWDHZ &
() FEMEHEO ) U AT R REL TS Z &
(F) WA, BIRARSE OB THIK 22 2HIIC S < FETH 2 &

#£ 1.1: 2018 S OE S E A &

Target 2036 | 20124EFE | 20134 | 20144 E | 201548 | 20164%E
20184 (MW) (MW) (MW) (MW) (MW) (MW)
RE
3.002 111.7 2227 2245 233.9 507
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@ EXEHEOREE. BXR WRBERET) SLUEHIE

2 A EBUFIE A ATRE = R L F —DBRAFRIZIES )T 272, 2008 412 AEDP2008-2022 %3
7E L7z, [ AEDP %, 2011 /21X AEDP2012-2021 {224 /E &4, AT RV —EH AR %
20.3%(2022 F)02 5 25.0%(2021 )& BERRRIZRANRFICEE Ilc, Z A EBAFIX. AEDP
wIERNT K BT RV — B O G EE DUl B B (Adder) 72 £, B RET R L
X — ORI REERIE AR T, =1 —HADMEIZE H T,

AEDP2012-2021 1%, 2015 42 AEDP2015-2036 (22T &4, A ATRE= kL ¥ —E AL
#2036 £ E TIT 30%I251 & BT 2 AIEZHT. K0 BERBBRNE L RoTl, ZHITHEWD,
KB « BASEOFKFHFOEANBEEIC OV THRIEICS & EF b T, BAc>nT
IFE A HAZED 3,0020MW £ ThE EFbhTind

Alternative Energy Development Plan (AEDP) 2015-2036

F;:::ﬂ:; Strategy: Alternative Energy | gj::;ﬁg;r
Rhioon Development Plan 20152036
ininany evelopment Plan 03 :.“ funded RD&D

Goal: Target 30% renewables in Total Energy Consumption by 2036

Bomass | Biogas S Ethanol J Biodiesel | Pyrolysis Ol
sson -_ MIMUDy  UMUDsy  OSIMUDYy.
At Fuelst
i

Geaﬁfml.wedﬁmmm |

Hi#i . DEDE
1.2 1 Alternative Energy Development Plan; AEDP (2015 - 2036)
(7) BALHFIZLIEHAEWMFIE (Adder)
BRIFEE (EGAT ° MEA. PEA) IZ6FLTlE, SPP(10MW #7252 90MW LLF)<° VSPP

(10MW LLF) b0 E A ZZH L THZ812K0, AR LT —FHEEETLE
\Zp otz TNHEREER OB BN IZITABI 4 Adder 23Xt T5,
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Adder 1L, 2007 412 SPP FL N VSPP (kL T, FAEATRE= KL — R E ALtk T 57
DI AS T AHBN &I EETHY | I8 H DO ELE MBS Adder 23 ERESHUZEHIZEMHE T
)5 (EGAT, MEA 310N PEA) NE I %, 72, il Adder |3 EITMH T84
AR L — ORI LA BRI L O B I 28 B 72> TV, JA ) & RISk L Tl
B E TR L, MBI Z 10 FLRELST 2728 YIHERE N EL, %i@%]\?@%ﬁﬁﬁm\ﬁi
AIRE T RV T — (TR L CREW AT 220223 T\ D, 2009 4F 3 HIZIX, ZORE
(FFE) 12> T, F/NIR O DIZXF 95 Adder ZHEAHT 2 RE LS E iS4, £72 2010 4F 3 A
(CHFOBUEDE N IRGL A £ T Adder DI BIEAZR FLIE T B 2 MDD ENRAFRKII, 2010 4F 6
AIZKBEHAZDNWTIX 6.5 73— /kWh LlEEE /2072, —T7, T4—BAAREREL T4 ATRE=
FNX—ZE AT DAL, Fi72 Adder (1 /3—2/kWh) 2SBNIABI S TVD, Zhuid, BEAF
7'V RINEBEEL TN 2 A [E AL el -0 B I CId, REL O - B6 B (LD R BB AR O i
T A—BREITTEINTEBY, ARSI ML AREI ORI OT-® | X{EZ FIETHHD
ThbD, £z, XA [ERHE = Hilik (Yala, Pattani, Narathivath) |23V CHAE A[ET R/LF —ZE A
THEEITT, IR ZEDBURNSEEE VAT B E N2 e D FICFEAHBI 57250, I
72 Adder (1 73— /kWh) ZBIIL TWDH23, ZAUZDWTIE, BRI~ A Al E =R /L ¥ —
PEEEFHE T DI, FEE- BRI E OISR (L E BN LB DO TH D,

— R
= TR ORR

Relail Lariflf+ Relail FL Contract price+ Adder

ol JORMESR 1

Diipmab Cersurmer EoAT 8PP

——— e —————— |

! | Whuolesale I.-|r|Tf+1?i.."|m]p=.H1pF‘1

Frd .[_].:\-:e'l' g — I‘EILJMEFL BT
/] \

Retail tariff+ |[Retail Bt| — Whalzsale i-anfr-h‘l’uf'hn]?qﬂp F’r»| Adder |

py

¢ |Wholesale bt| | Adder | @048

H i . DEDE
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# 1.2 :  Adder DBl (HNL 78— /kWh)

Unit; Baht/ kWh
Typeof BE Adje?l?;ate Adjg:)iate Adje?rl:ate Disepseeclisleﬁ(ljadceermfzrnt fors-?:feizlslii(::;m Years Supported
most Provinces
Biomass
Installed Capacity < 1 MW 0.3 0.5 0.5 1.0 1.0 7
Installed Capacity > 1MW 0.3 0.3 0.3 1.0 1.0 7
Biogas
Installed Capacity < 1 MW 0.3 0.5 0.5 1.0 1.0 7
Installed Capacity > 1MW 0.3 0.3 0.3 1.0 1.0 7
e
Landfill and Digestor 2.5 25 2.5 1.0 1.0 7
Thermal Process 2.5 85 3.5 1.0 1.0 7
Wind
Installed Capacity < 50kW 3.5 4.5 45 15 1.5 10
Installed Capacity > 50kW 3.5 3.5 35 15 iz 10
it [ ]
50kW < Installed Capacity < 200kW 0.4 0.8 0.8 1.0 1.0 7
Installed Capacity < 50kW 0.8 1.5 1.5 1.0 1.0 7
Solar 8.0 8.0 6.5 15 i 10

H# . DEDE

(A) Feed-in Tariff (FiT)

NEPC /%, 10MW LA T VSPP DEAZ{EE S 572012, EXFHEHE (EGAT X° MEA,
PEA) 1T LT, VSPP 2608 A EAICEE 28 ke AN I T, Aild L7z Adder Tl
<\ ZEDOREREBIRI R, — Bk CTE VO ELD “Feed-in Tariff (FIT)" 12U W B2 5 2 L 2% E LT,

Flo. TORKAEZ D LI, ERCIFERIHEF T LT, VSPP I YT 2 5360 E I IRGE
FHNZBI LT, Adder TIF7e< FIT ##H & ¥ 5 Z L 2 /|BEMH T 720, 4%, VSPP F3

\ZRAT I N D BRI ON L, EARMICETOFEEICR LT, T 2A#EHIND 2
LT b, 72720, T® ERC DATEHFRELITNIC S S 77z VSPP FHEEIZHB W TIE, 5H
MM E D RUER RS> T D2bDO0, FEEEREEALHG L TWRWFEICBEL T, HiE
BEONEDOE E (Adder D) 7>, F72IXFT OIS T 2 MIFER T& (A L LT
W5, £7-, FT EAICYIY B2 285481213, VSPP 31T, HEAOHGEEEMEET
%HE. BRCICHKETH L & HIC, FIT ZH L7-HFEEZ, 201543 A 31 H 15 FEE T
W LR T TR 670 o T,

Adder & FiT ZHHL7ZEZA 1IOMW LU FERD R FEEE LT L, BIEUGD 4.5
THB/kWh 7°5 6.06 THB/kWh &&E <725 TWAHZE, LMY 10 015 20 FFEfELe> TS
ZEDD, DB B Ao o Te LRI T X XA EBUFEL TIE, VSPP HR3EICH Y -2 AU 58
BHELHAHEL TN EB X TCODIER A RIND,

Z ? 6.06THB/kWh [ZAFLD EFRAfiAS & 720 . Z 0 ERRflik & =V 7 Z L i FI AR & % 2T
U 72 AFLHIEE DS 33 S v, JEFLRE 3 2N b O BIRICE LS D B E 7> TV B,



= 13:

Capacity(MW)

Fite
1. Waste (integrated waste management)
Installed Capacity < 1 Megawatt 3.13
Installed Capacity > 1-3 Megawatt 2.61
Installed Capacity > 3 Megawatt 2.39
2. Waste (land fill) 5.60
3. Biomass
Installed Capacity < 1 Megawatt 3.13
Installed Capacity > 1-3 Megawatt 2.61
Installed Capacity > 3 Megawatt 2.39
4. Biogas (waste water/ waste material) 3.76
5. Biogas (energy plants) 2.79
6. Hydro
Installed Capacity < 200kW 4.90
7. Wind 6.06
Remarks

FIT 2017

VSPP (2895 FiT £Héa3k

FiT(Baht/kWhr)

FiT @

3.76

5.34

4.90

6.06

(Duration : &)

FiT Premium(Baht/kWhr)
Project in Southern

Durati io- j
uration B'((:i::te; p;oaj:e;;ts Border Province ®
Y (project lifetime)
20 0.70 0.50
20 0.70 0.50
20 0.70 0.50
10 - 0.50
20 0.50 0.50
20 0.40 0.50
20 0.30 0.50
20 0.50 0.50
20 0.50 0.50
20 = 0.50
20 = 0.50

(1) This Fit rate applies to a project that delivers power into the grid in the year 2017. After 2017, the Fitv rate will be increased based
on the core inflation rate. This only applies to waste (integrated waste management), biomass and biogas (energy plants) projects.
(2) Projects located in Yala, Pattani, Narathiwat and 4 Sub-districts in Songkla (Jana Sub-district, Tepha Sub-district, Sabayoi Sub-

district and Natawee Sub-district) only.
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B EA IR B B9 12 351 D HIEE - ABBHZE | I | 2007 4F 1 H 24 H—2009 423 A 31 H
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FR i 3

BAECE T35 O AP TRIZ I D 2R | R 2014 4
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BREEA
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7 LhEAL EMS W% TOA #: T3 0 BARIC KI5 78
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(2) BE - FEZzRLHHAG - BRIITOME

Exi 10kW ~ /LB L o XJa . CRFEHER & A )
Ay 7 () TEAS T 10kW
TEAE SR 10.5m/s
0 — X B 2.66m 3kW ==y |)
L L XAME 35m BkW==v h)
7y b A R 3.0m/s
By M7 TR A 16m/s
H
TR - JBME B 3 #28E(200V, 50/60Hz)
HE #1,220kg
ESRE WK OULRSBETE L7 Lo REEL T, HERT o A L3R

BIZER L X &AM 5 2 & ¢ REL T2 T A[EY
A ROJEH & U K 3 (5O EE B ATREE T 5,
ZOAH=A N (K 1.4 Z8) 13, R XX HAE
T oM (v~ ) DREIITH] & IATe 22 55UREE &£ 1.5
fRIIEEE S, £o, BAA= 3 F—(TEUED 3 FlZELH]
THZEND, Hin LR 3 HORBENGLNDIE NI HO
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12000
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5 [10000
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Wil . U 7L 0 R
1.5: 10kW < /LFJREDOREE
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oV al=e 3 F 1A
P
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@ VO Ff

T L= R bRAT DB E R L X DOPNEEE L
WL, BB EOREE /257 L— PR A, 22k
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ML, £RL o RZIEFEDHITL)

Noise level [dB]
80

— 100kW WL

= Conventional 100kW

T A REENC
A 60dB &.
ERHTERLANIL

NS

70

L00KW " Conventional 50
Wind lens 100KW

u{:.';_w Conventional 40
| Rotor D 13m 22m 30
Hubheight|  23m 24m 0 100 200 300 400
Rated 100 kW 100 kW Distance from turbines [m]
Power
Hil: U787 40 R
1Y . N —_
BJ 1.6 1 100kW 4 oD B I E it R
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1| m omw (RBLEEH PP
7| =@ 124 6.20
AF e 7| sm 0 0.00
2 | otex3mE %Xéﬁ?w]/ k. YPAYAOH
) : 7| =@ 0 0.00
et s 7| sm 94 4.70
3 we x |HFREWOE YTLOAN
; 7| =@ 74 3.70
E car 7| #m 40 2.00
4 | oeE3mE %Xéﬁ?w]/ k. Y7AYAH
) : e 25 1.25
(A AHD) B | stm 29 1.45
5 Ba B |mrxEzE| 1 MK
ER B | = 29 1.45
(A AH) B | #m 13 0.65
8 | me az |AnzsEzm| 4 A KL
WEREREY B | =@ 13 0.65
WS .
AR B | stm 18 0.90
6 | PRFFR|mrnmrE| 4 AMKE
fran B | =@ 18 0.90
E E " "
(AR B | #m 6 0.30
(2016448 . =
7 AnsEEE| 4 A K
i B | = 6 0.30
B | stm 3 0.15
(ShEBAH)
9 | mm =g AL 4 MK
ARTH B | =& 3 0.15
B | #m 3 0.15
(S AHD)
10 EE A 4 A KL
AR P B | = 3 0.15
B | stm 3 0.15
| o
1M | x2 #w= AL 4 MK
ARTH B | =& 3 0.15
B | #m 0 0.00
12 | B mm | QR4 K
e B | =@ 0 0.00
(AEAFD N 23 1.15
13 | m2 B |corxEr| 3 o E
LBIR - BR e 23 1.15
A H— N 6 0.30
(ShEAHD) _
14 (201653 & | = N 3 mEZEAH
) R SRR NEE 6 0.30
ED AR N 0 0.00
(A AR -
15 | 01648, | . 3 oS
R omE) | FRHREE = NED 0 0.00
Ak @A N 9 0.45
16 | (olewamm| VLA |y mEES
) BRI NE 9 0.45
17| Gorosran. LA | mEEn o ’ o1
HKDES) I e 8 0.40
w7 N 4 0.20
(A AH) _
18 | oles3pm 5 mEES
& % R A | =@ 4 0.20
N 2 0.10
e (ShEAH) -
19 | =z Bx 5 o E
FRMEETE = A =4 2 0.10
wA sal | OTEAH) B | #m T 0.55
20 | corEipe | ETEE G, P EE
Y e B| s T 0.55
— [€2%:i =
» | @uEs |mTeE | — L L 0 0.00
~. BAD%E W) 'Y it = B | = 0 0,00
) F 4l i :
e PNl B 9 0. 45
BIEE (i ATEl :
2 | mh s BTEEM) m BE .
RAAS B | =@ 9 0.45
3 27,65
370 18.50
147 7.35
127 7.35
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@ &M

BUED & 25, FZREY A MR RBIREEER JOREAKZEALTEY, €D U X b

)R+

IETTROEY Th D,
*23: EEMY XD
i E e ff wAZAE|  mESE
T—AHEEERBOX- EERE—R BAEVVI5—R

1 BE 1 = 53.82 2015/7/18 | Y-T4> T SEPEA

5% 27 e HAk
001]|£*FE 2% (BIRFA)  [Armrester (for Power Source) [MAAC-200 1 |pc 0.50 . AL
002|535 #& (LANFR) Arrester (for Ethernet) MDCAT-5E 1 |pc 0.15 AL AL
003|BiRZYT Power Supply Tap RD81-4A 1 |pc 0.60 AL AL
004|RAvF> %5 /7T [Switching Hub EHC-GO5MN-HJB 1 |pc 0.27 AL AL
005|FL—% 5A Breaker 5A ABS-32FB-5A 1 |pc 0.31 AL AL
006|LAN—2JL 3m Ethernet Cable 3m LD-CTT/BK3/RS 1 |pc 0.09 AL AL
007|LAN—TJL 1m Ethernet Cable 1m LD-CTT/BK1/RS 1 |pc 0.04 ALt AL
008|#EHAR 2sq Grounding Wire 2sq IV-2sg-2m 1|pc 0.10 . .
009]#E AR 5.55q Grounding Wire 5.5sq IV-5.55g-2m 1|pc 0.14 . AL
010| LR IEIIR Resistance Temp. Detector |[TCPC3.2-100 1 |pc 0.02 - BLE
o1|ieEx e Insulation Support Base  [MJSD20-6P 2 |pcs 0.02 . Bk
012|RJLkM6x12 Hex. Head Bolt M6x12 M6x12BT 3 |pcs 0.01 AL AL

FIUTEEAR illi

013 'L;\;;B\ﬁ AN Y Ec;l;:?n:esidrez/rzlhps M6x8 8 |pcs 0.05 . AL
014 ?C?%ﬂzl@i M6x19- a\éizs;z_?d Flat Washer M6x19-1 7 |pcs 0.01 . .
015 (X1 FE & M6 Split Lock Washer M6 M6 SW 7 |pcs 0.01 . AL
0167wk M5 Nut M5 M5 N 5 |pc 0.05 Bt AL
017|7F L2 —F CR Rubber Sheet CRG50X1000-2 3 |pcs 0.36 ALt AL
018|4vE> Y Rl Flat Head Tapping Screw ~ [SUS 4.1x20mm 20 |pcs 0.06 . .
019|—7 Lok |Cable Tie Mount HRILE 20 |pcs 0.02 - AL
020[7L* & Flexible Conduit MF-16K 1 |pk 8.00 ALt AL
02139 % Tube Connector FPK-16FK 10 |pcs 1.00 . .
022| 7wy End Bushing MTV-16 5 |pcs 0.50 AL AL
023> — LT Seal Putty MTKB-SP 1|pc 0.30 BL AL
024| B P FIL Conduit Clip SPF-22 50 |pcs 0.50 Bt AL
025| R—JL/ Uk Pole Band POB10-50M 1 |pc 4.00 AL AL
026|/ N\ F#EfTEE  |Band Clamp POB-C 20 |pcs 0.20 AL AL
027 ?é;l)l:/_\‘/ﬁﬁ{% g;c::zction Cover for Pole  |POB-P10 10 |pcs 1.00 . AL
028|EesR T E Fish Tape BX-4030J 1 |pc 0.50 AL AL
029|&t+RIFAPC PC for Measurement CF-195W1ACS 1 |pc 23 AL AL
030[FrE R vk Cabinet ORB20-56 1 |pc 18.30 ALt AL
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031

FT—40f—

Data Logger

GL820

pc

0.90

= Sl
032|325 (LANA) Arrester (for Ethernet) MDCAT-5E 1|pc 0.15 . B
034(&EE 25 (BIRMA)  [Arrester (for Power Source) [MD7AP-200 1{pc 0.09 Bt [
035 %E‘é)ﬁ%(iﬂ'ﬁ%#&ﬁ Arrester (for RTD) MD7RB-FGO 1{pc 0.07 AL Bt
0368+ 28 (242 =X1E S |Arrester (for 2-wires Signal [MD72W-1600 1 {pc 0.07 _ _
A Cable) AL mE
037 ﬁ)ﬁa%ﬁ(sﬁiﬂﬂ:ﬁ? é:zls;;zr (for 3-wires Signal |MD73W-320 1|pc 0.07 AL B
038|EBRE2YT Power Supply Tap RD81-4A 1{pc 0.60 Bt .
039|[fE 5 ZE#1=yF [FV Converter Unit NA 2 |pcs 0.20 AL B
040 | AR IEHLIA Resistance Temp. Detector |TCPC3.2-100 1{pc 0.02 mL [
041]TL—H3A Breaker 3A ABS-32FB-3A 1|pc 0.31 AL AL
042[DINL—IL DIN Rail NS35-7.5 1|pc 0.08 AL AL
043|7—R/\— Grounding Bar EBA-20-5E 1|pc 0.07 AL AL
044|ieZXHE Insulation Support Base ~ |MJSD20-6P 4 |pcs 0.04 AL .
045|7—Z#4aL M5x10  |Grounding Screw M5x10  [BP46-M510 4 |pcs 0.04 AL AL
046|230 ILIZ 48 Equal Angle Bar 50x50xt6-500 2 [pcs 448 Bt BL
047| %30 1258 Equal Angle Bar 30x30xt6-500 2 pcs 1.38 B .
048| R wRARJLIM10 [ Threaded Stud M10x500  [M10xL500 4 |pcs 0.72 AL AL
049+ vM10 Nut M10 M10 20 |pcs 0.24 AL AL
050| FEE£M10 Flat Washer M10 M10 24 |pcs 0.24 AL AL
051((£4aEE£M10 Split Lock Washer M10 M10 12 |pcs 0.12 Bt AL
052|7RARILE Hex. Head Bolt M10x30 ~ |M10x30 4 |pcs 0.10 B B
053 Ef/i(;/lﬂ‘y79’f Cable Ties (small) T18R-W-100 1 |pk 0.10 AL AL
054 Ef;;/:l.l]‘y75"f Cable Ties (middle) T30L-W 1 |pk 0.20 AL AL
055 Efj‘g)’/lﬂ‘yWi"f Cable Ties (large) T60R-W 1| pk 0.24 B B
056|387 —2 )L (7| Power Cable (for Control |CVV-S 25qx2C-10m 1{pc 1.30 _ _
=ER) Room) £ AL
057|154 (4R FREA) |Signal Cable 2C ?(;/n\fs 1.255qx2C- 1|pc 1.20 Bt B
058|155 #& CREETF) |Signal Cable 3C 108/\/-8 1.25sqx3C- 1|pc 140 AL AL
m
I8H-—=K BAEYV IR
2 BE = 9.08 2015/7118 | ¥ T4~ T HEPEA
(954 27 E YAk
001|TE%s Tool Box W— )L/ —490 1|pc 1.50 AL AL
002[7ZHILTRE— [Multi-meter KU-1188 1|pc 0.30 AL AL
003|V 7 vk >F v |Socket Wrench Set ESR-2346M 1|pc 2.00 AL AL
004[EETE Crimp Tool AK15A 1{pc 1.00 Bt Bt
005|7RFL>F vk |Hex. L-key Set SLBWO9IMEL 1|pc 0.50 AL AL
006 ;;34/§t‘yl~8$.‘ﬁﬁ Screwdriver Set ED-790 1|pc 0.20 Bt AL
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007 ;J;z:s;;ﬁi_')")")lz Steel Metal Snips TRD-0S pc 0.50 BLE AL
008 i‘;l:ti}—/a‘/l/ Combination Wrench Set  |12-203 pc 0.30 AL AL
009|Z>HRUF Long-nose Plier TPR-150 pc 0.10 BL AL
010|=w/3— Wire-cutting Plier TPN-150 pc 0.10 Bt AL
onfRrF \Wire-gripping Plier TPP-200 pc 0.20 AL Bt
012 ;;nfnby:f- Adjustable Wrench 250mm | TUM-250 pc 0.50 AL Bt
013|avENTT Combination Hummer NA pc 0.50 AL AL
014|BEIRS4/3t vk |Insulated Screwdrivers EDS-C2/S6.0 pc 0.20 - -
015 ﬂ'\;lgz}lz:)‘XF Wire Stripper PP707A-200 pc 0.20 At AL
016~ T XS R Screw Plier TG200NA pc 0.10 Bt AL
017| &> F L2 F150mm [Adjustable Wrench 150mm | TUM-150 pc 0.10 Bt AL
018|Av 52— Cutter Knife 192B pc 0.10 BLE AL
019|A5—T 1V (#k) |Aneealed Wire #12(92.6mm)-14m pc 0.30 AL AL
020V REET—7 |Curing Tape T-800 pc 0.05 AL AL
021 33—*5*&5%7‘—— Duct Tape #7562 pk 0.20 - AL
2|lE=iLT—7 Electrical Tape #21 pc 0.03 AL AL
023]#afEFrvIT K Insulation Tube (Large) LP TIC-8-WH pk 0.01 . AL
024|#5&F T Insulation Tube (Middle) DZ-TCE3.5W pk 0.01 AL Bt
025|#f&Frv T/ Insulation Tube (Small) DZ-TCE1.25WL pk 0.00 Bt AL
026 é‘;’iﬁ%—?‘mﬁ Insulation Cap PH-621H pc 0.00 - ALt
027|F>>—%—AM |Plastic Box N-W pc 0.00 AL AL
0288 F ALFZ Ring Terminal R2-4S pc 0.01 BL AL
029|L3mF SEBAS Spade Terminal 2Y-4N pc 0.01 . AL
030[ L3 F HLfZ Ring Terminal R2-5 pc 0.01 BL AL
0313w F HLz Ring Terminal 1.25Y-3.5 pk 0.01 AL AL
032[[FA =T Soldering Iron #500 pc 0.05 AL AL
033|(F AT Solder FS601-02 pc 0.01 Bt AL
034|BUR#EF 1 —T 96 [Heat-shrink Tube D4 D6-0.5m pc 0.00 BLE AL
035(ZUR#EF 1—T 94 |Heat-shrink Tube D6 D4-1m pc 0.00 AL AL
B -REe Y —-—JILE BAEV 5]
3 BE = 15.73 2015/7/18 | T4 T SEEPEA
402 27 e H Ak
001|EmE Wind vane NRG 200P pcs 0.20 - ALt
002| & &+ Anemometer NRG 40C pcs 0.28 . AL
003 Jibz.j:‘r'r—ﬁib Electric Cable for Anemo. /2-\3\;2020(0.55q) pe 0% oy B
004 ELJZ.::‘VT—j)L Electric Cable for Anemo. 5\3\;?20(0,55(]) pc 1.35 . AL
005 El.l'ﬁ'l.::‘f’r—j)l/ \I/E;ceinc Cable for Wind /3\3\;@020(0.55(]) pc 1.20 BL B
oos|EmET—T L aenztrlc Cable for Wind 2\3\;2020(0,55(]) pc 1.80 . AL
007 |[BX{F T — L Mounting Boom SMB1.5 pcs 10.00 BL B
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@ Fnith

® 24

(10kWMULTI ROTCR SYSTEM

@5t (Ship to) :

1.5 MW Wind Turbine Substation,

Moo 2, Chathing Phra sub—district, Sathing Phra district,

Songkhla Province, Thailand 90190

Mr.Yuttachai Kongchoostri
@#krFE (Date)
2017%#18 (Jan 2017)

JREAIRBISR U 2 b

1) FLEEER
@& (B) e |HRES
= . Net
No. |f% (Japanese) I tem (Engl i sh) Part number (Nbdel ) Gy. | veight
kg
1 EIE2S Power Conditioner CEPT- W ABAPSBA 3 47
Control |l Box J-CRWOEQ1-ZA-S 3
Controll Box Stand CRWIOEQ1-7A-S 3
Date Logger HBRK-02-S 3
2 |Ese Brake Lhit System HBRK-02 3 69
- El enent B-1100-2-S 3
El enent NEG3C 30A 3
El enent TS-240C-5M 6P 3
Brake unit Case PRVBBO1-7A-S 3
CGrcuit Breaker Box J-PRWIOE13-7A-S 1
El enent PRWIOE13-7A-S 2
. .. Plate PRALOE12-7A 2
Sl E g e Box S12-2535 | 3
Br eaker NE103C 75A 1
Terninal bl ock TS-240C-5M6P. 1
SlA > &4 &-(38F v /(&) I nductor in Case 195G50-ND 3 18
6|2 [F28 Transforner (5 k VA NTPH 5KSEY BkVA 3 30
Gener ator &Hib Assenbl y J-V\ER3000 3
Gener at or VEB3000 3
Bearing Spacer ¢ 73X $65.9% ¢37.3L 3
I == Beari ng(601377) &Msher 601377/ BN 12 3 90
Hib and others CRWOH)1-7B-S 1
Beari ng(621377) 621377 3
Lhut N4 N4 1
Center Armwith Nacelle J-CRWIOND1- YA 1
Nasser CRAWIOND1-YA 1
- _ . Center Arm CRWI0A31-7A 1
§ |PRT—La=vt Eyebol t EB-\24 |
Cap Screw M2 X 60 12
Armflange PK KR 0AQ3-ZA 1
Side Amwth Yaw & Macel | e |J- CRWOTONRD3- ZA- THAI 1
Tower CRWOTONFRO3- 7ZA- THA 1
Nasser CRAIOND1-YA 2
Side Arm CRWI0A32-7A 2
9 |a—7—r@Era=v Under Support Ot her CRWOA33-ZA-S 1 740
Bearing Nut AMIQ 1
Beari ng Wsher AMOX 1
Cap Screw M2 X 60 24,
Armflange PK KR QAQ3-ZA 2
1007 L —F (3&/set) B ade 3K-B D CF-001 3 9
Wras 72— O ffuser 10K-[FS- 8PAR-001 24 45
12l 7 2T 4 (Asy) Dffuser Stay Assenbly CRWODI4-ZA-S 9 20
13 » 274 (Bpe) Dffuser Pipe Arm CRATOD02- YA 121 27.5
14 7 T4 (Pate) Dffuser Stay (AKB&O ICRNOMA-YA-S 24 37
15l » ZR—=7 (&S D ffuser Spoke(1) &S SUS304-S 36 38
16 275w bk Roar Snnke Rracket (RN OMA- YA 3
1 7z Vi % v JRear Spoke Bracket Cap KRWODL7-7A 3 9
18| REF— Spi nner PRATOND3- YA 3
19| 7 —LYHR—F Ar m Suppor t CRAL0A33-ZA 2 28
Dynanic Braking Switch Box|J-CR16-56
Box CR16-56 1
20 | 7L —FKRy IR Cover DCS 3P 60A 3 25
Terninal B ock TS-240C-5M 6P 3
Fl enent 1
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Dunp Resistor Box

J-PRWOCWD1-YA-S

Dunp Regi ster Box and others

PRWLOCLOL- YA-S

2L F)VFa—7F (K) bm

Spiral Wap KS25x?29

P (F) 5m

Spiral Wap KS20x 23

P (“\) 5m

Spiral Wap KS12x15

47— 7 (0. 7550 1C 0. 2m

Cabl e(0. 75sgx 1G 0. 2m)

4 — 7 (0.5sqx 1G 0. 2m

Cabl e(0. 5sgx 1C, 0. 2m

—

47— 7 (5.55q%x 1C 1m

Cabl e(5. 5sgx 1C 1m

47— 7)1 (0. 7559 % 2C 1m

Cabl e(0Q. 75sqx 2C 1m

o 1
21 |EREBRA Y 7 2 Resi stor TRH/50G 120 J-C8 15
Terninal block TS-240C-5\M 6P 1
22|42 (FlEm ) Pover Condi ti oner CEPT-\WL ABAPSBA 1 47
24| F T (P D Generator (spare parts) VWAR3000 1 60
2|7 L —F (FlE@. 3&/set) ade(spare parts) 3K-B D CF-001 1 9
26|45 #& Box Enfst /> K (PVHAQ) Pole Fix Band P\ 540 1 6
AL 4B Bol ts
CS M0x40 P3 SIS Cap Screw M0x40 P3 SIS 50
CS M x40 P2 S5 Cap Screw M x40 P2 SIS 200
+ v + MO SIS Nuts MO SUS 200
Fv b M SIS Nuts M SIS 200
7w M SIS Plain Vsher M SIS 350
27 7 v v MO SIS Plain Vsher MOQ SUS 200 15
ty bR Ya— Mx8 SIS [Set screw Mpx8 SIS 20
27V 77y v SIS Spri g \Msher M SUS 200
27V 77y % M2 QWS |Sprig Washer M2 SIS 50
Urv b M SIS UNuts M8 SUS 50
CS M2x40 P3 Cap Screw M2x40 P3 Steel 15
CS MO0x40 P2 Cap Screw M0Ox40 P2 Steel 18
Zvix M6 Plain Wsher M6 Steel 20
HIL 3B Bolts
CS M6 x45 §k Cap Screw M6x45 Steel 60
CS M2x30 #% Cap Screw M2x30 Steel 70
CS M2x85 % Cap Screw M2x85 Steel 50
8 RFV T 7y v M6 % Sprig Vasher M6 Steel 60 15
+v b M6 % Nuts M Steel 20
CS M x20 P2 SIS Cap Screw M0x20 P2 SUS 50
JL7v>v MOH Rubber Vésher MO 40
e 7 v > v MOA Tapered Vsher MO 15
F—=7 027 —H, 13m Cabl e(for Tower, 13m SYMF3x5.55Q (2501) KV 4+ 1
29| — 7 )L (5. 5sqx 3C_90m Cabl e(5. 5sqx 3C_ 90m VCT 5. 5sgx 3C 1 40
b Threading Wre 1
01X b (2m Duct (2 1 1
£ &% (22sq) R22-8(6(E) Sol derl ess Terninal R22-8 1
|[F &% 7 (14sq) R14-8(4E) Sol derl ess Terninal R14-8 1
[T & i 7 (14sq) R14-6s(41E) |Sol derl ess Terninal R14-6S 1
| [T & i 7 (8sa) R3-5(144@) Sol derl ess Terninal R8-5 1
[E& T (8sq) R8-5S(144E) Sol derl ess Terninal R8-5S 1
[E&5 T (5. 5sq) R5.5-6(10fE) |Sol derl ess Terninal R5.5-6 1
|[£ 7= 57 (5. 55q) Rb.5-5(16&) [Sol derl ess Terninal R5.5-5 1
|[F &% (2sq) R2-5(164#) Sol derl ess Terninal R2-5 1
[EFEimF (1. 25sa) Rl. 25-5(10M@|Sol der | ess Terninal Rl. 25-5 1
EEHF(12.25a0) Rl 25-3(20@|Sol der | ess Terminal R1. 25-3 1
E=—F—7 PVC Tape 7
RNV R (K) Tie-wap TB-350 1
Vi () Tie-wap TB-280 1
Vi (@N) Tie-wap TB-150 1
ffafkE v v 7 Terninal Cap TIC8 1
s Ternminal Cap TI(5.5 1
31 Vi Terminal Cap TIClL. 25 1 10
1
1
1
4
2
6
4
1

ERTr—2R Case wi th Screws

Y Mx10 P3 SUS Screw Mix 10 P3 SIS 10
Y Mx12 P3 SIS Screw Mix 12 P3 SIS 13
2> Mix20 P3 SIS Screw Mix 20 P3 SIS 24
2> Mix20 P2 SIS Screw Mix 20 P2 SIS 10
¥ Mx10 P3 SUS Screw Mbx 10 P3 SIS 20
¥ Mx10 P2 SIS Screw Mbx 10 P2 SIS 20
Y Mx15 P2 SUS Screw Mbx 15 P2 SIS 6
¥ Mx12 P3 SUS Screw Mpx 15 P2 SIS 4
77ty b b M8x16 SIS llbset head bolt Mx16 SIS 30
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FZ XA Nbx10 SUS Truss head Mpx 10 SUS 20
x> Mx12 SIS Butterfly Screw Mix12 SIS 20
2 Mbx10 P3 #% Screw Mbx 10 P3 Steel 20
Y Mx8 P3 % Screw M x8 P3 Steel 20
ER Mx_ 8(20fBA) SUS Screw 4 x 8(20pcs) SUS 1
B2 M x10(15EA) SUS Screw 5% 10(15pcs) SUS 1
Y= 7ar o x— Surge Protector 6
B/ 17 PVC Pi pes 2
T=TNTZ R Cabl e Ground 6
Ja Xy bk SG20A Grommet 4
ALk MOx80 (SW) Bol ts MOx80(with SWSteel 6
v bt MO % Nits MQ Steel 6
31 Rk M6x25 (SWWH #%  |Bolts M6x25(with SWWSteel 6
HIL b M6x65 (SWWNE) $ [Bolts M6x65(vith SWSteel 4
1R S-60 Stopring 4
| SERR—Y Mt al Spacer 13
QY >~ [269. 4rm O-ring 269. 4nm 3
QY > 7" 815. 4nm O-ring 815. 4nm 3
QY >Z Dllnm O-ring Dllmm 20
27y F Fl ange packi ng 1
i FE( L 24 7) Joint (L type) 1
Ny R (AE : fBid€8) Band(accessori es Fastening) 1
ZL—%31=v t (FH) Brake Lhit(spare parts) 1
| 1225 7 (20g) Adhesi ve agent 1
vary—5> k(50g) Silicone seal ant 1
WA TS A — Stopring plieys 1
LR CRAE) Bol ts(spare parts)
CS Mx30 P3 SIS Cap Screw M x 30 P3 SIS 6
CS M2x40 P3 ¢k Cap Screw M2x40 P3 Steel 6
CS M2x60 % Cap Screw M2x60 Steel 6
CS M6x35 P2 Cap Screw M6x35 P2 Steel 6
CS M6x60 P2 $ Cap Screw M6x60 P2 Steel 6)
32|m4> Mx20 SIS Flat Head Bolt MBx 20 SUS 6 4
v b M2 % Nits M2 Steel 6
7y v M6 Plain Washer M6 Steel 10
7v v M6 $ CapMA Plain Vsher M6 Steel for cap screw 10|
7viv M2 % Plain Washer M2 Steel 10
27U 7y M2 S5 |Sprig Washer M2 SUS 10
2FY Ty w M2 $% Sprig Wsher M2 Steel 10
Total 1588. 5
2) X7 —Hf
*ZE = =
No. |f#% (Japanese) I tem (Engl i sh) Net
" Qty. | Weight
kg
UTEET — Bot t om Tover CRWOTONFRO1 - ZA- THAI 11 1000
2| R 7 — Mddl e Tower CRNOTONERO2- ZA-THAL 11 1000
AHEY b FL—F Bracket CRNOTONRDS-GB 4] 220
Wre Rope J -1 VWROBXVE( 36) 4
6|74 ¥V—n—7 Stay | WROEXVE(36) 36¢ 12m 4] 260
[ead Fyve Thinble B - X 36mmA 8
Turn Buckl e(accessories Pin) |J-& - = 36mmFH
Ng—vy oL (tE: E45)|R gging screw & - % 36mmH 4] 240
Bondi ng_bol t Ho XM5X1721 4
1A b HN— Bolt Cover 40 3
MEIDIS Bol ts 3
FoL b MAX110 $% Hexagon Head Bolt M24x 110 Steel 20
13 AL N Bol ts 10
AL b M2x100 §% Hexagon Head Bolt M22x 100 Steel 30
14 I | Bol ts 17
v b M4 K Nits M4 Steel 180
AL 58 Bolts
BIET vy v R4 8k Plain Washer M4 Steel 150 10
T vw M2 % Plain Washer M2 Steel 60
AL M3E Bol ts
16 Ty bk M2 % Nits M2 Steel 100 11
TV 7Ty v M2 #  |Spring Wsher M2 Steel 100,
27V 70 M4 $#  |Spring \Wsher M4 Steel 80
Total 2779
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3) #HRE

zzg | O =
o . Net
No. |24 (Japanese) | tem (Engl i sh) Gy, | véight
kg
UN—= Base 2 160
AKX o=y bFHEES) |Support 1 90
334 7 (2m Pi pes 10 21
A TR > T d anp 4
A TR v v FR=R Jack base 2
P AL ZHEEY ¥ v ¥ Jack 2 10
A TR a4~k Joint 6
UrJL b U-Bolts 6
MOF v b (20E ) $kX v Nits MO 1
Total 281
4) T8 B8 HERZS
ﬂ” = | O F =
o . Net
No. |24 (Japanese) | tem (Engl i sh) Gy, | Vi ght
kg
1| TEF - A Tool Box - A 30
FAXY—=X b vsi— Wre Stripper
FETE Cri npi ng_Tool
N ZAT Sol dering lron
N & Sol der
T ZIVKFZE Degital Level
AR YL (v b) Drill Set
INAERER YL 4 3mm Dill 4.3mm
ZLEXS TN v T b Fl exi bl e shaft
v Ny KL Tap Handl e
Ny R&EYy T M2 12mm Tap
Ny P&y 7 MO 10mm Tap
N Ry T NS 8nm Tap
N REYT M 6nm Tap
N RZYT NG 5nm Tap
N ERYT M 4nm Tap
FEEIE X A Cable Cutter
hyR—=4+47 Kni fe
FZ A/~ Screwdriver
R F Pliers
— v/ CQutting Pliers
I Y NA Rubber Hanmer
NI — Hanmer
FOR/¥F (32 36) Doubl e-end Wench

mOR/XF v b

Doubl e-end Wench Set

AHALVF £y b

Conbi nation Wench Set

ErF—L vF 300mn

Adj ustabl e Wench

ErE—L F 200nm

Adj ustabl e Wench

Vv b TETE— 12.7x19

Socket Adapter

ZFzy b - VTvbLYF v b

Ratchet - Socket Wench Set

RELYF y b

Hex Wench set

RAL>F  14mm

Hex Wench 14nm

RAEL>F  12mm

Hex Wench 12nm

ZFrzyv bL>F 32%x36

Ratchet Wench 32 x 36

BN RS A= 4y b $33010mm

Screwdriver Socket 10mm

BEINFAN—V 4y b A§013mm

Screwdriver Socket 13nmm

BINE A /N—> 4y b 493024

Screwdriver Socket 24nm

BHFIAN—BTXT L 33012. Tnm

Screwdriver Socket Adapter 12. 7nm

Yy b 3i236nm

Socket 36mnm

Yy b 334mm

Socket 34nm

Yy b 3i32nm

Socket 32mm

Ay 274y b 36

Long Socket 36nm

Ay 74y b 37I32mm

Long Socket 32nm

oL >F I

Torque Wench

XF ity b

File and Rasp Set

~NEHITV Ay b E6mm

Hexagon Socket 6nm

~AEFT Yy b 88

Hexagon Socket 8nm
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~FH IV 4y b 1810mm  |Hexagon Socket 10mm 1

~FH VY Ay b B812nm  |Hexagon Socket 12mm 1

~F¥H AV 45y b igl4nm  |Hexagon Socket 14mm 1

D Saw 1

ST Putty 4

FULFUFvv o Chuck for Dxill Bit 1

NATLVF Pipe Wench 1

ZAX—TZ Wre-Brush 1

TEM-B Tool box B (Pl astic) 1

[ IEE O — K Tap Cord 1

K7 b5 Z(220V-100V) Down_Tor ance(220V-100V) 1

2 YT ~)L b (IE75mmx 4m Sling Belt 75mmX 4m 2

2 ) > 7~ L b (1E32mmx 2m) Sling Belt 32nmx 2m 2

a—F>IhH> Caul k_Gun 1

BET—7 Packi ng Tape 1

0 —7'(30m Rope 1

T, Safety Shoes 1
5 NI Xy b Hel net 3 20

Fi Gove 2

FL G ove 1

Frecat:) Safety Belt 2

mE (hvs¥) Rai n Gear 2

RTVLRATIR Stainless Wre 1

2> U—hER(P5X70) Concrete Screw ¢ 5x70L) 1

Y 7r—7— Gear Puller 1

X4 7 (¢ 34x450L) Pi pe( ¢ 34x 450L) 1

LANT — 7L (2M LAN Cabl e 4

LANT — 7L (2M | AN Gabl e 1

TEHE-C Tool box C (Pl astic) 1

TORNTIILF A —R— Mil ti neter 1

HER Tape Masure 1

Cr 7> 7 (4in) C-clanp (4in) 4

CrZ>7 (3in) C-clanp (3in) 4

N—)L Bar 2

IEES Wi st _pouch 1

Cable Cutter T=TINhy R— 1

2D Saw 1

#ECd 4) (4400) Abr asi ve Paper 1
3/\°—/\°—"711 Paper W pes 1 10

RAINTIR W pes 1

mET—7 Doubl e Si ded Tape 1

O0—Z—=/\ Paint Roller Brush 6

O—5—n>vRL Handl e for Coating Roller 1

~Z Spatul a 1

772 2F v o RE (X) Pai nt Case 4

772 2F v oRE (N Pai nt Case 8

O—5—N\4 v kv b Pai nt Bucket Net 1

O——"7vk Pai nt Bucket 1

INT Brush 5

BB Yarn 1
HFEEEF IV Electric Hand Drill 2 5
Sl —>—+ Trap 5 10
OlA—b L~ - KK Spirit level 1 2
NA—bL~yL - =/ Tori pod 1 3
gl L>F (K) Torque Wench 1 3
Ol R~y Stepl adder 2 24

Total 107

WSEE kg|
Total 4755, 5
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Inspection of Anemometer
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Change Logger setting
9. EILHER

Operation
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Operation
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ZORTHET 4 — BN REXHEEHEEMN L T\ 5 PEADRHALHEL TS, 2070,
AR ANV —ZFEAT LI L TRT RS2 TNDET 4 —BARBEOB@EL T 5
ZLINTE BDARINT PEA N OHEHEASE SN TS,

F72. PEA T A EIZEIT 5 FIT ORE,/ELORFRIZOVNT, K, Adder (FIT LART
DB MNBEHERR) 7> 5 FIT IZBATT 2 BRI FEE A~ OB G 10 425 20 T
BEINRELRIMLTRY, XA [EHICBT DR REFEOREBINAEITI 20 FIT0LE
ThoD L TWD Z b, ARIOFEMEFANIC A 72 Bl E A 20 421324 T
D EDRMER LTS, BT, PEA I A [E TIERMEE 2 E AT 5 72 DI HAKR
2R 6m/s & LR T X B IER ICIRER TH D DIZx L, b o ARHIX 6m/s LLF T
LREENAETHY . HESE~OIEHALARETHD Z LD, ERTHRALT —BLRE
BT 2R FED L THMNT L, BAZEDTZWEREZRLTND,

L72rL., PEAFTA OBEST + —BARERFITEIZIRY R D 2 Lnb, A%, BES
T A —BARBELOTHETM G EE L T ZERFENEEZXD, £ T, XA [HL
MO AREIETHE L2V —FT v VB ERAFEOREZ X TOAENFEL TOILE, b
v AREOWE KB L LTERBND L L, & A EEEEREE 2 TOC SR K D1
WINERE L Ef L7-, FORE,. 74V EVEICBWTHREOREL L TWE D &
B L7,
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74 VEVEIZTI09 bOEA DBIBRIN TWABEBEFTHY  EIL3 >0 7 (L
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Wh, ZbHugidEE, (77U Nl SFEENTERY ., A7 7Y v RHldk~o
BRI 7 « U B U EOEE 3T & 5 National Power Corporation (NPC)3AIIER L 7=
Small Power Utilities Group’s (SPUG)3MT > TW A 23, FEHMAEmWZ ENFE E 7> T
b, Flz, A7 7V v RO E I 1T Socially Acceped Generation Rates (SAGR)IZ

Y RBRE &7z Bl CEAURHR A S - TV D 03, SPUG DFETE mmﬂﬁkﬂémﬁ%k%<
ERl> TSIz, REQRFFNAFELTEY, ZOEMTT 1V E U ERLOHEHEIC
S AHEINTND &V ) ENFET D,

Z T, XAEOHER~D L XEEE K ATREMEIZ D W TR L 72356 & [RER O 7
ETT7 4V EVETO L RAEE R ATREMEIC OV TR L, T72bb, Lo XEED
IR GEAlikE Z BED BIEETH 5 1,000 T E L, Z A EHOBRE & REROFRE RN 20 44—
OOFEL LTI L7z, ZOBA, 74 VEVEOAF 7 7Y v RHugizks T, # A4
[E OBt & AR BLIR O HAf2Y 63 F/kWh (18.96 THB/KWh)LA L, A= 3FH4 EGE DS 4.5m/s
PLETHNE, BEROAREMENFIAD D EEX BLD,

FOED, FTRINCT 4 VELEOF7 7Y v R EIT 5 R FH 722 R EHMICH
WTCHAE Z FEfi L=, £ 43124727 v R OFER 28 B HM & SAGR O E#k 4 &
‘j—o

* 43 F77V vy NHkOFEEEHANE SAGR (2009-2013)

By ¥ & Bl SAGR

[PHP/kWh]| [ 4 /kWh] |[PHP/kWh]| [F]/kWh]
2! 15 31 5.6 11
N2 17 35 6 11
N3 23 47 4.8 10
W 23 47 5.6 11
[/ 17 35 6.3 13
Y2 14 29 6.3 13
Y3 17 35 6.3 13
=7 d”! 36 74 5.6 11
NIV Svab| 19 39 5.1 10
SUET A2 12 25 5.1 10
SUXT A 10 21 5.1 10
NIV bl 22 45 4.8 10
DA 0) 19 39 5.5 11

*HaE -} ¢ 2.05 F4/PHP
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# A3ZORERLY, 74 VLV EOA T 7Y v FHUEO T E HAGIEZ 5 T 39 [/kWh
ThHhnHZEDHI LTz, Z OREHAMIL S A [EOBES CREM L 725 EHAM (63 M/kWh) (2
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# 44 BREEIIKT HEEBRUE (74 U EEH)

- 25 Ja
4.5m/s| 5.0m/s| 5.5m/s| 6.0m/s| 6.5m/s| 7.0m/s
B & [\ AR 34. 64F 25. 64F 19. 44F 15. 04F 11. 84 9. 54F

Ly R BEER A b 1,000 5 M
F 7 BT 19. 00 PHP/kWh
LR — K 2.05 [ /PHP
%% B IRE 8760 h/4E

74 ) EEETORGL (# S 20m) OFEMRIL X 420LB0 THY, ZORA,
SRR 5.5m/s L EOHUEIZ LY B XYY Y TIZEF L TWD I ERSND,
—HT Y BRIy ) 7 ORERITIT 4 U B ESEOR T EEZ DO TEY
74 VEVEIZ 7,109 HDED 9 B R 7 TR 5,000 DERFET D EZ L LN,
Fro. K42 k0 HE20m &SI T D EREEDS 5.5m/s Az HHUEIE, LY B &
O U 7 OmEOR 2EZED TN LB TEZ &0, 74V EVETLY
RJAHAE R TE D RIAADH 5 i, F U 7IZET 24 1,000 5 (9 5,000 & X2 El)
EEZLND,
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Mean Wind Speed (m/s)
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24 32 40 48 56 64 72

Resolution: 3km
Height: 20 meters
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U VY- B 7O L RO K FSAIL, K9 1,000 BAEET 5, 7277 L.

LI LIROBOE T o112, 41, 74 ) € ETRBIIC L Y XREOHAE
BT B IR A D L T B
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B PAK PHANANG WINDPARK 10MW
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DIERT %, 25352 LT, MESNEHO Y 227 bETE 5 & &b, REE - ]RFBIE
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Site map

The site for the “Pilot Survey for Disseminating SME’s Technologies for Wind Power
Generation utilizing the Wind-lens (the Project)” is shown in the below figure. In this
site, a demonstrative project for the other wind power generation is being conducted by

PEA and the site is the hub for enlightenment activities of wind technology to the local

residents.
N
Address: Sathingphra District, Songkhla Province
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Source: World Map (http://www.sekaichizu.jp/http://www.sekaichizu.jp/)
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A

Overview

Kingd f Thailand . . . . .
Pilot Survey for Disseminating SME’s Technologies for 2013 Year

Supplementary

nvironment Developing Wind Power Generation utilizing the Wind-lens

Energy
*Waste

Treatment Riamwind Co., Ltd. (Fukuoka Prefecture)

Outcomes for Thailand

Development Needs in Thailand
One of issues in Thailand is to
correspond to their increasing

power demand therefore
introducing RE and being not
depending on imported fossil
fuels is necessary. (AEDP* was
formulated targeting to
introduce RE up to 25% (2021))
> Many areas belong to low-wind
speed areas therefore wind

technology to produce power

even in low wind condition is
necessary.

Contents of Pilot Survey

/)v Verify output of the Wind-lens in the\
PEA’s site
» Consider dissemination method of the
Wind-lens in Thailand in actual
business.
> Instruct PEA’s staffs on O&M for the
Wind-lens to be introduced in the

Pilot Survey.
N %

* AEDP: Alternative Energy DevelopmentPlan

in Thailand

Technology and
Production in SME

> Learn know-how of installation work and

» Develop secondary industry by conducting

Budget
Pilot Survey

Deepen the understanding of potential for
introducing wind turbines in Thailand and
increase the amount of their introduction

O&M of the Wind-lens

local production of some parts except parts
necessary for the core technology /

established
Expand the sales in ASEAN area

Outcomes for Japan

Present

> Develop the Wind-lens with Kyushu
University and contribute to local
revitalization by entrusting SME in Kyushu
and Shikoku regions to produce the parts

> Produce the parts in Thailand except parts
necessary for the core technology and
assemble them in the local company

> Promote the Wind-lens to sell throughout
Thailand through a sales company to be




Outline of the Project

I . Outline of the Project

Name

Verification Survey with the Private Sector for Disseminating Japanese

Technologies for Wind Power Generation Utilizing the Wind-lends

Site Address

Sathingphra District, Songkhla Province, Thailand

Counterpart in Thailand

Provincial Electricity Authority (PEA)

Period

April, 2015 to September, 2018

Purpose

In the Project, availability of the Wind-lens will be verified by
introducing demonstration model of wind power generator composed of
grid connected Wind-lens (10kw x 1 unit) into the PEA’s site where
enlightenment activity is being conducted by PEA to residents.

Additionally, the O&M structure will be arranged by PEA for
sustainable utilization of the introduced Wind-lens in the Project and
dissemination method of the Wind-lens after the Project will be

considered as well.

Basic Policy

In the Project, verification activity of wind power generator under low
wind condition will be conducted by introducing grid connected
Wind-lens developed by Riamwind and Kyushu University into Thailand
which is searching technology of wind turbine suitable for low wind
condition.

Specifically, the below items will be verified and dissemination activity

will be conducted as well.

1. Demonstration & Dissemination Activity

(1) Analysis of Wind Data under wind condition of Thailand

(2) Verification of Availability (e.g. Power Generation
Efficiency/Quietness) of the Wind-lens under low wind condition of
Thailand

(3) Consideration of suitable selling price for the Thailand Market by
pursuing reduction of construction cost as much as possible by

utilization of local manufacturer, etc.

2. Business Development Plan
(1) Consideration of Business Performance of Selling Structure
(2) Evaluation of Possibility of Business Development

(3) Handover Ceremony, etc.

\"




Records of Activity

According to the items mentioned in the basic policy of the Project, the
records were as follows;
1. Demonstration & Dissemination Activity
(1) Analysis of Wind Data

Based on the result of analysis of wind data collected through 1 year by
installing the wind measuring device at site, annual average wind speeds

were 2.9m/s (10m) and 3.7m/s (20m).

(2) Verification of Availability (e.g. Power Generation
Efficiency/Quietness) of the Wind-lens under low wind condition of
Thailand

Based on the result of the above analysis of wind data, optimization
design (Modification of Blade / Diffuser / Interconnection Controlling
Device, etc.) of the Wind-lens (10kW X1 unit) was conducted and the
optimized Wind-lens was introduced into the site.

After the introduction of the Wind-lens, verification survey for 1 year
was conducted and verification of Power Generation Efficiency/Power
Generation Performance/Quietness, etc. of the Wind-lens was conducted.
Based on these results, availability of the Wind-lens under Thai wind

condition was evaluated.

2. Business Development Plan
(1) Consideration of Selling Price

By evaluating feasibility of introducing the Wind-lens into PEA’s diesel
generator in Ko Sichang island, dissemination conditions (Selling Price:

10 million JPY, Annual Average Wind Speed 4.5m/s) were summarized.

(2) Consideration of Business Performance of Selling Business
Selling business structure centering on ENCOM was embodied with
cooperations of Riamwind and N company and concerned parties assume

that this selling business structure can be realized in the future.

(3) Evaluation of Possibility of Business Development

Based on the result of feasibility in island, the dissemination conditions
(Selling Price: 10 million JPY, Annual Wind Speed 4.5m/s) were
summarized. Based on this result, dissemination potentials are 6 islands

in Thailand / approximately 1,000 islands in the Philippines in the case

vi




that the Wind-lens is introduced into island diesel generator.

(4) Handover Ceremony
The Handover Ceremony was held on March 29%, 2018 at the site and

the ownership of the introduced Wind-lens was transferred to PEA.

Issues

According to the purpose of the Project, issues are summarized as
follows;
1. Verification of Availability of the Wind-lens

As mentioned in the above section, there is no issue because we
confirmed of Power Generation Efficiency/Power Generation
Performance/Quietness of the Wind-lens and we evaluated the availability

of the Wind-lens can be verified through demonstration (1 year).

2.Establishment of PEA O&M Structure after the Project

PEA is conducting O&M for the installed Wind-lens in the Project and
there is no issue until now. Additionally, the high level O&M knowledge
has already been transferred to maintenance staff of PEA through Japan

training and half-year inspection at site.

3.The Way to Expand the Wind-lens after the Project
The following actions are necessary in order to expand the Wind-lens in
Thailand in the future.
(1) Adapting JIS Class IV in Thailand in order to guarantee security
(strength) of Wind-lens
(2) Summarizing necessary permits and approvals related to installation

of Wind-lens

Business

Development

In order to expand the Wind-lens in Thailand, consideration of
adaptation of JIS Class IV in Thailand in order to guarantee security
(strength) of Wind-lens and summarization of necessary permissions and
approvals related to introduction of the Wind-lens are important.

At present, PEA is considering internally of other projects after the
Project in order to expand the Wind-lens. Therefore, we would like to
suggest PEA to introduce the re-designed Wind-lens (10kW) into island

diesel generator in other projects which are being considered in PEA.

If this project will be realized and the above 2 issues will be solved,

security (strength) of the Wind-lens can be guaranteed, selling price can

Vii




be reduced dramatically and necessary permissions and approvals can be
summarized. Accordingly, this project will be able to enhance the

potential of expansion of the Wind-lens on business base.

Specifically, PEA will obtain budget from the government of Thailand,
the re-designed Wind-lens (10kW) will be introduced to PEA’s diesel
generator in island by the selling business structure which was considered

in the Project and PEA will operate this project by themselves.

II. Outline of Implementing Company

Name Riamwind Co., Ltd.

Address Momochi 3-10-19, Sawaraku, Fukuoka City, Fukuoka Prefecture

Establishment Date | March, 2012

Type of Business Machinery and Appliances Production

Main Product Wind Turbine Generator
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Outline of Production/Technology

Name 10kW Wind-lens (Grid Connected Type)
Specification Rated Output 10kW
Rated Wind Speed 10.5m/s
Rotor Diameter 2.66m (3kW Unit)
Outside Diameter of 3.5m (3kW Unit)
“Diffuser”
Cut-in Wind Speed 3.0m/s
Cut-out Wind Speed l16m/s
Voltage and Single Phase 3 Line AC (200V,
Frequency of Output 50/60Hz)
Weight Approximately 1,220kg
Characteristics The Wind-lens jointly developed by Riamwind and Kyushu

University can generate electricity approximately 3 times more
than the conventional wind turbines having the same rotor diameter
under the same wind condition by equipping the “Diffuser”
additionally to the conventional wind turbine.

This mechanism is that vortices (Karman vortex) generated by
diffuser accelerate approximately 1.5 times wind speed pulled into
rotor blade and output of the Wind-lens is theoretically provided in
3 times approximately because wind power energy is proportional

to a cube of wind speed.

“Diffuser”

Concentration of wind created by the lens
leads stronger wind to blade

P (amount of generation) o< 13 (wind speed)

blade @6
Rotor bla
" Karman
S vortex
cratadbyvaras”
wind S @ D )
Under atmospheric
pressure

oC

QOutput is increased 2-3 times com paring with conventional wind
turbine having same diameter of rotor.

(Source: iawind)

Figure 0.1 :  Output Increase Mechanism of the Wind-lens
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(Source: Riamwind)

Figure 0.2 :  Output of the 10kW Wind-lens

Advantages in
comparison with
products supplied

by other companies

O Larger Output

The Wind-lens can produce maximally 3 times more output in
comparison with conventional wind turbines having the same rotor
diameter under the same wind condition.
@ Production of Output under Low Wind Condition

The 10kw facility utilized in the Project can produce output under
low wind conditions (Cut-in 3.0 m/s)
@ Low Noise Pollution

Noise of wind generation is caused by the vortices generated from
blade tips. However the Wind-lens can suppress the vortices
considerably by the interference with the boundary layer within the
diffuse shroud. Therefore, the Wind-lens can reduce considerably
the noise which was the week point of conventional wind

generation to 60dB approximately.




Moise level [dB]

80

— 100KW WL

= Conventional 100kW

70

Just below the Wind-lens,
noise is 60dB maximally.
This level is similar to one
of electrical appliances.

60

100KW Conventional | gq

- . This shows its quietness.
Wind lens 100KW \
10\2‘11;}\’ Conventional 40
Rotor D 13m 22m 30
Hub height 25m 24m 0 100 200 300 400
Rated 100 kW 100 kW Distance from turbines [m]
Power

(Source: Riamwind)

Figure 0.3 :  The result of Noise Measuring Test of 100kW

(@©Highly Environmentally-Friendly

Covering the sharp blade with the round shaped diffuser creates
friendly images, so the Wind-lens will fit well in the surrounding
landscape. Additionally, because of rounded shape, bird strike

hardly occurs.

Xi




1. Outline of the Project
(1) Purpose

In the Project, availability of the Wind-lens will be verified by introducing
demonstration model of wind power generator composed of grid connected Wind-lens
(10kw x 1 unit) into the PEA’s site where enlightenment activity is being conducted by
PEA to residents.

Additionally, the O&M structure will be arranged by PEA for sustainable utilization
of the introduced Wind-lens in the Project and dissemination method of the Wind-lens

after the Project will be considered as well.

(2) Project Schedule

O~@ items were conducted as the Figure 1.1. The introduced Wind-lens was
changed from 3kW x 2 units to 10kW x 1 unit after analysis of collected wind data (1
year at the site), then procurements of materials were delayed slightly due to
consideration of the change. However, construction work was completed on schedule
(March 2017) without any accidents and verification work also was completed on
schedule (March 2018).

2015

2016 2017

Kick off* Equipmental survey* Contract with
local company, etc

®Wind measuring system:
Order/Transportation/Custom Clearance

®DWind measuring system:  Installation/Test

®DWind measuring system: Data collection

@The Wind-lens: Optimization

@The Wind-lens:
Order/Transportation/Custom clearance

@The Wind-lens: Installation/Test

(@®Demonstrative test: Data collection

@Dessemination activity:

Business model development

®Seminar and Japan training

®Environment and social impact consideration

@Safety management

e Record

Figure 1.1 :

(Source: Created by JICA team)

Schedule of the Project




(3) Implementing Structure

The implementing structure of the Project is shown in the Figurel.2.

Japan

JICA
-Management of the Project
-Management of Safety, etc.

. ®Leader of the Project
®Study on the Site

P ion of Wind M ing System
®Consideration of Specification and
| Production methods of the Wind-lens
| ®Dissemination Study
| ®Consideration of Business Plan, etc.

Thailand

PEA
+Provision of the Site
+Provision of Approval

of Grid-connection
+ D&M, etc.

Local Company
*Installation Work of Wind
Measuring System
+Installation work of the Wind-lens

éupponing Memlbers in Japan
[ ¥ 1

| YONDEN | | Yon -E | | Kyushu University
#Chief Adviser #Supervisor of Installation of #Design of Construction and
#Coordination of PEAand e Measuring System Electricity

¢ g in Thai pervisor of llation of Support for P
*Dissemination Study the Wind-lens Technology

#Consideration of
Business Plan, etc.

#Environmental and Social
elc.

]
|
i
i
|
| Related O
i
|
1
|
i
|
|

Impact A

#Dissemination Study
#Corporation to Consideration
of Business Plan, etc.

®Wind Tunnel Examination, etc.

Figure 1.2 :

(Source: Created by JICA team)

Implementing Structure of the Project



2. Records of Verification Survey
(1) Activities

(D Wind Data Analysis

A)  Wind Measuring Device

In July, 2015, high pole (22m) for wind observation was installed into
the foundation constructed beforehand, and wind speed indicator and [o] .-.

. . L. . . RN
wind direction indicator were installed at the points of 10m and 20m. i

[e]

@..

]

o Ig LR RRAIR
=

[High pole for Wind Measuring Device : A point]

HER

B)  Dataloga BOX, LAN Cable
At the bottom of high pole, data loggger box was installed.

Installed PC at Site Installed PC at Riamwind Office in Japan
C) Installation Point of the Wind-lens



At the beginning of the Project, installation points were selected as E or F point shown in the

picture below where are close to the control room and have good wind conditions.

E & F Points

However, the wind speed at site was much lower than expected based on the result of wind
measurement of one year by the installed wind measuring device. Therefore, the installed Wind-lens
in the Project was changed from 3kW x 2 units to 10kW Multi x 1 unit in order to gain more power
output and build value of demonstration model. According to this change, the E point has been

selected by comprehensive judgement including easiness of installation work, etc.

JICAZATAFRRAEE 20160831

EE=1600kg

§ 7 —=3200kg

B& (27 UWE) =43000kg
k— & JLATE00KE

Figure 2.1 :  Final Installation Point

D)  Wind Condition Analysis

Wind data for 2.5 years (2015.7 — 2018.3) have been obtained at the site. The average wind speed
is 3.10-3.76m/s at 16.5m (3m height base + center of weight of WT of 13.5m) for three years.



Table 2.1 :  Summary of Wind Data Analysis

"R | 20mheight | 1om height | 16.5m wind turbine height

2015 (from July) 3.91m/s 3.10m/s *3.76m/s
2016 3.68m/s 2.88m/s *3.54m/s
2017 (new pole & _ _

20m pole) 3.10m/s

*estimation from 20m height data using the power law of 0.2
(Source: Created by JICA team)

The wind condition in the site is divided into two seasons which consist of weak wind season (May
to October) and strong wind season (November to April). The results of wind conditions of those 2
seasons at 20m as below

FY2015 :  July to October 2.53m/s, November to March 5.52m/s

FY2016 :  May to October 2.55m/s, April and November to March 4.80m/s
FY2017 :  May to October 2.05m/s, April and November to March 4.14m/s
Average: 2.44m/s 4.83m/s

Based on these results, hybrid with diesel power generator and the Wind-lens could be useful under

the wind condition in Thailand if diesel power operates mainly ftom May to October and the

Wind-lens operates mainly from November to April.
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/\w l 2.19 2.15 2.11 enough
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Month

(Source: Created by JICA team)

Figure 2.2 :  Monthly Wind Speed Data for FY2015-2017 at the Site
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@ Verification of Availability of the Wind-lens
A) Optimization of the Wind-lens

[Improvement of Blade]

Large load at bottom of the blade will be occurred by control action
under strong wind condition, and the same situation will be happened
at the time of utilization of lightweight CFRP blade.

In the Project, the blade which is consisted of synthesis structure of
CFRP and withstands large load has been developed. The developed
blade can be utilized for strong wind condition such as typhoon in

Southeast Asia.

\L Flange Height

[Improvement of Diffuser]
The flange height of diffuser was improved from 10% in
conventional type to 7.5% in order to reduce wind pressure.

On the other hand, although this change causes lower performance,
lower performance can be compensated by improvement of length
of blade.

This change of diffuser can improve safety of tower of the

Wind-lens under strong wind condition.

[ Controlling Box for Grid Connection]

In the Project, controlling box for Thailand (230V) was
developed. The picture shows brake unit which is installed into
the front part of controlling box.

By utilization of this blake unit, voltage fluctuation of the
Wind-lens is controlled and sustainable electricity can be

supplied to controlling device.

B) Production / Transportation / Installation of Parts of the Wind-lens
Considering transportation cost of the Wind-lens to the site, the tower was re-designed.

Especifically, the main part of the tower was divided into 6 meters squre which could be taken in
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cargo. Remaining part was re-designed as the figures below.
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C) Part Transportation from Japan
In order to shorten delivery date, foundation parts and other parts such as lens/tower were
transported separately. Regarding the latter parts, they were transported from Hakata bay to site

directly by entrusting same company from the view of efficiency of transportation.




D) Installation
@Foundation construction
[ Site work]
The foundation construction of the Wind-lens was conducted from 6" to 18" February 2017

under the Yonden Engineering supervision. .

[Positioning]

Yonden Engineering measured construction point with
PEA and local constructor, then they decided to move
the construction point slightly from original planning
point to sea side in order to avoid the impact to high

voltage cable of the existing 1.5 MW wind turbine.

[Excavation]
Local constructor excavated with a backhoe.
Design value : Length over 6m x Width over 6m
Depth GL -750mm-50mm ~ +0m
Measured value: Length 6m x Width 6.5m
Depth GL-750mm

[Flat Plate Loading Test])

Flat Plate Loading Test was conducted to confirm if
surface of excavated land has enough strengthen. The
way of the test is the same way in Japan, which can
confirm surely if surface of excavated land has enough

strengthen or not.
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[ Arrangement of Iron Bars]
Iron bars were assembled according to the strengthen
calculation and the drawing.
(Over hanged concrete)

Design value  : over 60mm

Measured value : over 80mm

(Pitch of iron bars) 1 R
Design value  : 200mm#20mm *é{gb

Measured value : 200mm

[ Concrete Casting]

The ambient temperature increased up to 28°C when
concrete was casted.

Therefore, concrete frame and iron bars were cooled

down adequately. Additionally, in order to suppress the

temperature upshift of concrete, the working time from | :
starting mixture of the concrete to completing concrete casting was completed within 90 minutes

(14:00~15:30).

[Remove of Concrete Frame]
In 6 days from the completion of concrete casting,

concrete frame was removed and the finishing work for

the surface of concrete.
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[Records of Construction]

2017

Kind of works
2/6

2/1

2/8

2/9

2/10

2/11

2/16

Positioning [ ]

Earthwork [ ]

Pre Concrete Casting

Adjusting of iron bars

Arrangement of iron bars

Setting of buried things

Making concrete frame

Concrete Casting

Load Test

Removing concrete frame

Back fill the soil

@ Introduction of the Wind-lens

(Source: Created by JICA team)

The 10kW Wind-lens was installed by local constructor from 3™ to 18" March 2017 under the

Yonden Engineering's supervision.

[ Meeting before Introduction]

Safety training related to work procedure, schedule,

safety, and directions during crane operation, etc. was

conducted.

[Installation of Tower])

Tower was installed by 25t crane and high lift work

vehicle (Bottom and middle towers were installed on the

foundation).
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Horizontal level on the top of the tower was measured
by level meter and adjusted with wires of 4 corners.
Design value : within 1%
(Within 0.6 with a level meter)
Measured value : min0%~max0.3%

(Within 0.2 with a level meter)

[Installation of Turbine]

Blades of double wind turbine and single wind turbine,
nacelles and diffuser and wiring, etc. were assembling on
land.

The gap between diffuser and blade
Design value : 30mm#10mm

Measured value : min27mm~max33mm

[Buried Works of Pipe and Wire]
3 power cables of 10mm? and 3 control cables of
2.5mm? from short-circuit box to control room were

buried with flexible pipes.
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[Measurement of Ground Resistance]
Earth wires of the Wind-lens and short-circuit box were
connected with the earth bar.
Type D earth works
Design value  :under 100Q
Measured value : 9.2Q

[Installation of Short-Circuit Box]

Short-circuit box was installed at the bottom of the tower.
Wires of 3 generator cables of 5.5mm? from nacelle, 3
signal cables of 0.75mm?, 3 power cables of 10mm? for
control switchboard and 3 control cables of 2.5mm? were

connected.

[Installation of Switchboard]
A switchboard was installed in the control room and all
wires (from existing switchboard to a receiving breaker, a

PCS unit, a trance brake unit) were connected

[Installation of Resistance Switchgear]
A resistance switchgear was installed in back of the control
room(outdoor) and the wire from brake unit to resistance

switchgear was connected.

]
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[Measurement of Receiving Voltage]
After energizing from existing switchbox to a breaker of

receiving, the voltage of the receiving point was measured.

Design value  :230V=*=5%
Measured value : 233V
Frequency :49.95Hz

[ Adjustment by Trial Operation]}
After connecting to the grid, trial operation was carried out

and each data was measured.

* Wind Turbine SCADA
* Display of the monitor
* Checking of outputs of the 3 wind turbines.

[ Completion of Introduction of the Wind-lens]

15



[ Construction Record]

2017

Kind of works
3/13 3/14 3/15 3/16 3/17 3/18

Installation of Windmill [ ]

Assembly of Windmill
(Ground part)

Casting of Mortar

Measurment of Grounding
Resistance

Grounding and Assembly of
Windmill

Installation of Resistance

Fitting of Short Circuit Box

Back Filling of
Undergrounding Piping and
Fundation

Wiring and Installation of -

Control Panel

Interconnection and Trial
Rur I

(Source: Created by JICA team)

@ 6 Months Inspection

According to the inspection regulated by Japanese law, Riamwind conducted 6 months inspection
(12% to 14t September 2017) after introducing the Wind-lens at the site.

This inspection was conducted by utilizing inspection lists. Followings are the results of

inspection.

v" Paint flow was found in clearance between hub and shaft, so it was removed.

v'  Installation mistake of wire fixing screw in the anemometer was found, so it was repaired.
Additionally, measurement of incoming rainwater from terminal cap was conducted.

v Inspections such as torque value of bolt, corrosion situation, important management items
and power generation performance and so on were conducted and no abnormality was found.

v" Inspections of controlling device and inverter were conducted and no abnormality was found.
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[6 Months Inspection Record]
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@ Verification Survey (Verification of Availability of the Wind-lens)

Based on the result of one year the verification survey from March 18, 2017 to March 17, 2018,
the accumulated power output is around 4000kWh at the point of connection with grid under 3.1m/s
(average wind speed in FY2017 at 16.5m). Additionally, the efficiency in grid connection is 88%
and the capacity factor is 4.6%. Therefore, it would be said that the availability of the Wind-lens is

verified.

PEA Site Monthly Output (kWh)

T Accumulated power outp
H9% 1 4000kWh at annual mea
1,200.00

1,000.00

800.00

Power Output (kWh)

7.73
9 10A-1A 12 1A 28
92.86 54.46 38.87 0.04 |125.13 400.07|887.90 508.20 1,344.

—t=Ge Power (kWh) |672.55 - :
=8~ Grid Power (kWh) 612.30/163.45| 42.18 23.03 5534 56.97 37.73 98.95 329.80 770.30 455.30/1269.8

’
Wind Speed (tmonth] (404 264 197 190 29 25 A0 19 2R 40 M W

CF : 5.5%(Nov) : 12%(Dec) : 7.0%(Jan) : 18.4%(Feb)

(Source: Created by JICA team)

Figure 2.3 :  Monthly Power Output from March 18, 2017 to March 17, 2018
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(Source: Created by JICA team)

Figure 2.4 :  Capacity Factor from March 18, 2017 to March 17,2018

(2) Business development plan
(DConsideration of selling price

A) Consideration of Target

We discussed with PEA regarding target of business development by using table 2.2. As the result,
we and PEA agreed to conduct the evaluation of business regarding installation of the Wind-lens to
remote islands in Thailand. The remote islands which are supplied electric power by PEA owned

diesel generators. Therefore, we surveyed Ko Sichang island selected by PEA.

Table 2.2 :  The list of candidate regarding business development

Candidate Overview Form Remarks

Reduction of fuel cost of diesel Total candidates are 11 places.

Stand alone type and

Neighboring | Sales to countries with similar Grid interconnection | Philippines, etc.

(OF P Remoteslang generator which is owned by PEA Sl e (Isolated islands : 7 places)

. Supplvine bower fo residence * Apartment, Condominium, etc.
) CSR PPYINE P Stand alone type (About 100 units / year)

+ Selling as a monument

+ Company
Roof top solar S Assistance from the government in

©) power system Hybrid with solar power Stand alone type Thailand
@
®

countries conditions to Thailand
type
Reimportation Selling a cheap edition Grid interconnection FiT: 55 JPY/kWh (Japan)
to Japan type

(Source: Created by JICA team)
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Table 2.3 :  The list of diesel power generator which is owned by PEA
No. of
Type of Power No. Name of Power Plant Diesel kW kW
Plant Produced | Electrified
Gen.
1 |Huay Ta / Uttaradit Province 4 170 119
Stand-alone ; 3
. 2 |Ko Tao / Suratthani Province 6 8,000 5,600
Diesel Generator - -
3 |Ko Nok Ta Phao / Suratthani Province 4 170 119
4 |Mae Sa Reang / Mae Hong Son Province 4 4,000 2,800
5 |[Ta Song Yang / Tak Province 4 670 469
6 |Um Phang / Tak Province 4 2,500 1,750
Standby Generator 7 |Ko Si Chang / Chonburi Province 5 3,300 2,310
8 |Ko SuKorn/ Trang 5 970 679
9 [Ko Muk / Trang Province 3 755 529
10 [Ko Kut / Trad Province 6 2,620 1,834
11 [Ko Mak / Trad Province 5 1,100 770

B) The result of the site survey in Ko Sichang island

(Source: Created by JICA team)

PEA supplies electrical power to Ko Sichang island by both submarine cable and diesel generator.

However, cable disconnection accident happened often by ship. Then, these accidents cause

interruption of power supply in the Ko Sichang island. Therefore, it is the most possibility island to

change power supply to natural energy. The results of the site survey are described as below.

[Outline of the island]

1) There are 3 diesel power generators (1MW x2 units and 1.25MWx1 unit). These 3 diesel power

generators and submarine cable from main land supply electrical power inside the island.

2) The diesel power generators operate in 24 hours. The peak demand is 1.2 to 1.4 MW at 7 p.m.
3) The fuel of diesel power generator is 5,000 L per day. In addition, PEA buys the fuel at 25 THB

per 1 L.

4) Electricity fee is is 4 THB per 1 kWh. This price is lower than the generation unit price of

diesel generator, so PEA is suffered deficit of 3 million THB per month.
5) There are 1,500 households living in the island.
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Interview with the operator of diesel power

generator in the island

[Wind condition in the island]

Discussion with municipality of

the island

We have obtained the wind speed data per 3 hour of the island from meteorological station. The

result of monthly wind speed data is shown in the Table 2.4.

Table 2.4 :  The wind speed data of Ko Sichang island
2016
Jan. Feb. Mar. Apr. May Jun. Jul Aug. Sept. Oct. Nov. | Dec.
Average Wind Speed [m/s] 1.17 1.27 1.78 2.11 1.97 1.59 1.22 1.57 1.1 1.06 1.11 1.62
Annual average wind speed : 1.46 [m/s]
Max wind speed : 7.716 [m/s]
Measurement point of data : 12.6 m (from sea level)
(Source: Created by JICA team)
[ Trial Calculation of Power Output by the Wind-lens]
Power output was calculated in case that the Wind-lens is constructed in the Ko Sichang island by
using the result of the site survey. The result is shown in the Table 2.5.
Table 2.5 :  Power Output of the Wind-lens in the Ko Sichang island
2016
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. | Dec.
Power Ge?;\jsgd Amount 455 655 104 1298 114 451 288] 99| 318 296 522 925

Total power output : 808.8 [kWh/year]

(Source: Created by JICA team)

This calculation is conducted by the correlation formula between wind speed and output of the

Wind-lens, which is shown in the Figure 2.5.
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Output of Wind-lens (10kW Multi)
# Output [kW]
y =0.0099823215x*- 0.0134031346 x?+ 0.0471967995 x - 0.0043511516
Output [kW] R? =0.9998310878
10
9 )
8 1
7 1
6 1
5
4 S
3
2
1 :
0¢ -
0 2 4 6 8 10 12
Wind Speed [m/s]
(Source: Created by JICA team)
Figure 2.5 :  Correlation formula between wind speed and output of Wind-lens

[ Generation Unit price of Diesel generator in the Ko Sichang island]

When the Wind-lens is introduced in the Ko Sichang island, it can reduce power output supplying
from diesel generator. Therefore, it can reduce fuel cost of diesel generator. Generation unit price of
diesel generator in the Ko Sichang island is calculated based on the information from operator of

diesel generator in the Ko Sichang island. It is 18.96 THB/kWh (63 JPY/kWh).

[ The Construction cost of the Wind-lens]

The current construction cost of the Wind-lens per unit is below.

Main body of wind turbine i) Parts manufactured in Japan 5, 500, 000 [JPY]

ii ) Parts manufactured in Thailand 3, 000, 000 [JPY]
Tower 2,500, 000 [JPY]
Foundation 1,500, 000 [JPY]
Subtotal @ 12, 500, 000 [JPY]
Transportation cost of parts which can manufacture in Japan only @ 440, 000 [JPY]
Construction cost of Wind-lens 604, 762 [JPY]
|Total Cost D+@+®) 13, 544, 762 [JPY]

[Payback Period in case that the Wind-lens is introduced in the Ko Sichang island]
Based on the above results, we calculated the payback period in case that the Wind-lens is

introduced in the Kosichang island. The result is as below.
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Payback Period=Construction cost of the Wind-lens / (Total Power Output of the Wind-lens

X Generation Unit Price of Diesel generator)
=13,544,762 [JIPY] + (808.8 [kWh/year] X 63[JPY/kWh])
=265[year]

[ Payback Period of Improved Performance of the Wind-lens with Height Correction]

Based on above results, the payback period is so long under wind condition at the Ko Sichang

island. Therefore, as one of the ways to consider shortening of this period, we tried to correct wind

condition by heights, which obtained by meteorological station in Ko Sichang island. The result is

shown in the Figure 2.3.

Figure 2.6 :

(Source: Created by JICA team)

Corrected Monthly Wind Speed in the Ko Sichang island at each Height

In the next step, we simulated power output of the Wind-lens based on the result of the Figure 2.3,

which is corrected by height.

Table 2.6 :

The Power Output of the Wind-lens by using the Wind Speed corrected by Height

Height of Wind Turbine [m]

12.6m 20m 30m 40m 50m

Power Generated amount [kWh/year]

809 969 1,138 1,513 1,654

(Source: Created by JICA team)

We simulated the payback period of the Wind-lens based on the result of the Table 2.6. The

Average Wind Speed in Ko Sichang (Offset)
[m/s] ———Observation Point (12.6m)
280 - —20m Point (Offset)
260 - -30m Po!nt (Offset)
= 40m Point (Offset)

ol ——50m Point (Offset)
2.20 -
2.00 -
1.80
1.60 -
1.40 -
1.20
1.00 -~ i

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.

2016 year

payback period of the Wind-lens was improved, however it is still long.
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Payback period = Construction cost of Wind-lens / (Total generated amount of Wind-lens X

Unit price of diesel generation)
=13,544,762 [JPY]/ (1,654 [kWh / year] x63[JPY / kWh])
=129.6 [year]

[ Conditions for Expansion of the Wind-lens in remote islands of Thailand]

We summarized the conditions of realization of introduction of the Wind-lens in remote island of

Thailand referring to the above results and 20 years of payback period in realistic condition (from

Thailand Fit system). The results are as below.

* When the introduction of the Wind-lens in the islands is realized based on construction cost (13.5

million JPY/unit), more than 5 m/s of annual average wind speed is necessary.

« If it is possible to realize that the construction cost of the Wind-lens is under 10 million JPY/Unit

(the target as selling price) , more than 4.5 m/s of annual average wind speed is necessary.

Table 2.7 :  Correlation between Wind Speed and Selling Price of the Wind-lens in case of Payback
i Selling Price
Payback Period = : = : = : = : = :

9.0[million JPY/Unit] | 10.0[million JPY/Unit] | 11.0[million JPY/Unit] | 12.0[million JPY/Unit] | 13.5[million JPY/Unit]

Annual Average Wind Speed 1.0mv/s 412.5 year 458.3 year 504.1 year 550.0 year 618.7 year
Wind Speed 2.0m/s 139.8 year 155.4 year 170.9 year 186.5 year 209.8 year

Wind Speed 2.5m/s 87.5 year 97.2 year 106.9 year 116.7 year 131.3 year

Wind Speed 3.0m/s 56.8 year 63.1 year 69.5 year 75.8 year 85.2 year

Wind Speed 3.5m/s 38.3 year 42.6 year 46.8 year 51.1 year 57.4 year

Wind Speed 4.0nvs 26.7 year 29.7 year 32.6 year 35.6 year 40.1 year|

Wind Speed 4.5nvs 19.2 yea 21.4 yea 23.5 year 25.6 year 28.8 vear]

Wind Speed 5.0m/s 14.2 year 15.8 year 17.4 year 18.9 yea 21.3 year|

Wind Speed 5.5m/s 10.8 year 12.0 year 13.2 year 14.4 yealll 16.1 year

Wind Speed 6.0m/s 8.3 year 9.3 year 10.2 year 11.1 yea:ll 12.5 year

Unit price of diesel generation : 18.96 [THB/kWh]
Exchange rate : 3.332 [JPY/THB]

(Source: Created by JICA team)

Based on this result, we will proceed the business plan with the following conditions in the

subsequent study in this Project.

* Selling Price
* Payback Period

+ Annual Average Wind Speed

: 10 million JPY/Unit

20 years
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C) Business Structure

As for business development, these two measures can be considered.
* Establishment of Local Base
+ Transaction from Japan

The Establishment of Local Base has the ways such as establishment of local cooperation, capital
tie-up with local cooperation, establishment of local branch office and so on. On the other hand, the
Transaction from Japan, which means not to have local base, has the ways such as import and export
trade, establishment of sales agent and license agreement and so on.

Generally, the Establishment of Local Base is better in the point of the return, however it has more
risk. On the other hand, the Transaction from Japan can reduce risks although it cannot expect more
return than the former one.

Base on the result of the interviews to Japanese companies, etc., we has reached one conclusion
that we should take our first step in the way to minimize risk and we should take our next step such
as establishment of local cooperation because we do not have any experiences of overseas business.
Accordingly, we focused on consideration of license agreement with local partners in the Project.

The license agreement is a contract with an existing Thai company in order to sell the Wind-lens.
In this case, we has considered the possibility of the selling business structure which handles all
necessary works (production, supply and introduction) related to introduction of the Wind-lens by
Thailand local partner company. Then we can reduce the spread risks of our overseas expansion and
promote business development speed because of easiness of unified management and easiness of
sales channel through utilization of network of Thailand local partner company.

Based on the agreement with related members in the Project, we developed the business structure

with Thai local partner company ENCOM producing and installing the Wind-lens (Figure 2.4)

----- Japan - [ i Thailand -~~~ e s
Liceﬁse
n Cbnt:rac t Sales Contract
Key Components Ilndividual Contract
Generator Individual
Bi Conttact Candidate (Manufacture / Assembly / Installation)
ade ]
<=7 | *N company (Japanese Company)
Controlling Devises ' i
Inverter \

(Source: Created by JICA team)

Figure 2.7 :  Business structure
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D) Possibility of Business Development
Based on the result of the site study in the Ko Sichang island, we summarized the conditions to
expand introduction of the Wind-lens into diesel generator in island after the Project.
[ Conditions]
1) Selling Price (same as the above): 10 million JPY/Unit

2) Annual average Wind Condition: Over 4.5m/s

Accordingly, evaluation of possibility of business development which introduce the Wind-lens into
diesel generator in island after the Project was preceded with the Condition 1) (Selling Price: 10

million JPY, Annual average Wind Condition: 4.5m/s).

| Mae Sa Reang /Mae Hong Son

Huay Ta/Uttaradit

Ta Song Yang /Tak

Ko Sichang /Chonburi \ Ko Mak /Trad
Ko Kut /Trad

Mean Wind Speed (m/s)

o | .
24 32 :cI:s 56 6472
45m/fs

Resolution: 3km
Height: 20 meters

Ko Nok Ta Phao fSuratthani

Ko Tao /Suratthani

Ko Muk [Trang

Ko Su Korn [Trang

*Wind Condition at 100m height corrected by “Exponential Law”
(Source: Created by JICA team)

Figure 2.8 :  The Location of Diesel Generators owned by PEA and Wind Condition
in Thailand
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The Figure 2.8 shows wind condition at 20m height and locations of islands with PEA’s diesel
generators. Base on this information, the following islands can be thought as future candidates in
Thailand.

[Proposed Site]
* Huay Ta / Uttaradit Province
+ Ko Mak / Trad Province
+ Ko Kut / Trad Province
* Ko Tao / Suratthani Province
+ Ko Nok Ta Phao / Suratthani Province
+ Ko Muk / Trang Province
(Total : 6 Areas)

PEA intended to promote introduction of the Wind-lends into the above island candidates in order
to reduce deficit of diesel generator as much as possible. However, it is considered that we should
search other countries having same situations as the Ko Sichang island the number of islands where
can utilize the Wind-lends are limited in Thailand. Therefore we have investigated the circumstances
of other countries in Southeast Asia where have similar features with Thailand. The results of

documentation study, it is clarified that the Philippine has the same situation.

The Philippines has 7,109 islands throughout the country and can be classified by 3 major areas
(Luzon, Visayas, and Mindanao). Furthermore, residents of the Philippines are scattered in island
and there are many areas (off-grid area) where have not been supplied power from electric company.
In these off-grid areas, power supply is conducted by Small Power Utilities Group’s (SPUG),
however their high generation cost is one of issues in these areas. Because SPUG’s generation cost is
much higher than electricity price which is regulated by Socially Acceped Generation Rates (SAGR)
and residents pay electricity fee according to the electricity price regulated by SAGR. Accordingly,
SPUG has deficit of diesel generator in island and the deficit is covered by consumers in whole
country.

This background implies that the Philippines have a potential of selling the Wind-lends under the
same conditions with the Ko Sichang island; Selling Price is 10 million JPY and Payback Period is
20 years. Therefore, we evaluated the generation cost in the islands (off-grid) in the Philippines. Its

result is shown in the Table 2.8.
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Area Generation cost SAGR

[PHP/KWh][[JPY/kWh][[PHP/kWh] [JPY/kWh]
Luzon 1 15 31 5.6 11
Luzon 2 17 35 5.6 11
Luzon 3 23 47 4.8 10
Luzon 1 23 47 5.6 11
Visayan 1 17 35 6.3 13
Visayan 2 14 29 6.3 13
Visayan 3 17 35 6.3 13
Visayan 4 36 74 5.6 11
Mindanao 1 19 39 5.1 10
Mindanao 2 12 25 5.1 10
Mindanao 3 10 21 5.1 10
Mindanao 4 22 45 4.8 10
Average 19 39 5.5 11

Table2.8 :  Generation Cost of Off-Grid Areas and SAGR (2009-2013)
*Exchange Ratio : 2.05 [JPY/PHP]

(Source: Created by JICA team)

Based on the result of the Table 2.8, average generation cost in island (off-grid area) is
approximately 39JPY/kWh and this cost is approximately 60% of generation cost of the Ko Sichang
island. Therefore, it can be said that better wind condition than the Ko Sichang island is necessary to
expand the Wind lend in the Philippines based on the condition (Selling Price: 10 million JPY,
Payback Period: 20 years).

Based on the result of evaluation, the island (oft-grid area) in the Philippines requires 5.5m/s of

annual average wind condition based on 20 years of payback period as shown in the Table 2.9.
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Table2.9 :  Payback Period of Each Wind Speed (Philippines)
Average Wind Speed
4.5m/s 5.0mv/s 5.5m/s 6.0m/s 6.5m/s 7.0nmv/s
Payback Period 34.6years 25.6years 19.4years 15.0years 11.8years 9.5years

Construction Cost of Wind-lens : 10 million [JPY/Unit]
Generation Cost : 19.0 [PHP/kWh]

Exchange Ratio : 2.05 [JPY/PHP]

Operating Hour : 8,760 [h/year]

Additionally, wind condition in the Philippines (20m height) Figure 2.6 shows that the areas

(Source: Created by JICA team)

having over 5.5 m/s wind speed exists mainly in Luzon and Visayas. Since total area of Luzon and

Visayas covers approximately 70% of whole country, there are approximately 5,000 islands in

Luzon and Visayas (7,109 islands x 0.7). Furthermore, the area over 5.5m/s at 20m of height covers

approximately 20% of area of Luzon and Visayas. As a result, it can be assumed that the number of

islands having potential of expansion of the Wind-lens is approximately 1,000 (5,000 x 20%) islands.

It is rough evaluation based on document study, thus the detailed study will be necessary in the

future.
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Mean Wind Speed (m/s)

24 32 40 48 56 64 72

Resolution: 3km
Height: 20 meters

*Wind Condition at 100m Height corrected by “Exponential Law”
(Source: Created by JICA team)

Figure 2.9 :  Wind Condition in the Philippines

(3) Issues
@  Further Reduction of Construction Cost
In the Project, we counld gather 4 quotations related to construction cost of the Wind-lens with
support of several companies and it is realized that the cheapest construction cost in Thailand is
same as in Japan. Therefore, the way to reducing construction cost should be considered furthermore,
because we expected to reduce construction cost based on cooperation with Thai local partner

company. The possible solutions are the followings;

(A) Re-design of the Wind-lens
(B) Producing Key Component in Thailand

A) Re-design of the Wind-lens
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The design of the present Wind-lens is conducted by JIS Class II in order to withstand strong
wind in Japan, however wind condition in Thailand is more calm than that of Japan. Thus further
reduction of construction cost can be realized if the Wind-lens can be re-designed from JIS Class II
to JIS ClassIV for adapting Thailand weak wind. In other words, realization of the target selling
price (10 million JPY) in Thailand can be highly possible with this change.

Table2.10 :  The Wind Turbine Class (JIS Class) (JISC 1400-2)

7 N 7 N
The wind turbine class I i} I v S
Vref (m/s) 50 4.5 37.5 30|
Ves0 (v 70 59.5 52.5 g Vlues specified
e30 (m/s) ' ) by the designer
Vave (m/s) 10 8.5 7.5 j
\_ oA

Vref: 10-minute average standard wind speed at hub height [m/s]
Vave : Annual average wind speed at hub height [m/s]
Ve50: 3 seconds average wind speed of 50 years of recall period [m/s]

(Source: JIS)

B) Producing Key Component in Thailand
This way is difficult to realize because this way does not have potential so much to reduce
construction cost less than one in Japan. The reason is to require higher technical difficulty level in

comparison with submitted parts of the Wind-lens.

@ Applicability of JIS Class IV

In Japan, small wind turbine should obtain approval through the Type Certificate System when
small wind turbine is adopted to Fit system and the Type Certificate System requires several tests.
One of the tests related to security (strength) and small wind turbine should be designed by JIS Class

I in order to pass the test related to security in Japan.
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[ Type certification system of small wind turbine in Japan]

In case that small wind power equipment is applied to Fit system in Japan, it is necessary to
satisfy the following the technical standards.

The standards regarding strength of small
* Applicable standards wind turbine

|

JIS C 1400-2 (Japanese Industrial Standards)
JSWTAO0001 IEC 61400-2 (Intemational Electrotechnical Commission)

(Japan small wind murbines association standard) Design requirement of small wind power system

Standards regarding performance and safety of small wind turbine

[ Performance test, Noise test, Durability test, ] JIS C 1400-11 (Japanese Industrial Standards)

S e i L IEC 61400-11 (intemational Electrotechnical Commission)
Method of noise measurement

JIS C 1400-12-1 (Japanese Industrial Standards)

IEC 61400-12-1 (Intemational Electrotechnical Commission)
Method of performance test of wind turbine for power generation

JEC (Japanese Electrotechnical Committee)

Nippon Kaiji Kyokai

Figure 2.10 :  Type Certification System of Small Wind Turbine in Japan

On the other hand, we studied procedure of the Fit in Thailand in the Project and we recognized
that Thailand does not have “Type Certificate System” of small wind turbine because small wind
turbine is not disseminated at all in Thailand. This fact means that there is not system to guarantee
security (strength) of small wind turbine like one in Japan. Therefore, seller or business operator of
small wind turbine should take the risk of security (strength) in Thailand.

In other words, Applicability of JIS Class IV depends on decision of seller or business operator.
In case the selling with ENCOM, ENCOM have to take the risk of security (strength) of the
Wind-lens. So, more detailed discussion with ENCOM should be required after the project.

Additionally, in parallel we investigated necessary permits and approvals related to introduction of
small wind turbine, however we could not summarize them correctly because concerned parties for
small wind turbine could not grasp enough information due to a lack of experience of small wind
turbine in Thailand.

Therefore, in order to expand the Wind-lens in Thailand in the future, the following actions are

necessary.
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+ Adapting JIS Class IV in Thailand in order to guarantee security (strength) of Wind-lens

+ Summarizing necessary permits and approvals related to installation of Wind-lens

Standards regarding
products

Permissions regarding
construction

~

* Performance test * Submission of strength calculation document
* Noise test
* Durability test - s
There are no criteria like Y L Pem“S_SIOHS pertaining to
Japan in Thailand. Other necessary permissions are construction of Sm?ﬂ windmill
+ Safety and function test is not organized.
unclear.
‘ * Electrical test ‘
It is necessary to redesign with JIS - Blade test
class IV and check whether safety _J It is necessary to organize the

can be secured even under Thailand
wind conditions.

necessary permission when actual
introduction on a commercial basis.

It is necessary to implement a project to introduce
the Wind-lens re-designed with JIS Class IV
suitable for the wind. (S ource:

Figure 2.11 :  The Standards and Permissions regarding Small Wind Turbine in Thailand

(4) Summary

Based on the dissemination conditions (Selling Price: 10 million JPY/Unit, payback period: 20
years) in the Project the necessary wind conditions are as follows;
* Thailand: Over 4.5m/s
* Philippines: Over 5.5m/s

Based on these wind conditions, Thailand has 6 islands and the Philippines has approximately
1,000 islands as candidates, so we can conclude that there are enough potential to install the
Wind-lens. Additionally, we have already established the selling business structure with ENCOM in

the Project.

In conclude, although the following issues are still remaing, there is enough potential of
disseminating the Wind-lens and the business structure is established basically, so it can be said that

preparation of selling is almost established.

+ Adapting JIS Class IV in Thailand in order to guarantee security (strength) of Wind-lens

+ Summarizing necessary permits and approvals related to installation of Wind-lens
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(5) Suggestion
As mentioned in previous section, adaptation of JIS Class IV in Thailand is important in terms

of security (strength).

At present, PEA is considering internally of other project after the Project in order to expand the
Wind-lens. Therefore, we would like to suggest introducing the re-designed Wind-lens (10kW) into
island diesel generator in other project under PEA’s consideration. Especifically, PEA will obtain
budget from government of Thailand, the re-designed Wind-lens (10kW) will be introduced into
PEA’s diesel generator in island by the selling business structure which is considered in the Project

and PEA will operation this project by themselves.

If this project will be realized and the above 2 issues will be solved, security (strength) of the
Wind-lens can be guaranteed, construction cost can be reduced dramatically and necessary permits
and approvals can be summarized as well. Accordingly, this project will be able to enhance the

potential of expansion of the Wind-lens on business base in the future

/— PEA project
Remote island in Thailand

-8

Contract (Manufacture / Assembly / Installation)

Diesel Generator
+
Re-designed Wind-lens
(10kW multi)

Sales Organization
Install of equipment & M

License Contract
RW
Benefits in sales organization side \'
Individual Contract Key Components
* Verification of safety of redesigned R
\Sﬂnd-len? . £ s . *N company (Japanese Company) Blade
SHMEATIZAAION SLRECORRLY Permilts (Manufacture / Assembly / Installation)
and approvals Controlling Devises
Individual Contract
Inverter
\ /

(Source: Created by JICA team)

Figure 2.12 :  Conceptual Diagram of PEA Project for Dissemination of the Wind-lens
(proposal level)
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