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CEO Chief Executive Officer e BEE
C/P Counterpart B ==k
CuU Chulalongkorn University FagrmrarkKE
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ZA4EE LLF, [ZA) &5ET) Tk, EF, =3V F—FEPERN 4 ~5%TREL., EHN
TOZ RGBT L X —li AMEAFE O FIAF N TND Z &0 6 BRFAHIRER)
FEHAPEHBEOBANBEEIN TS, ZORKRO—ERE LT, baREHE T 2B ORI H 2ME
HEINTEY, TXTOBREHZED DA FREB ORI G Z @D D 2 L PNBREOIE L 7o > T D,
fth )5 T IER D S A AREFCIE, FTRREIREFIH LIzBR OB S ORELE OBBENR S - 72, 12,
BEETH L7 A T BEEICIRET D RERIEDON TR EOIEATRZNA A~ AN H A A
WREVEAPET D Z EICHIV A TWD R, NS FTH ) — 0 4T —BiE, S REWHIR S
u. BEFASRREL L ORI ARE D 705 2 L Bk R EREICE LTV 5,

WEZE B IS A A REL O Ri0 700G H 2 #EE 9= < | 2015 FITEUE L 72 “Alternative Energy
Development Plan” (fAF— /L —BR%EEHE (AEDP)) 12BN T, BBREHT 56D 5 /3o A BREL DO EIE
% 2036 HEFE TIZ 5% F T 5 BEZHBIT T\ 5,

DPPDIRDLD & | REFETIE, YZENCEEIRFET 254 A~ ZAG PRI O A FE A ABREL - b
Fom (&M TV AF =)L - LPG) ZRUET ZHAIN OB 21T O e E OEA; A 15 H L 7224
LR (CL AL AT X D THEHE A AREH 2B L. D8 2 EN A~ K, 12525 2
LEARETHDOTH D,

1—2 RAEDEMW
TuY =7 MIETLBMREE, FRINELITV, B Z— 3 — |k (Counterpart : C/IP) L7825
F a7 m a3 K% (Chuldongkorn University : CU) , % A A iiZAaft (Petroleum Authority of Thailand :
PTT). JbERFEAE e r/LF— (Kk) (Northern Renewable Energy Co. : NRE) %5, % 1 [EIRAfRRERT &
Tuavel NEROESME, e POBB, NE. EEHIZOW T L. Wik Eek
(Minutesof Meeting : MIM) Z# £ & 052 2B ET D,

1—-3 FEADOERK

K4 GaK i1 FTIs
1 | #  ZEez weih MR JICA PEHEPAFE « NILBORE 9tk
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5 | fhA IEAT i X i FHABAR IR B (IST) BFJE 6 LRTR 2R R R
6 | b E=4r WFFERFAL JST [HERFF2EA S EERA R

1 2015 4F I 5L CORBRENT 5 5 31 TR OEIA 1% 6.65% (Alternative Energy Development Plan in 2036)

2 BT A OkFEL —BRLIREDIRATA) RAX v AX ) —NVEDRFER 1 OILEMETFRENZAWT, REK 2 L Eo(bEY
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1—4 FHEBRE (016F£9A85H~16H%FT, )

Censultant (Mr. Matsumoto)

9:00 Meeting with JICA Office
14:00 Visit Chulalongkorn University (CU)
(Courtesy call with Prof Tharapong and researchers

5-Sep | Mon
: related to the Project, Interview with Prof. Tharapong,

....................................................................................................

6-Sep | Tue
_______________________________________________________ o RSN 10 S0k, SRR ARG ODENE.
(Courtesy call with researchers related to the project,
J e o Interviewy with researchers, Observe research

Wisit Northern Renewable Energy Co. (NRE)
(Courtesy call with researchers related to the project,

7-Sep | Wed

8-Sep | Thu

_______________________________________________________________________________________________

Visiting Chulalongkorn University
(Interview with researchers related to the project,
iand discussion of Drafting PDM/PO/List of C/Ps

9:00 Meeting with JICA Thailand Office
13:00 Courtesy call to Chulalongkorn University (CU) Prof. Tharapong & Asst. Prof Dr.
Prasert

(Discussion about draft of M/M and R/D with C/Ps (Mainly Chulalongkorn Univ.
Professors)

Visiting CU laboratory facilities and rooms

; 10:00 Visiting Chulalongkorn University Saraburi Campus and observe plant facilifies
13-Sep | Tue |(Interview to Prof. Tharapong and other staff in Saraburi)
: 14:00 Visiting PTT (Visit laboratory facilities and Interview)

.............................................................................................................................................................

1330 Vistting CU (Professor. Tharapong & Asst. Prof. Dr. Prasert) and
Discussion of M/M at CU
: 08:00 Signing of M/M at CU with President
16-Sep Fri |17°00 Report to JICA Thailand Office

Departure From Bngkok

1—5 FE@EHE
(D) ZAIBRE
1) F=7urar ki (Chulaongkorn University : CU)
- 7T 4 v FRFE (%K Dr. Bundhit Eua-arporn)
- ARVR Y MR (BRAEES SEE Dr.Polkit Sangvanich)
- T4 Ty MR (B RIFHER . (bR #dR DrTirayut Vilaivan)
- B ITRVER (BFRHEWFROEE 377« A A AR R L~ F— ) (TR
KEFRIF R B F 575 FHE  Prof. Dr. Tharapong Vitidsant)



- 7Y — MERER LI bR RHR Asst. Prof. Dr. Prasert Reubroycharoen)
< TINUUEHER (B b AL Dr. Prapan Kuchonthara)

- Fx U Uy MERER B LA F R Dr. Chawalit Ngamcharussrivichai)

- e XHEEER (PR EFEEINFFE Dr. Napida Hinchiranan)

- VT v 7 AR (B LA R Dr.Sirilux Poompradub)

VT g — (BREEMEFEINFFE Dr.Rungravie Phienluphon)

2)

FTTY A e APRERT R Rt 4 —

- VT v A THE (MrSiricha Ratanavaraha, Plant Manager, “Biomass Center”, CU)

3)

H A LI AFZERT (Petroleum Authority of Thailand Research and Technology Institute : PTT
RTI)

- X FFEEMIEE  (Dr.Thana Sornchamni, Process Technology Department)
« AT MJFSEE  (Dr.Supawat Dechparot Process Technology Department)
« AT 4 R EEHFFEE (Mr.Suttipong Tunyapisetsak, Researcher, Petroleum Products and Alternative

Fuels Research Department)

« AF X XA

(Dr. Suchada Butnark, Petroleum Products and Alternative Fuels Research Department)

s av A —THIRE

4)

(Dr. Kornthape Prasirtsiriphan, Petroleum Products and Alternative Fuels Research Department)
JEESEAEFTRE= 1L X — (BF) (Northern Renewable Energy Co. : NRE)

« T U FEEGHR  (Mr. Phatchari Nitsiriphat, CEO/NRE)

5)

NREt77 o kT35

« ¥ /L (Mr, Jaru Natakaranakul, Process Engineer, Ayutaya Plant, NRE)
- 7'Z7%— b (Mr. Pramote Inthanee, Production Manager, Ayutaya Plant, NRE)
«F =277 1>k (Mr. Tullawit Wongsed, Production Assistant Manager, Ayutaya Plant, NRE)

(2)
1)

2)

3

H AP LR

FEPEPAN o i
KIS BRI TR e R

- VB R AT L ¥ — e S — R
B I R B RE Hrb SBET ORI 7 = 2 —

CHLHT T F v b OB IR L

JCA ¥ A FEHFT

- HEA R

- WIPNRERL w K

- R &L T A

< BB AR EEFRA R

s ANR— ATE  (Ms.Supaporn La-Ngao, Program Officer)
[ESEAFFEPHFE IR AR Bl iR B (Japan Science and Technology Agency : JST)
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T EEFOxE 2 A FEEBEE G E (201245 12 H) T, EBEADE & LT [Er 2kt
DFJE L AT DAL ~ORNG ), BIRIRE S LC BgERED M - 2y NU—2 0k Z8iF, ©
oHT MFgEREAM b Ry NV =20k 217 e 77 A LTHIBITF TR, AFEITZ 0N
SHIAET %, £7-. FirTREZRBA% BIE (Sustainable Development Goals : SDGs) =—/L 7 [ 7 A®D
72O DOFIHTFTRE T, L& Lo, FH IR ClERR = RV F—~DT 78 2|, K13 [KUFEEHE) &
ZORBE~DBERZOML) [ZTEHT 2 LEZEZ 6D,

2—2 7Oz y bOBE
(1) HMERFR ARG s E R 2871 71 (Science and Technology Research Partnership for Sustainable
Development : SATREPS) A % — A2 % 5]
ZAUBAFRE KT L, Bed T SATREPS HEDHME L OFEMICH o> TORBEREZHHA L, X
X — A~OIRFFICHIEE N 72N 2 & RERR LTz,

(2) SRR OHER
LT O SR 2 & A IBILR & #ead L7z,

1) & A MIFEEAR S

R ERE : FaTarar R

JLFEIDFZERERT © PTT. NRE

Z OMBILRHER - =R F—ERB =R X—F%E - Zh#)5 (Department of Alternative Energy
Development and Efficiency : DEDE) , = /L X —BUK - G5 (Energy Policy
and Planning Office : EPPO) # & [RIFH®Z: B4 (Joint Coordinating Committee :
JCC) ok I T —HITHFT D Z & R,

2) H AR ISR

FFEARFEEE « NS RFENE LR

JL[EIRFICRERE © — R EIE A AR =R X —t v 7 — X =X —RStE, —RAEETEA

HIiBD #FJERT, BRASALEES

(3) M JoEEE
Tunyxl b THAr -~ U v A (Project Design Matrix : PDM) %2} ONEEhEHE (Plan of

Operation : PO) &b L7 vy =2 FOHB « iR - A7V a—VEEHH L, Z A [IRERE
ERANREBICESTZ, AELE u Y= MIEEZLITICRT,
1) EAZBAE & e
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2.1 A AR EGE AT S D (AR 4 EERELAN) .

22 NAFH V) SEUEEMBRRE SN D,

23 NAF AL ) = VEEEHIN D SN D,

2.4 NA T LPG USRI BRSE S b,

FE 3 FIHRREER RS 2T AESIZ N D B fHAIC L 0 IR R N SN 5,

fistid

L bAMREBREIELE LT, N ABREERFATE D Z BRI,

3.2 KFEANA HREE DR DO — R~y TR KT 7 hahb,

3.3 N AEEORLE - R AMBER IS,

34 7rTVxV MILoT, BRI NTENTE BV D A AIREFE ORI F 6D B AL
Do

2—3 EABEZEEOHER

itk Fok (Record of Discussions : RID) £ b L2, X AIBHFEEZTF L, YHRELV A
T2 TAE L, 7277 L. B OBAHFIZ W T B AR & OEESS I O %
HIBFECIEM O BN M E, EREFAHEERIILUTOLEEY,

(1) C/PORE (FFFH5E)

(2) Hiik & Bl

1) FaduraryRenrarzxy  RA KOY T 7Y %y /N ZANOF IR

2) Tuvxl NEMIZLERA T T O (FFHEM . BHMEREICH DN LIBIBORBEELE

te)
3) WFZE3EH D 1= 5D D EEN,
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o LY RO - GEFEHLIY £ L0 MIM & L,
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(1) HM RIS 25 W7 O FEIE DR

Z A OWE TITAARMGEHE, ENLBEOEE, JafiT, EiRXE ARAafHT 5 2 & THERARR

WCAE L, TALEEE B 2 BIROBUT 0, KHEOM S 72 EATHEO LML S A T
B2 Lo TUTHI ZE TAE L, IBMFICBE LT, BARRID S HEAA /e A —r8—s3f X%47 9
ANBZRIRET 22 THAE L (2L, mE%ZO B & A Mo moff,. 77 v ME
FHFIZBT 2 MF OBLSHICONT, S OICHEMARRMARETHD Z L 2R L2720, fk
BRI FREE ),

(2) & A Mt7EE OENB B A
ZAUBETEE O 2 A ENBEEIZZ A MTEETLZ L TRRE L

(3) BHEA T DR XIAL
HEFELREZ., XA HOEEATZ ICC I F—2EICBFT 57 K, BBIE X AL
L THRE LR, BRI x ¥ —4 (DEDE. EPPO &) A#4HIE,

(4) HY 2 b
RID IZIf T 284 U A NI RID EA ETICR#EETHZ L TARE L,

(5) A BRI
=B BULIRBRIE S A T rTREZR PRBR AR A L, X A MOAFETHRT 2 Z & TERE LT,
E. PREEHIAES N F s L B TS I RE,

(6) REFFIERAM - S 4T

AT Tk, JFROREN b EHIRE T v A RGEICBIY D TERT N S 2 T
HHZETHRRBLE F,. ZNCHET ALY e Y =7 PEINOERT L2 L TERE LT
AT EILE > THRET 5 TiE,

(7) AbEB M O H AL Es e (B VE #3501 iE (East-West Economic Corridor : EWEC) J&31) & JFUEHE H
DfgET
AL R K O B AL 5B Hidag & H il DR B R 2T A, AEER S L < I et s & oo JFUBkE E
MEERRT D2 L TAE L, BT H A BURFDSBRFEIZ ) &2 AXL T D BP9 [B1JER &30 % T A
MICHRTdT 52 & TARRE L,

2—6 HIRFTR

(D) ARIOFFEMFHERERHAIC Y20, FaTdrrary Kl oo fiiigig e nieitnwiesg
IRFAEREZIZI U & T D ERRICHILE L B2, BRI TRV ERUTO T ey =27 v o
CIP DL OFHBGESEEIN TS Z LA MR TE I 8%, AV e vy hEREKH O
R OESH SEMICOIED, SESERRENMEEIND ZE2EET D EIEFICLEE LWVR



DT D LB D, 4%I3 NRE, PTT SEDOBRE b & o, — 8 OEHBIFR OB Z Hifr L7z,

(2) Wk, L BIEFICERT 2 Z LN TE N, 7rY =y MILEREMIZ OV TIE, RID
BAWFE TITHEM Y 2 N E2ERT D 2 LT >T W5, RIS H 2MEHAREOMESLF 2T 1 o
VRFYFTZTY Xy RZAOBEF FT ZiEOE (BEWERRILE) 2o\ T, 54%A - 24
WS TOFEDNLETH D Z LR STz, BMIHEIL, o SATREPS 4D 472 6 i@
® ODA Zff (Hi 7 ey=7 b)) IZBWTH, Yry=y NERTRICKE 2 Er 5 2
LHERERDID, L VDTSR E o T T oREE E o EOIEEICK T 5 %K
SHIZOE | EEAMIENPLETH D,

(3) F7=, A RO WH#EL FBEIT & ONTH b EbEZE U, AR FEE AT I ATV T,
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L0 BN DEBRE T~ E 0T LA fEL oD, FRICH A ITET 2 AR R B R O &
FMEEZET D L. FEERBROBEBICE T DBOR~O@ & N iTid, 2FEEL %M L3257
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HZEBHMEIL TV ZEREF LU,
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HITFE ATuVz7 MEHORBLEREMNEST (FREETRELEN)

3—1 AADIRILF—EIF— INAFAHBE) EX—N—D 1) =2\ FREA DA IEER R i
DRK R UV EE R

X A 13#) 51 )7 4,000km? (HADHK 1.41%) OELZH>, AN 6,796 7 A (2015 4) *D[ETH
%, 201404 BHENKRAPE (GDP) 1% 3,73818 KL, 1 A%47-0 GDP 35445 RV T, WE7 V7
RiExE Y — RTHEEETH DL

A A TIE, T, TR —EFEMERI 4 ~5%THRE L, ENTOT X — g8 1L
F—ilf MEAFEE DY FIAE N TVD Z &b RFAHPIRED R AP EOHERKPIBE SN
TWo, ZOXEDO—EE LT, LA 2R T 2B ORI AMEE SN TR Y . T X TOREHT
6D D3, FRELOEIG Z @D D 2 ENBBOMB L 725> T D, i T, GERD /A FRREFTIE,
AR EIR AR LB OB TS OIRELEOREN H o 7=, £, BEETHDL XA TIE, BEIC
JAT T 2 RPERIEW O TR 72 E DOIEFT B R ANA A~ AL TRV 2T 5 2 LIZED
WTWDIN, NAFTH ) — Lo, 4T 4 —BIiE, JGEENIR S, BEAEA RRE & A<
FIFRE L B2 D 2 L b R EREIC B LTV D

YEZE B 1IN A AR O RA 72TE H 2 HEdE 9~ < | 2015 fRIZE L72 AEDP 1T W T, BBk
BHZ 58 25 34 A RELOEIE % 2036 4% TIZ 5% £ T D HIEEZEIT T\ 5,

DPDIRUD G & | REHE T, BHENCEE IRFT 251 4~ AGPD B AT A AREL - b
ol (B - YU e AH ) —)b - LPG) LGS D HEIROBRI 21T 5 BMLEE# (CL L)
(R FRICIERRAA A~ A& iR UT-BEAF A R RE & Rl B o [Hede S o ARk 2 B3
L. D05 HERZEN~E R, BTS2 EICiFERFE LTV D,

< & A IBAZEUR & DEES >

[ 11 WREZ AR EBRSFHE (2011~2016 42) | Tl BAFOF ML LT, KKRFE L OB
BRI LD - 2 I A2 Y T BRER L OBREEAROBEN BT b TWDH, ¥ 14 DxTx
LR — LR ER RIS & LT, S AT R R — DS, TR X —E D DA F T R F
—DEFEMNR B, N AV —ORATERENE TN TN D,

MU L X —P%EHE (AEDP, 2012 ~ 2021 4F) | 1%, AT RLXF—DIEH. Z OHdliE
RIS, mAERA T RV —HAN O - BRI OMREZ BT, FFHE T, BAEZRLF—D v
=7 % 202 FEDOET XNV —FED 10%/ 5, 2021 121, 7 125% ) (251 & EiF 5 & o BEER
E DL,

F7-. FIFFEIL 2013 FICWE, & HIC 2015 4=, [FFHEZ Hi7= I LE L, TAEDP (2015~2036
) | ZERL . 7 AEDP FHE TlX, 2036 FEICHA T AN X —D v = T 22T 3L —{HE D 130% |
ZHEICERT TR, =7 BEONRIX, EX 20% (4.27%. 5588 ktoe (AiHHE T ~)) .
E\ 36% (19.15%. 25,088 ktoe), /31 ABREL 25% (6.65%., 8,712 ktoe) & 72> TV 5° (& 31 ),

B AEDP Tl, 2036 4% CICHAMRET RLX —|2 L 5% E%L 19,684MW L4 55 T, iR

3 A AFEE L Y 51, http://www.un.org/en/devel opment/desa/popul ation/
4 JETRO & HFL v 51, https.//www.jetro.go.jp/worl d/asialth/stat_01.htm
5 “Thailand Integrated Energy Blueprint (Special Issue 2016)”, EPPO Journal, Ministry of Energy & v 51,



XKL E S 6,000MW, B /1% E % 3,002MW, /A A4~ A FEHE % 5,570MW, /A 41 AHE %
1,280MW (NFRIZBEFEK - #)C 600, REHEW T 680), #lmiFEIY (MSW) 500MW fil & L Tuy
Do —J7. A FREHT, 8,712 ktoe & T HEHEIT, WERIX, A A =X /) —/L 2,103, A AT 4
—VP L 4405, [EHEA XL H A 202837 TND (3245M) 8,

72 B, [FEHE P AT 3L — BRI & U<, OFBH OFA = 2L X — i oo % i (4=
PERE ) & B LRREFIC0 5 BR% 2 E HRY) . @A L —45E - FIH - (e TS 0Lk (75
X —EPERONEEBE DR Z BRY) . @OFAT AT —IZHT LMk E FE~DEL D
KT 78 ADPEFE (FAT RV F —A0E K OVHE ONFAb & Rt ioxh3 2 B R -CHfEs B i) 23
BT ONTEY . A FREHZ OV TR, FRCAFZEBRRE S AM B RO EREA BT b T 5,

£3-1 RETRIILX—ER:TE (AEDP 2015~2036) BHZ

Share of RE (%) RE
: Final Energy
Consumption .
Energy Status Target T Consumption
f 2014 2 at 2036 (ktoe
asof 20 by2036 |\ 2036 (toe*) (ktoe)
Electricity 9 15-20 5,588.24 27,789
Heat 17 30-35 25,088.00 68,413
Bio-fuel 7 20-25 8,712.43 34,798
Re: Fina E
e Final Energy 12 30 30,383.67 131,000
Consumption

* ktoe: kilotons of oil equivalent (FiiM#L%E T )

= 3-2 $7 AEDP (2015~2036) IZH I+ HEHABEIRIILX—4EBERIE

Status at the end of 2014 Target year 2036
Fuel types T 6 1
10° litter/day ktoe 10° litter/day ktoe

1. Biofuel 2.89 909.28 14.00 | 4,404.82
2. Ethanol 3.21 872.88 11.30| 2,103.50
3. Pyrolysis oil 0.53 170.87

. essed bio-meth
4. Compr 0-methane 4,800.00 | 2,023.24
(ton/day)
5. Other aternative fuels* 10.00
Total (ktoe) 8,712.43
Fuel demaf‘d n 34,798.00
transportation sector
Rt : :
. atio of blofgd production 25,04
in transportation sector (%)

* such as Bio-oil, hydrogen etc.

“Alternative Energy Development Plan (2015-2036) " : = R/L¥—% (Sep, 2015) FHEI K OVEREE L 0 5H,
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EDREDIT)

UED XSt mob & T ¥ A BUFIXRIENCE S IZIAFET 2351 A~ AG TR O A Flilgk 31
FREL < AR (@R Y Vv s A% ) —)L - LPG) ZETHEMOBREAITY 4 <% -
PEFEWEILD A — 23— U — 2 S A FIREP A~ ORI OB ) D707 m v = 7 by THIER
R O RS R 25 i i  (SATREPS) 2] & LTH A B b EE ST,

3—3 BADNAAIR LI 2—IcxtT DEMAERY JCA DOIEBAE L EE

TAENT 2012 4 12 HICHRE LT Teb &« EE ERERBGEE (RS 5THE) | 128\ T, Z A1 1%
HFHEEIA D L2 b OO, FREirts - BRFE BB ST 72dIiZid, B imsfbz@m s s
RFRENEEL L) 2T, BIETLHD XA L, AR S— T —L LT, MEOMAZIERL
e a2 2 L X, PR T DB IO T AMEEOBLRN D RN TH D & LT
Do Flo. BARE Z A OBUG - #%FF - #ham CORE BB A B E 2 7oA S — h— oy I
S&, WHOFRIEHEZ D72 N D W) a3 5 ARG E 2T HH LTS, Z2OH T, TR
TRV DT & AT DAL A~OXIS ] 2T, B ¥ A B X D8F58RE 1A b, AFSTRSBE ORI ST T
DIy NI =7 Wb DOTIEEITH 2 L 2 EHASE (FEE) SAEST VD,

7%, FIBSEHRE S LC THfgEReim b - x> b U—28ifk) 2481, 2odc [HFgEeEHm -
Xy hT—=2ifb] @B N7 7T Ll LTHET B, AFRIZZOHEHIEET D, £,
SDGs = —/L 7 [ 7 AND 7= DR FHE T, ZE LIz Fit T RE CILR R = RN =D T 7 A |,
KT —/L 13 TRUEEB) & ZDRB~OBAOXL) ITERTH B2 b, FAITBITHIN
FTONA AREHCBT 5 FREE LTI, LT ORMENFERF A, ETEPTH L,
© FERERNA A~ A Ok AREHE SR HR (2010 45 5 A ~2016 4 3 H : SATREPS) ’
cARSER E AN A ADE AT DY ) — 2 TR RFIRNEE B L EH G OB %

nY =7 b (2013~2018 4F : SATREPS) 8
s WA AT 4 — BN OERIEORFE (2010 45 5 A ~2015 4= 3 H : SATREPS) °

3—4 thoEMMEICLS T+
Friz7e L,

3—5 EEHEOBELRE

MHFEERFEEOT 2T 0 a K (XA GE - ynansdumineds | He5E : Chulalongkorn University)
13 1917 FITRRALE AL, A ICBW TR TWEREZ 5, DOENOREEFNTH Y . HEH D E
NERFETH D,

Flo. ARKRT TV xl MIBTL CIPHREL RS, RFaTurar K% A 4~ ARt 31 ¥
—B L F =L, EFAA A~ AFIHER 2 L TR | EIRFFECIEE - I THEgffic b A2 A L
TW5,

I BT, ZAMOMTERIE ThH 5% TR #d% (Prof. Dr. Tharapong Vitidsant) 1%, [RIKFDIcHEl

7R =7 YA MTHEEHRASH Y : http://www.jicago.jp/project/thailand/011/outline/index.html
8 kU =7 A MIHEFHIH Y : hitp://www.jica.go.jp/oda/project/1300724/index.htm
9 KU =7 A MIEFFSH Y : https://www.jst.go.jp/global/kadai/h2203_thailand.html
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Wbl 28E Rty NU—252F LTV,

F 7 ARBFTER S D TR A ARE IEFRIRICBIT A EA T2 P 7 MIMESIT LN TEY .,
FagurarREOYVTTY « AL RAREB =2V F—F o ¥ —21F. BRI FT ko oF7
7 v MEE (RIS ZHRBINEE . BILRFPEN) &A% ) —VEROXCF 770 b (EERK
JRHS) DRESNTWD, ZOAX ) —ILVERORF 7T hTiEfiiEo ANz Ik > T LPG
DOREBEFELFRECTH DR L, BERMIEBREZH L TWD,

F2 PTT I, R AFZE, AMFELITH) =N —FETILZ A THRROBFETHY PTTRTI

DB E 22 RER - WM 2RI Lo, PTTRTI A% v 7 L5 U TR 21TV, kot

HFRIEORF L ARETH D, 2B, PTTRTHIZNETICA L O TOWHFEBLEEIC

Hb,

X5, HFEEW IO NRE #1E, =—0 UL v b - MBS LG 21T - Tk
D EMELORSE AL U | TRIAW S A < A G R A XA BARRY 22 AL L 2 5 0 7o RO et &
ARETH D,
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4—1 JoPzy MRE
(1) 7vv=7 FOBRLESR

AK7mayxr ME, LRI 7 0y =7 NOWs & EMEIZ AN, IST L OILFFZE
E LT, A OWFFEREEE & IF . AEICEE IR T 231 A~ 2GRN O A Ffas A 4
PRBE « AL (B - Y Vv e AZ ) —)b « LPG) Z RS 25 OBIE 24T\, 2>OHF5EH
RO RFEREL BIET L & bIo, S EMEBE ORI b8 Ul o 27 A0 O Re
BEL, ALK VZEITH>HLOTHD,

AK7maYxy FNTHEGEET DR REIL. =X F—DOWMMNMEFEREWZ A OBUR,
HIZIH OO THY, FMTFEKETHLI T 2T a v REOVT T U - A F~ ARE
ANF— L —E, BRI A ARV F—JigZ 03 oV | FT B E A X J —VER A 1
Yy T MR LTWDZEnbb, ARMOEFEAN CoABLOR, Al SOSEE, EiR
JUNT) L ZADNAAF v ARG, EEEEOMS, MR - M OB o T, RN
DENED B B LRIFIENZATAIRE TH D, DM, ICA it 17 vy =7 s oA Tk
[FRF7E A Ehi 3 2 IWARER TH D,

I BT, HAROWFFEHERNIC & > TIIAMFFERR-EIC I T IST F2EIC L 5 EN TOMFFER % % it
D5 LR, REMH 70y s ol - Mgl Lo TS v R - BEEMEIOF]H
IZ L DR E EBICX D EMABENED NI A v "3 D, £io, KFuev=cs N TH
L To BT RER DS ISR 2 7+ — RNy 7 LT, HARIZEIT 5 B e 2 FridfiBi s o
FEGsZ &b,

—F. A DE} - W L o> TIL, BATERIE SN BEAT-CHIZER 2 EfEL LT, %
NEZATHE LT b O - bS5 2 ENTE, FREDOHFZERR R 2 B EiF 5 2
ENWIRECE D, £, HEEEERT D Z LT, XA MIEREEBI OMFZERSEEE S O Rz
IR0 WFFERCR D ASEAN GEERCHRA~DE K - A/ X—2 g VIZHEBRTE, BRLFERED
AREMEIC D7 RN D Z ERNHIFEE D,

(2) Fur=r FOERKS (HFERILRIERE & AR
1) FEhutkBd (C/PHER)

A7V = hOFEEEIL, [FaTorar k), IPTT). OV INRE] @ 3B TH 5,
BB O EIIREHORD LBV,

A7Vl NTIELTFIZRRBRT DL I3 ODOMELERET LN, 2026, FaFdura
VREDPEE LD O ERE 3 E TORRIIHPD LT XTOEBCETLEZ b 2L b, TrYx
7 MARROEMHRE L L THEMZEHRE O, I & DE1T9,

TuYal hOREEERE (el NV E—) EEEEEE (TuYes bvr—
Tx—) I, EbiZTFaTurary REOEHE LTS, PTT & NRE #LIL 5 - OB & L
TVENEIER L & R 2 DERUZ DD DFEIEENCEE S L. ZOBTICEML A b2 & & i,
B 3 DA FEEICEET DR, W, XIREITO ., £7o. 3OOMBRENENICKHET D T4
A7 s F—Ah| KL, MEORLENEENCSIN L, BERERSH - WHEITV-oo, 3
[FRFSE « B2 FhE L TV FETH D,



Tuvx bhA NI, BRI 22 ICh DT 2T urar REE LR EiaGEr s L, I
ITUTHFRIEB O —I%, EFEERO A vy b A FE LT, FadrraryRyEo¥7 7
U eT 7 ) R=v o Z—MNIIHD (N AR R VX — o Z—] (N arzing
HCK 2 IRE[]) TIT 9,

BT, WFZEREE (RE) 1[G C T, PTT & NRE #HIZB W T HAFZER R IR B 2 —E =i 5
(=& z1E, PTT OBA, 724 YITH D PTT RTIIC, s - oIz e 77 > i
BNESTERY, FT EBr - o &2 1L, Fa7nralREOYT 7Y « SA F~ ARELT
FNF = F—TOFERLIWITLTCREDOT A &7 Z & 2 E, NRE O HE, ek,
Ht7Z o F COMRIEENI R | JFMEIOMG E 770 - A v RPN F—tk ¥
— CTORFEEE~DB NN CIRERIZN, 7oy =7 MM I ERPHELOBR OB 21T -
THH I TE),

IRE. HAME - ARSI X D EERAL RS AREL - AL SR O B AT B RS S o ) H
RHEZY | PR ZRHIER A /X7 ROFBLZAIRBIZT 272012, FadrrraryRyExidls
e L7z ICC R L, DR ARERILE L T a7 FoFME - 4 7 DK E B
TZEET5,

TaYx 7 NEREROFEMZOWTIE, RIDZEO Anmnex VIl (1) KXY (2) LT, IFrYy
=7 MM (3530 ) ITRSINTW D,

<AEFuTxzr MEET B 4 oD EH - 5 >

1 FagurarRE0

[FRFIL 1917 AT LS 4L, A BN TR b TWELZ L, DOENOREFHTH D |
MR HENLR T T L, FAEBIT. K4 TAN (56, FHAE26 5, B 098 5, it 027 5
L), Fim, #HE 4270 NiX U, KEERE (2842 ). ToOMER (796 A) L. #8000 A%
ENEEE (2015 4EBIE) . AN DORFE L ORI HEEA T, BARE OB R HIEY (BEIZ 212 1 D
HARDKZ 720 LHEEE & X — F - — 1 Tk

[FIRIZIZ, 2L DR H Y | A L B g 585 (Faculty of Science) &, o 1o, %
o DB, AL BT L FRHE, b Ed 7 EL (Department of Chemical Technology) |, [Fl%#%}
1% 1959 I AIIRR & dv, AT, AR 2,000 A, & LERFE 400 A, LR 20400705, F
7o, BEIZ, BUE 2T 4DERE (06, 164 OHE SO 2 ANFFEAREK L 70D # TR Bzl
e NWAOFEGRBE), FFRBO 1T FEBERCERE, REENRH D | 18 Mg - E
BRARIL L O RDHEEN S D,

2B, RROEEIZZICE/F»SOMIEE2IT L0, HEETHDRLTWD —F, FETRIZE
RT 1,788 H /3 — (1,661 FH3) A%t L TEY ., FRIWEHNN L OZFER W LILEFEE 41T,
1,419 5 58— (731 543) &M 8FZ HDTWD,

10 KOKFEY = 7% A b :hitp:/iwww.chula.ac.thien/ K OWRO i1 X Y 51 - 5347, “Chulalongkorn University; Facts & Figures 2016”, “A
quick Tour of Chulalongkorn University”
11 MRy =794 b X V5IH : http:/iwww.chula.ac.th/en/about/cu-at-a-glance



2. A A~ AT B —WHNI D D [ A~ AR R X —F v s —] (FTTY - A F~
At A —)

FaTrarar K [ I~ ZRBE 2L X —F o 7 — (3, BEAAL I~ ZFIHEM 228 L
TEY ., BIRFELIE - IMTEIRIC bR AZA L T D, ANraZinbHETR 2 #H (100km),

Fo. FAROWFRAEE Th DX 7K %2 (Prof. Dr. Tharapong Vitidsant) 1%, [FIKSO 7T
Bl JTHSAEME AN AR Th o 7228, 2016 4F 3 HICEFBR, L2L., 653 E TKRD 5
IR Tl Eft & B2 B0 | R E2ED D Z L1l > T D, BUER, [FIRD /A A~ ZHf
RWHEMIET D A~ AR =RV T — X —ROEKIZH O | FEFEIFIE) D FEREIZE D IE A
WREF L XA DEFHICODEDEERF Y NU—7EHLTWD, £, FBRITE VDT FT
B, AF ) —NVERE, CLILFOMEZEFIToTCETEY ., ZUHICET HimCiX 50 M4 #
ZTW5,

FREUTL ., RKRDOT7 TV — M (Asst. Prof. Dr. Prasert Reubroycharoen) (%, BfE4Z 7R
HROb L, HELFRHTERREIC 2016 24 A L VT, 77— FRIZ, &b e, BAM
REEOF LK FHEZRZO T CHEREL XTI, BIURFTHLOPZIGL TEBY, CLILT
DI EENEE T D, ZOXI i bdH ., ZNETIOAULEDF2T7mr a RENPHD
HHPEZELURFEIRECTZ T ANTEY | WEZIIE2EELOPMNZIGE L TWDRE Fa
Fnrary R EILRY: L ORRITEE TH D,

7B AR D TR ASA AREL ZRKICBIT2ER TR =7 MIESIT HTE
D, Fa7urarREONL I AR X —8 ¥ —121F, B FT GRoORF7 7
NEE (KA =R SOGES . & LR &A% ) — NV EROXF 7T 0~ (BERKS
) ZREESNTWD, ZORAZ ) —=NLERDORFF T2 hTEMEDO AN ZIZL > T LPG
DRBUEAEEDLFRETH LR E, BERMAEELZALTND,

[F o & —13 2009 12 & A BUN TR CEBR A TOIL, IRKZREHNIZ T T > Mgk 23545 S
THRY, FMZE - EEERHIOME L LTE, A A ABRICER> T IE, Fadrrark
FoE LR (bFEET R 50 A 15 A, MR 24, S HICARARY 14 (20154, &l
RCHLERRTET) 28, e,

FTRAAL A~ AR L F— o —DRSFHERHATR & LT, T FPRIILD, 130 4
BDITAREAL 7 (T 7= x b)) BEASNTWD, REBIIEOBSITIX, R B SR A #
Y7 BAIIMAT, 440 V=7 (9bFadnraR¥Enb 24, EHIZPTT XUPNRE
FHNHAL4), EHIC 24 DELFAZITFENEFIEL5E GF114) Lo TnD,

[/ A F~ ZRE = RV —F o — DR ONFFEIEEN & L TR, TP-Au fRBEHIER 2 G 2 D
o a0 S OESEERL) (Preferentia oxidation of Co in synthesis gas over Pt-Au catalyst) <0, [ 7%
¥ = VO BEFEY O HEIFIALEL ) (Treatment of waste coolant by crustacean shell) %5738 %,

12 2 F R HBORBEIIRO L BV http:/lwww.sc.chula.ac.th/department/Chemical_Technol ogy/staff/tvs.htm



3. PTTS

PTT X, # A TR AEE, AMFELIT) =3V X —BERET, FAERKOBETH,
2 OTFTEERT 5, R, R A, AIMOERIE» ORER, A, s, Hi, IOEE CiR/A
WEBZMHW, B2 D TIRETO—BHELZIToTnD, EiaHidd o PTTEP (PTT
Exploration and Production) 231 L Tk |, AjhkERE3IT TOC (Tha Oil) X BCP (Banchak
Petroleum) 72 &, 5EUMFTICEARSINL T\ 5, 728, PTT IXZEE I NTHRE =1L F— {2
~NERET S Z LA LT BIROBEBIR T T < A CORMFTEH S, AR
MEFEEIZBNTYH, 7UTHETRE &L LT DHER,

PTT |%. 1978 4EDH5HII% (Petroleum Authority of Thailand Act) 12 &> T, TEEA FICER&H
T-BON2KEHE OFEE ¥ L U TAIRKR, 2001 EICkkAS L 220 | [FI4E 12 A2 X A GRS FTIC
FHEL, —EERE(SN (“PTT Public Company Limited”), EAES . Z A MEE DR O
52.32% = RA L C\5, MEHEDEAHET DK 68% %, ¥ A BUNFAHE (PTT IX 1959 41
FLFRES 2005 (EAMEBEHECTHE SN DEEREOHIIZH Y | £ DEBITAESED—
e S, MBEAREOMBRNAZBEHL TWD),

AAtix, 555 Vibhavadi Rangsit Road, Chatuchak | ,

KD TIE, TrloiF#EHE > Z L 2MEL TV D,
< N FPREFE ORI AT (B OB AR BRI & —EHH 5)
< N FPRBVERFIRRGE - ERE
- TR - B RS

4. NRE™

NRE #fiX, 2011 FAIE T, =—F ULy b - BEEYEREHGE 21TV, £722 11t
I 160 km? D — 1 U Febk A A LT D HRER, 72ds, AfEAER OB E % [Eastern Energy
plus Company (EEP) ) 13, ZHBEFMEEITHOMECTREN S 4 EE L, BlEMH 4,000
HD, THEHDN T TV DO (BARMZRFEITIARH), B, FaTrvrarRKFe EEPHEIT
U, izt s LT, 770 « R F v RARE =NV —k ¥ —12C, FEEW (77
AT 4 v 7 - BIERT) DA A VEVE (Pyrolysis) KON L (BEAA V) OFEBRIIFEZIT-> T
Wb,

NRE Atti3. 19/251 UM Tower 25th Floor, Ramkhamheang Road. Suanluang , Bangkok | (/3> =2 7 5§
). Fioo N A~ ARGETHITRO LBV 2 BT (Chachoengsao ¥ K (8 Surat Thani §%), 7235,
B A AN S A A~ 2B R U 7= R Bk O % & FHE 1 &,

- 7 : [Ai#] 154-0-96 Rais. On 304 Road. Amphoe Phanom Sarakham, Chachoengsao Province (7 =
T A RFEONA T AR LT —8 o F— B 120km : LREIZ E), R LG,
T N IREH R OAEEHE~ 2=y —D 24 2130, ¥R, XEEE (FHBER. i
B, RI7A41—%), i 50~60 ADME\ TS,

[#%] 86/5 Moo 2. Highway 4032 Pak Chalui Sub-district. Tha Chang district. Surat Thani

13 [tk v =794 X Y5 : http://ptt.listedcompany.com/links.html http://www.pttpl c.com/en/Pages/home.aspx

14 FtO T = 7% 4 FROEZEMR XV 5IH : http://vww.nrethailand.comv/en/index.php

15 ZREEBPETIX, [ EEP FLIFTNT NRE AU & b 1L LTORMSH Y, RAtbo v =744 & (GG 3 ko Lk,
http://www.easternenergyplus.com/eng.html



- B : 9.90 MW biomass power plant (E 7283 SN TS biF T <, BEATRFEER) [X5
&bl
CREHHA Ly MERE OREA~ Ly 1) ApERe ) [HT#] 1,800 tong/month, [ %] 3,000 tons/month
- k77 > & (Briquette Charcoal) : “EFERE 77 200 tong/month [ Fij&]
- ANEF v 7 AFERET) 12,000 tons/month  [FiTF#E ]
[FfEDO AL FF v — () #in41EL. TNCQ BIO-CHAR Briquette Charcoal | 6,
KO TIE, FRROEBIZHE O Z L 2MEL TWD,
- BiHnJFURHRAL - T
- RBRIEER S ) /)
- FEAL - FEMERE

2) AU Y — Al T REME

A7 Yz MM SATREPS &£t & LT JIST & JCA MWELRIEMT 25 H DT, B ARMAFIE LB
ELTRRICENE KFHEANEILREDEE SN TND, YEERKFEOHKE - FEE S DI OMBEIC L 5
HARMEMFE T — 20 FEAM GEIEMZEEM) 1IBECY A R T v 7 &N T Y | Z A (IBFREES
EIL[EMFTE - BRR A FEMET 2 5 2 TO BARJO A Y V) — AR R /20,

TIVD D AT Y FEEIFRE TR R IR LA LB ARENE X A L ORI
TR Y =7 b TRIGT 2 HIFRES B T EDMA, BB, REZEBL T, A aY
=7 M CTOKFEIE - BFIZEB T, 2O ORRATEH L TR - S22 0 2 ff 7 - 5 H
TX5AEEE A LTW5, 2k, HAMEME T — LAOERTEIX, BERO X 2 I2E ILRFORH
BN L R & L CEILRFPOKILNEEEZ D | RO LRI - B ORETEE1T 5 2
LlloTnd, BILKRFEF aTnmrar RPEFIRFPHRMHEZFE L TR0, ORIk
IR STV D Z LT A  AEHFZIL X A MRFFEREE TH D ¥ 78 v #if & RO IR HE
BAEA L. GBI ITB R AEEZ BT RS TW5, £7-. 7T — MNEERIL, B R 0%
ETHY ., BE AT N— T CHE 2 BN E N TN D,

<BFFEAREFHE DR N EAT - R >

Cl bR IC IV Tl MFERER (WFEdR) ARSI T, HRMZREEELA L, R
SEBET CRBER A I D IRALKF AR, BEURMIEES S, & 72 Ui A2 50 L FT AR A %
— VAR DFAERRIEZ ML L TV D,

2B EILRE - EFZERIE. BARENTXTO BTL, GTL, CTL'HFEIcBMLT&E TR,
ikl SOGgR. TRt RN SIS E THEEZITo TV D,

Fo, EEDHMEED 1 ANTHDHEEILI (HIBD) (X, A%/ — VAL L B4 T 4 NMlliEo
WBRRA ML Z VT, BT A0 LPG ZEBEAKT 2% BHFIT>T\5 (Appl.Catal.A,
2014), ZHODIIEREEDETHEAEZTEN LT, O EMEREZ: T34 & Z Uil (2 K DR
RARRBHRLER AT, @ Th 7R Afit] 2k B8 Y ) AVRREHRIE R, @ ERIC2WET )2
Vo BRI TIRIR - RE) T ToX % ) — 8GR, @ HilREEARiEIC k5 LPG
EHEM, 2T ENET HEHETH D,

TR A SR

16 [FttD Y = 79 A MZBMEOFHH Y http://www.ncgbiochar.com/en/product.php
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BOEHOLAKE CTH D, o thn, 20— EHOEHOHEIZ L > TTF ey =2 FHIE
DERSINDZ ENFIAENS,
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OMEAMEZ A LTERY ., 29 LIEEAEOEER CLALFHAN « oA A~ Rz <,
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1. M/M (R/'DEZZEL)

MINUTES OF MEETINGS
BETWEEN THE JAPANESE DETAILED PLANNING SURVEY TEAM
AND
THE AUTHORITIES CONCERNED OF
THE KINGDOM OF THAILAND
ON
JAPANESE TECHNICAL COOPERATION FOR
THE PROJECT FOR COMPREHENSIVE CONVERSION OF BIOMASS AND
WASTE TO SUPER CLEAN FUELS BY NEW SOLID CATALYSTS

The Japanese Detailed Planning Survey Team (hereinafter referred to as “the Team™),
organized by Japan International Cooperation Agency (hereinafter referred to as “JICA™)
and headed by Mr. Hiroyuki HAYASHI, visited Kingdom of Thailand from September 4 to
September 16, 2016, for the purpose of formulating the technical cooperation program for
the Project for Comprehensive Conversion of Biomass and Waste to Super Clean Fuels by
New Solid Catalysts (hereinafter referred to as “the Project™).

During its stay, the Team had a series of discussions with Thai authorities concerned
with respect to the implementation of the Project.

As a result of the discussions, the Team and Thai authorities concerned agreed on the

matters referred to in the document attached hereto.

Bangkok, September 16, 2016

Mr. Hiroyuki HAYASHI Prof. Bundhit Eua-arporn, Ph.D
Leader President

Japanese Detailed Planning Survey Team Chulalongkorn University
Japan International Cooperation Agency Kingdom of Thailand

Japan



ATTACHED DOCUMENT

L TITLE OF THE PROJECT
Both sides agreed that the title of the Project will be “the Project for Comprehensive
Conversion of Biomass and Waste to Super Clean Fuels by New Solid Catalysts”.

II. RECORD OF DISCUSSIONS

The Record of Discussions (hereinafter referred to as “R/D”), which stipulates the
framework of the Project, will be finalized and signed by the representatives of
Chulalongkorn University (hereinafter referred to as “the University”) and JICA Thailand
Office after notification of approval of implementation of the Project by both the University
and JICA Headquarters. Though both sides agreed that it would be desirable that the R/D
would be signed at the earliest, the schedule is subject to change in accordance with
approval process by the authorities. Both sides agreed on the provisional R/D shown in
ANNEXURE.

III. FRAMEWORK OF THE PROJECT

1. Project Implementation Scheme

Both sides noted that the Project is implemented under the “Science and Technology
Research Parinership for Sustainable Development” (hereinafter referred to as
“SATREPS*”) promoted by JICA aund Japan Science and i
referred to as “JST”) in collaboration.

JICA will take measures for the technical cooperation such as dispatch of Japanese experts,
provision of equipment and training of personnel, and other supports related to the Project
in Kingdom of Thailand. JST will support the Japanese research institutes/researchers for
the Project activities in Japan.

The Project will be carried out in principle under the normal procedures of the Japanese

technical cooperation scheme.

*SATREPS aims to develop new technologies and their applications for tackling global
issues, and also aims at capacity development of researchers and research institutes in both
countries of Japan and a recipient country.

2. Project Implementation Arrangement

Both sides confirmed the project implementation arrangement as ANNEX VII of the draft
R/D.

n
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3. Project Design Matrix (PDM)

Both sides agreed to use the Logical Framework (Project Design Matrix: PDM) (shown in
Annex I of the draft R/D) as a tool for project management including monitoring and
evaluation of the Project. Both sides confirmed the PDM version number 0. The PDM can
be modified as needed during the Project after mutual consultations by both sides.

4. Cooperation Period of the Project
The duration of the technical cooperation for the Project will be five (5) years from the date
of first dispateh of JICA experts.

5. Project Site

Both sides confirmed that the Center of Fuels and Energy from Biomass in Saraburi and
Department of Chemical Technology, Chulalongkorn University will be used for a core
research laboratory, and project activities will be carried out mainly there. Additionally, a
part of the planned activities will be undertaken by PTT Public Company Limited
(hereinafter referred to as “PTT”) and Northern Renewable Energy Co., LTD. (hereinafter
referred to as “NRE”).

IV. TENTATIVE PLAN OF OPERATION

The tentative Plan of Operation (hereinafter referred to as “PO”) for the whole project
period is shown in ANNEX II of the draft R/D. The activities of the Project are subject to
change within the scope of the R/D with mutual consultations when necessity arises in the

course of implementation of the Project.

V. EQUIPMENT NECESSARY FOR THE PROJECT

1. Equipment List (provisional)

The provisional equipment list necessary for the Project is shown as ANNEX IV of the draft
R/D. The Team explained that the equipment to be procured under the Project should be
carefully selected with due consideration for the necessity and justification as well as
various factors including capability of the Thai researchers, budget appropriation,
availability of technical support and ability for proper operation and maintenance. The Thai
side agreed to it.

2. Operation and Maintenance of the Equipment
Both sides confirmed that Thai side should be responsible for proper operation and

maintenance of the Equipment provided by the Japanese side, whose property shall belong
to the Thai side.

o



VI. OTHERS

1. Joint Research Agreement between Japanese and Thai Research Institutes

Both sides agreed that the University and relevant institutions in Japan and Kingdom of
Thailand should reach an agreement to execute the collaborative research in accordance
with the PDM of the Project in the draft R/D.

The agreed documents (the Joint Research Agreement) should contain the necessary items
including intellectual properties.

2. Joint Coordinating Committee (JCC)
Both sides confirmed that Joint Coordinating Committee would be established as shown in
the draft R/D.

3. Other Remarks for Implementation of the Project

(1) Burden sharing between JICA and the University on equipment/facilities necessary for
the Project

Both sides confirmed that the University’s responsibilities on equipment/facilities are shown
as I 1. (2) in the draft R/D, while JICA’s responsibilities on equipment/facilities are shown
as II 1. (1) (b) in the draft R/D.

(2) Allowance for domestic travel expense
Both sides agreed that domestic iravel expense including daily allowance and

accommodation expenses for Thai researchers should be borne by the University.

(3} Involvement of relevant ministries and agencies in Thailand

Both sides agreed that relevant ministries and agencies such as the Ministry of Energy,
Department of Alternative Energy Development and Efficiency (DEDE), and/or Energy
Policy & Planning Office (EPPO) should be involved in the JCC, other related conferences
and seminars for accelerating achievement of the project purpose, especially for social

implementation.

(4) List of machinery and equipment

Both sides agreed that “List of Machinery and Equipment” shown as annex IV of the R/D
shall be filled out by the signing of the R/D.

(5) Third party liability insurance

Both sides agreed that the University shall cover necessary third party liability insurance for
any accidents against third personnel caused by any activities through the Project period.

P



{6} Economic analysis and evaluation

JICA emphasized that in order to develop the road map for social implementation, it is
important to conduct economic analysis and evaluation, such as cost estimation for the total
process of biomass to liquid, and simulation of collecting raw materials and competition in
the domestic market, etc. Both sides agreed to commence preliminary analysis and
evafuation work from the beginning of the Project.

(7) Contribution to mitigation of economic disparities between northern part and urban
areas in Thailand

JICA emphasized that the Project is requested to take into consideration of collecting raw
materials from northern part of Thailand utilizing East-West Economic Corridor (EWEC),
in view of mitigation of economic disparities between northern part of Thailand and urban

areas.

ANNEXURE: Draft Record of Discussions (R/D)



Draft
RECORD OF DISCUSSIONS
ON
THE PROJECT FOR COMPREHENSIVE CONVERSION OF

BIOMASS AND WASTE TO SUPER CLEAN FUELS BY NEW
SOLID CATALYSTS

IN

THE KINGDOM OF THAILAND

AGREED UPON BETWEEN
CHULALONGKORN UNIVERSITY
AND

JAPAN INTERNATIONAL COOPERATION AGENCY

Bangkok, MONTH XX, 2016

Mz, Hiroo Tanaka Prof. Bundhit Eua-arporn, Ph.D
Chief Representative President

Thailand Office Chulalongkorn University
Japan International Cooperation Agency  Kingdom of Thailand

Japan
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Based on the Minutes of Meetings on the Detailed Planning Survey on
“the Project for Comprehensive Conversion of Biomass and Waste to Super
Clean Fuels by New Solid Catalysts” (hereinafter referred to as “the Project”)
signed on September 16, 2016 between Chulalongkern University (hereinafter
referred to as “the University”), Petroleum Authority:of Thailand (hereinafter
referred to as “PTT"), Northern Renewable Energy Co., Ltd. (hereinafter referred
to as “NRE") and the Japan International Cooperation Agency (hereinafter
referred to as “JICA"), JICA held a series of discussions with the University and
relevant organizations to develop a detailed plan of the Project.

Both parties agreed the details of the Project and the main points
discussed as described in the Appendix 1 and the Appendix 2 respectively.

Both parties also agreed that the University, the counterpart {o JICA,
will be responsible for the implementation of the Project in cooperation with JICA,
coordinate with other relevant organizations and ensure that the self-reliant
operation of the Project is sustained during and after the implementation period
in order to contribute toward social and economic development of Kingdom of
Thailand.

The Project will be implemented within the framework of the Agreement
on Technical Cooperation signed on November 5, 1981 (hereinafter referred to
as “the Agreement”) and Note Verbales to be exchanged between the
Government of Japan (hereinafter referred to as “GOJ") and the Government of
Thailand (hereinafter referred to as “GOT").

Appendix 1: Project Description
Appendix 2: Main Points Discussed
Appendix 3: Minutes of Meetings on the Detailed Planning Survey on the Project
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Appendix 1
PROJECT DESCRIPTION

Both parties confirmed that there is no change in the Project Description
agreed on in the Minutes of Meetings (hereinafter referred to as “M/M”) for the
Detailed Planning Survey on the Project signed on September 16, 2016
{Appendix 3).

l. BACKGROUND

In recent years, global warming is one of the most important agendas in
the international community. In order to address this issue, reduction of usage of
fossil fuels is required to decrease the greenhouse effect gas such as COx. In
the Kingdom of Thailand, there is a long history on the research of alternative
energy. Development of bioethanol and biodiesel has been addressed as parts
of the Royal Projects since around 1970, however energy from biomass is
currently generated from edible biomass such as oil palm and sugarcane. In
order to refrain from competition against food market, it is preferable to avoid
utilizing edible biomass. Thus Thailand recently has an emphasis on developing
alternative fuel especially from non-edible resources.

Based on this situation, GOT has set the national policy that the
percentage of alternative energy to fossil fuel will be increased up to 25 % by
2021. For achieving this target, GOT has promoted biofuel for the purpose of
transportation which has a big impact for global warming. However, there are
several technical challenges for dissemination such as quality level of the
biofuel.

Considering these situations, GOT requested support of GOJ under the
form of scientific technical cooperation (SATREPS) with aiming at developing the
production technology of alternatives to fossil fuels using non-edible biomass
waste resources. In response to this request, a detailed planning survey was
conducted in M/M that mentioned the mutual understanding for this project as
attached.

Il. OUTLINE OF THE PROJECT
Details of the Project are described in the Logical Framework (Project Design
Matrix: PDM) (Annex |) and the Plan of Operation (Annex II).

1. Input
(1) Input by JICA

(a) Dispatch of Experts
{Short-term Experts]
- Research Leader
- Chief Researchers
- Participatory Researchers
- External Experts
[Long-term Expert]
- Project Coordinator



(b) Machinery and Equipment

- Gasification bench facilities

- Bench plant facilities for catalytic chemical conversion (Engineering)

- FT synthesis laboratory test facilities

- Methanol synthesis laboratory test facilities

- LPG synthesis laboratory test facilities

In case of importation, the machinery, equipment and other materials
under [I-1(1) (b} above will become the property of GOT upon, being
delivered on CIF (cost, insurance and freight) basis to the Thai authorities
concerned at the ports and/or airports of disembarkation. Installation
supervisor(s) and operation supervisor(s) for the above facilities will be
dispatched from Japanese side.

(¢) Training in Japan
- Catalytic chemical conversion technology (FT synthesis, Gasoline
synthesis, Methanol synthesis, LPG synthesis)
- Analysis and evaluation for products and catalyst
- Gasification bench facilities
- Bench plant facilities for catalytic chemical conversicn
- Process and LCA analysis

(2) Input by the University
The University will take necessary measures to provide at its own expense:

(a) The University’s counterpart personnel and administrative personnel as
referred to in 11-2;

(b) Suitable office space in Bangkok and Saraburi campus with necessary
equipment;

(c) Supply or replacement of machinery, equipment, instruments, tools, spare
parts and any other materials including utilittes necessary for the
implementation of the Project other than the equipment provided by JICA;

(d) Construction/ modification of related facilities such as roofing works
and/or civil works;

(e) Information as well as support in obtaining medical service;

(f) Means of transport and travel allowances for the Thai researchers for
official travel within Thailand;

(9) Credentials or identification cards;

(h) Available data (including maps and photographs) and information related
to the Project;

(i) Running expenses necessary for the implementation of the Project; and

)] Expenses necessary for transportation within Thailand of the equipment
referred to in -1 {1) (b) as well as for the installation (in principle),
operation and maintenance thereof.

2. Implementation Structure
The project organization chart is given in the Annex VII. The roles and
assignments of relevant organizations are as follows:

-
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(1) Project Implementation Institutions
<Thai Side>

1) Chulalongkorn University (Representative Research Institution)
(a) Project Director
Head, Center of Fuels and Energy from Biomass, Chulalongkom
University in Saraburi
(b) Project Manager
Project Director will appoint the Project Manager in charge of research
monitoring of the project management, coordination and logistics.
2) PTT
3) Northern Renewable Energy (NRE)

<Japanese Side>

1) University of Toyama (Representative Research Institution)
2) Japan Coal Energy Center (JCOAL)

3) JX Nippen Qil & Energy Corporation

4) HiBD Labaratory Association

5) Tomoe Shokai Co., LTD.

{2) Roles of Person Concerned

1) The Project Director will bear overall responsibility for the administration,
coordination and implementation of the Project.

2) The Project Director will appoint the Project Manager being responsible
for implementation, managerial and technical matters of the Project.

3) The Project Director will appoint Deputy Project Manager(s) in charge of
research monitoring of the project management, coordination and
logistics, if necessary.

4) The leader of JICA Experts (Research representative) will give necessary
technical guidance, advice and recommendations to the Project Director
and Project Manager on any matters pertaining to the implementation of
the Project.

5) The JICA Experts will give necessary technical guidance, advice and
recommendations to Thai counterpart personnel on any matters
pertaining to the implementation of the Project.

(3) Joint Coordinating Committee

Joint Coordinating Committee (hereinafter referred to as “JCC") will be
established in order to facilitate inter-organizational coordination. JCC will be
held at least once a year and whenever deems it necessary. JCC will
review the progress, revise the overall plan when necessary, approve an
annual work plan, conduct evaluation of the Project, and exchange opinions
on major issues that arise during the impiementation of the Project. A list of
proposed members of JCC is shown in the Annex VIII.

3. Project Site(s) and Beneficiaries

Project Sites are Center of Fuels and Energy from Biomass, Chulalongkorn

University in Saraburi (“Biomass Center’) and Department of Chemical
Technology, Chulalongkorn University, Thailand.

Beneficiaries are researchers and enterprises related to the Project.

N
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4. Duration
The duration of the Project will be five (5) years from the date of the first
dispatch of JICA Experi(s).

5. Reports
The University and JICA Experts will prepare the following reports in English.

(1) Monitoring Sheets on semiannual basis until the project completion as shown
Annex IX
(2) Project Compietion Report at the time of project completion

8. Environmental and Social Considerations

The University agreed to abide by ‘JICA Guidelines for Environmental and
Social Considerations’ in order to ensure that appropriate considerations will be
made for the environmental and social impacts of the Project.

lll. UNDERTAKINGS OF THE UNIVERSITY AND GOT
1. The University will take necessary measures to:

(1) ensure that the technologies and knowledge acquired by the Kingdom of
Thailand nationals as a result of Japanese technical cooperation
contributes to the economic and social development of the Kingdom of
Thailand, and that the knowledge and experience acquired by the
personnel of the Kingdom of Thailand from technical training as well as the
equipment provided by Japanese side will be utilized effectively in the
impiementation of the Project; and

(2) grant privileges, exemptions and benefits to the Japanese side referred fo
in lI-1 (1) (a) above and their families, which are no less favorable than
those granted to JICA Experts of third countries performing similar
missions in the Kingdom of Thailand under the Colombo Plan Technical
Cooperation Scheme.

2.The University and GOT will take necessary measures {o:

(1) provide security-related information as well as measures to ensure the
safety of the JICA Experts;

(2) permit the JICA Experts to enter, leave and sojourn in the Kingdom of
Thailand for the duration of their assignments therein and exempt them
from foreign registration requirements and consular fees.

(3) exempt the JICA Experts from taxes and any other charges on the
equipment, machinery and other material necessary for the
implementation of the Project;

(4) exempt the JICA Experts from income tax and charges of any kind
imposed on or in connection with any emoluments or allowances paid to
them and/or remitted to them from abread for their services in connection
with the implementation of the Project; and



(5) meet taxes and any other charges on the equipment, machinery and other
material, referred to in {I-1 (1) (b) above, necessary for the implementation
of the Project.

3.The University and GOT will bear claims, if any arises, against the JICA
Experts resulting from, occurring in the course of, or otherwise connected
with, the discharge of their duties in the implementation of the Project, except
when such claims arise from gross negligence or willful misconduct on the part
of the JICA Experts.

IV. MONITORING AND EVALUATION

JICA and the University will jointly and regularly monitor the progress of the
Project through the Monitoring Sheets based on the Project Design Matrix
(PDM) and Plan of Operation (PO). The Monitering Sheets will be reviewed
every six (6) months.

Also, Project Completion Report will be drawn up one (1} month before the
termination of the Project.

JICA will conduct the following evaluations and surveys to verify sustainability
and impact of the Project and draw lessons. The University is required to provide
necessary support for them.

1. Ex-post evaluation three (3) years after the project completion, in principle
2. Follow-up surveys on necessity basis

V. PROMOCTION OF PUBLIC SUPPORT

For the purpose of promoting support for the Project, the University will take
appropriate measures to make the Project widely known to the people of the
Kingdom of Thailand.

VI. MISCONDUCT

If JICA receives information related to suspected corrupt or fraudulent practices
in the implementation of the Project, the University and relevant organizations
will provide JICA with such information as JICA may reasonably request,
including information related to any concerned official of the government and/or
public organizations of the Kingdom of Thailand.

The University and relevant organizations shall not, unfairly or unfavorably treat

the nerson and/or company which nrovided the information related to suspected
g persen and/er cempany 1 ProvIGed malon reiated 10 suspecied

corrupt or fraudulent practices in the implementation of the Project.

VIl. MUTUAL CONSULTATION
JICA and the University will consult each other whenever any major issues arise
in the course of Project implementation.

YA



Viil. AMENDMENTS

The Record of Discussions may be amended by M/M between JICA and the
University. However, PO may be amended in the Monitoring Sheets.

The minutes of meetings will be signed by authorized persons of each side who
may be different from the signers of the Record of Discussions.
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Project Design Matrix (PDM)
F ofect Titie; Project for Comprehensive Converslon of Biomass and Wasle to Super Clean Fuels by New Sclid Catalysts

Agency & I Agency: C ni

PTT, Energy Co., Ltd.

Targel Group: Environment/Energy sector related researchers and enterprises in Thalland

Perlod of Project: 2017-2022 (5 Years)

Pm[em Site: Thailand

. Marrative Summary

Ob]ectively Veriflable Indicators

Overall G cal

Maans of Verification

The technologies for alternatives to fossil fuel are utilized for creating as
bases to industrialization.

Advancement of private sector development in Thailand toward
industrialization of altemalives to fossil fuel

Reports at Cl University
-Arlicte/documents related to the industialization of
Fassil altemative fuel in Thailand

Annex 1 Logical Framework {Project Design Matrix: PDM)

Dated September 18 2016

Pllot Plant Slte: Center of Fuels and Energy from Blomass, Chulalongkorn University in Saraburl ("Blumass Cental")

Project Purpose

Production technology of altematives to fossil fuel using biomass waste
resources (quality of woad, farm outputs, waste system, etc..) is developed,
and the Project propeses for the social implementation.

1.D the ing process for p ing crude fusl *Project reports/Project Activity Recards
alternative Lo fossit fuel using bmmass wasle resources in Thalland -Design documents
rough the ofa and switch process i and analysis data
2. Confimmation of the availability of crude oil for alternatives to liquid fossil |+ Field data on demonstratian experiment in Pifot
fuel for Iranspartation in a pracm:al evaluating procedura plant
Application of appropriate p {o the crude fuel *Related on saciat
above and ion of the ility of ive fuel i of al ive fuel
3. Proposal of social i ion of ive fuel i ahove and brochura refated to

*Energy pelicy of Thai government (especially on
"BIOFUELS"} remains unchanged.

- Biomass waste resources remains inexpensive
land can ba utilized permanently.

“In case of environmental change arcund the
Project (such as deteriorating crude fuel price
and/or biomass reseurce utilization), supperis and

and its validity, read maps in ling
with Thai paticy)

technelogy of fossil altemative fuel using biomass
wasle resources

irom the Thai govemment can ba
gained.

1.2, Gasification technology of biomass is devaloped.

composition of the gasification gas  (Target of achievable process
condition)

“The ratia of [H2]/[CO] ; 1-2

“The ratio of [H2]+]CO] ; around 80%

1.2.2. Establishment of process condmon and operalnon skills enabling

+Dasign documents

-Experimantal and analysis data

+Field data on demonstration experiment in Pilot
plant

+Procass and result reportsfdata an technalogy

mare than 60% by a carbon factor of ion gas or cold
water gas afficiency

1.2.3. Establishment of process condition and operation skills to reduce
impurities of gasification gas to the level that a catalytic conversion
pracess is acceptable

1.2.4. Establishment of gasification process suitable for the conneclion
driving with catalytic conversion process

*Manuals and brochure related to Prepracessing
and Gasification techaology

[Outputs

[Task1) A is gas from biomass waste 14 i of p i ndition ing on a kind of

resaurces is devalopad. biomass waste resources in Thailand

1.1, Preprocessing technology of biomass waste is pedin |5.2.1. of pracess condition and ion skills by *Praject reports/Profect Activity Resords -During the Project period, biomass waste
Thailand.

{resources remains inexpensive and can be
utiized.

*Destructive social unrest such as terrofism or
<ivil sirike does not ecour in Thailand.

(Task?2] Production lechrolagies such as biofuel by catalylic conversion are
developed.
<Bnodlesel producbon lechnology>

2.1.1. Devalopment of high aclive catalyst

« Project reports/Project Activity Records

-Field data on demonstration experiment in Pilot

«Process and rasult reportsfdata on production

-Manuals and brochure related to production

(Biogasaline, FT)

*§TY=500g-citkg-cat.h
2.2.2. Development of active catalyst {{low-pressure synthetic

and selectiveimp (G510,
iso bady feaction ratio}} having high practical usa properties

2.2.3. Establishment of connecting process condition and gperation skills
with synthesis gas production

2.1 is ped (catalytic + (Target of active catalyst: Productive capacity target) * Design documents
technology). *STY=600g-oitkg-cath * Experimental and analysis data
(Biodiesel, FT) 2.1.2. Develnpment df achve catalyst ((Iow—pressure synthetic
and selective imp {C14-18  iplant

fraction ratio)) having high practicat use pmpeﬂles

2.1.3. Demonstration of Biofuel light ail by lion driving

with synihesis gas production

p 2.2.1. Development of high active catalyst technalogy

2.2, Bit i i is (Target of active catalysl: Praductiva capacity target)

2.3.1. Development of high active catalyst

(Target of active catalyst: Productiva capacity target)
*§TY=500g-oilkg-cath

2.3.2. Develnpmem ol an:lnve calalysl {Low temperature/pressure

selective imp| )
having high practical use pmpenies
2.3.3. D ion of the: Bi p ion by ion driving
with synthesis gas production




<Big-LPG praduction techrolegy>
2.4. Bio-LPG praductt hrology is developed

2.4.1. Development of high aclive catalyst

(Target of active catalyst: Productive capacity target)
*STY=4509-LPGikg-cath

2.4.2. Development of active catalyst (Low temperature/pressure

P )
having high practical use properties

2.4.3. Demonstration of the bio-LPG production by cannection driving with
syntnesis gas praduction

[Task3] Proposals for social implementaticn are made by verification of the
Project products ang formulation of a whole system.

3.1. K is confirmed that biofuels are ulilized as altematives to fossil fuels,

3.2, Road map for sacial implementation utilizing various biofuels is drafted.

3.1.1. Establishment of production process and process condition by
analylical comparisen between trizl products of altemative fuels to fossil
fuel and existing fossil fuel
3.1.2, ification of fuel and ad i enargy
yield, effuent emission characteristic) of trial products of biofuels

.1.3. ification of usage pasition, quality ad] supply
method) of trial products of biofuels

3.2.1. Calculation of various biofuel praducts parformanca (energy
recovery, balance, yield, assumption of production cost) by process
analysis

3.2.2. Calculation of CO2 reduction effect of various biofuel praducts by
LCA analysis

3.2.3. Dratting of road map (include business model, time frame, policy
recommendation, etc.,) through process and LCA analysis

*Project reports/Project Activity Records.

+Design documents

-Experimental and analysis data (compared to
axisting fossil fuel)

-Field data on demonstration experiment in Pilot
plant

«Process and result reparts/data en technology
development

~Manuals and brochure related to biofuel utilization
*Raadmap (draft)

oublication of research papers related to the Project by young researcher
of counterparts in Thailand

3.3. Human related to pi fapplicati yoftha |3.3.1. Pt ion of *Biofuel mar ing test Manuat' ional test |- Biofuel manufacturing test Manual
alternatives to fossil fual using biomass waste are develop of is gas p ion and catalytic ion in ling with -08&M manual of facilities
and ¢onsi; for -Training and HRD reparts
3.3.2. D of ion and mair of f; y 'y paper/Projec ©n bicfuel
for the study of is gas ion and catalytic ion in and di
Thatland P papers at i I i and
3.3.3. of pi ion at ir i i andfor publication of research papers

3.4. Social recogition related to the developed technolagies and/er
provided biofuel gained through the Project is raised,

3.4. Increase of information sharing towards a broad audience relating to

- Public symposium reports

[developed technologies and biofuel product through public
land facitity tours in Thailand

*Open ility tours i) !
fist

- Newslstters/Project brochure

{Remarks) “sty"= "Space,Time,Yield", LCA= Lifa Cycla Assessment, FT= Fischer-Tropsch

At




develop teshnology of bi in with sy gas
2.3.4. Perform test by bench plant in laboratory, and develop practical technolagy using samples for

test.
2.4, Develop technolagy of big-LPG production.
2.4.1. Develop technology of high acl:ve calalys!
2.4.2. Davelop technology for imp
2.4.3. Build LPG production system using catalytic conversions by bench plant scale, and develep
technology of bio-LPG production in connection with synthesis gas production.
2.4.4. Perform tast by bench plant in labaratory, and develop praclical technology using samples for
performance test.

{Task3}Propose social implementation by verification of the Projact products and formulate a whole
system.

3.1.Analyse and evaluate trial products of altemative fuels to fossil fuel such as "BIQFUELS", and
examine for the ulilization,

3.1.1. Conduct analysis of biodiasel /bingasoline fbio-LPG, and o the
of light ol /gasaline / LPG.
3.1.2. Conduct test and analysis of fuel per and energy yield,

effluent emission characteristic) of iral products of biofuals.

3.1.3. Perform test, analysis and examination fo affect the usage (compuosition, quality adjustment,
supply method) of trial producis of biofuels.

3.2, Perform process and LCA analysis, and examina the system.

3.2.1. Conduct process analysis using data obtained by test operatian,

3.2.2. Conduct LCA analysis using data oblained by test operation.

3.2.3. Examine for the utilization of trial products of biofuels and using samples for performance
lest

Consider the Indu:
3 3 Conduct capacity bui
3.3.1. Operale biofuel p tast i gas p and calalytic
connectivity and consxslency) and prepare ‘Biofuel manufactusing test Manual’ .
3.3.2 Develop facilitiss necessary for the laboratory test using cataly{lc canversions, and for the test
by bench plant of gas p ion and catalytic ion.

3.3.3. Conduct & hm 2l advice, training and {er.counlemarts.

including drafting of road map).

in line with

3.4. Gonduct activities for disseminating information through public sympgsium and facility tours In
Thailand,

3.5.5hare i

with related “industry for sogial

for enhancing coliab

~Gasification bench facities
«Bench plant facilities for catalytic conversion
*Process/LCA analysis

{Other Expenses)
-Other expenses necessary for the Project
Activities

- Employment costs for Project stalf (office
workers)

supplies, cosis
-Damaestic travel allowanca for Yhai researchers

AT, rpmr Thputs
Japan [nputs Thaiiand Important Assumption
[Task1]Develop isgas p from various biomass wasle resources. [Dispatch of Japanese Expaits] [Gounterpant Persanns!]
1.1.Develop preprocessing technology. *Long-term Experis: Project Cocrdinator: 1 +Project Director
1.1.1. Discuss and select resource materials used through material study and analysis perscn - Project Manager
1.4.2. Undertake study (o specify characteristics of local bicmass waste resources (quahly of wood, | Short-term Experts: several persons -Representative(s) of PTT and NRE
[farm outputs, waste system, elc.,) and conduct p ing, drying, [{ P ive) -Research Stafis
1.1.3. Design and devalep gasi suitablg fDI’ is gas with «Catalytic conversion technalogies
catalytic conversion. (Chief Researchers) [Land, Facilities, and Equipment]
1.1.4. Perform gasification test using the ireated raw materials {modified materials by p ficati &p CA <Chutalongkorn University>
of local biorass resources. analysis & system -Space for Project office(s) and mestings (Bangkok
«Analysis & evaluation of tial products of and Saraburi Campus}
1.2. Davelop ofa gas i biofuals - Testing & Analytical Facilities
1.2.1. Develop technelogy for contralling gas composnlmns -Catalytic convarsion technologies - Testing Building and Main utility {electricity, water,
1.2.2. Develop tech of high (Participatory Researchers) fuel)
1.2.3. Develop technology of gas purification. - Gasificati &m CA facilities { g, drying,
1.2.4. Candugt trial i ion with catalytic and develap driving analysis & system
technalogy. +Analysis & evaluation of trial products of -Raw materials costs & storage space for tral
1.2.5. Perform test with coal. biofuels pr of bi forp test
[Task2]Devalop production |achnolog|es such as biofuel by catalytic conversion. *Calalylic conversion technologies »Main Facilities (Pratotype of bench plant of
2.1.Develop of bi {Extemnal experts} i ion)
2.1.1. Develop lechnolugy of high aullve catalyst. - Gasification facilities and the gasification -Gas buffer tank, gas flare
2 Davelop tech for impi a production technologies *Waste fluid, residual substance processing space
2.1.3, Build light ofl production system using calalytic conversions by bench plant scale, and *Fagilities for catalytic conversian and the and faciities
develop technalogy of biafuel light oil pi ion in with gas *Space and facilitias for storing raw material
2.1.4. Perform test by bench plant in Iaboralory, and develop practical technology using samples for
test. [Machinery and Equipment] <NRE>
2.2, Develop tech of bi «Gasification bench facilities *8pace and facilities for storing raw material
2.2.1. Develop technology of h\gh active calalys\ = Bench facilities (enginasring) for catalytic »Pretreatmend facilities (crushing, drying,
2. Develop technology for improving practicality. chemical conversion izati
2:2.3. Build gasoline produciion system using catalylic conversions by bench plant scale, and * FT synthetic laboratory facilties
develop y of in with is gas p ic laboratory facilties <PTF.> ) -
2.2.4. Perform test by bench piant in laboratary, and davelop praclizal echnology using samples for | -LPG synthetic laboratory faciiies *Testing & Analtical Facilitios
:_Esmg::;;: lele of i o [ Training in Japan] { Other Expenses] EPe—
+Catalytic conversion technologies *Raw matsfials costs for testing ro-condttions
?3 ge\te:cvp :ec:no;ogy ?f high active cakatlystl ) FT " PG hescic) -Main utlfty (electriclly, water, fuel} +C part agency & g agency
evelop technolegy for improving practicalit N N N 3 . fully and secure their resource
2.3.3. Build methanol production system using r:a(zlyllc conversmns by bench plant snale and - Analysis & evaluation of tial products of biofuels |Waste flid, residual available. ¥

«Confirm place and facilities of demonsteation
plant
«Confirm analytical facility, equipment and utilities

— .

<lssues and countermeasures>

S
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Annex Il Tentative Plan of Operation (PO)
Activities Year 1st Year 4th Year esponsive Achi " lssue &
|sub-Activities NEIEIE BEEIE Thai Counter

Qutput 1: A synthesis gas production technology from biomass waste

resources is developed.

1.2.2. Develop technology of high performance gasification.

Plan

Oulput 1.1. Preprocessing technology of biomass waste resources is Plan 5 ] oo by (D ER e ]
developed in Thailand. LS v ';‘a" 'E.;E ;-'3' v
Actual| 1 1 AR R R HH H
Adjustment of Preprocessing facility Plan R e e e
I3 R B K
Actual, N I
Pretreatment Technical development Plan i}g'é s
1.1.1. Undertake study to specify characteristics of local biomass R B
waste resources (quality of wood, farm outputs, waste system, iy
elc.,) and conduct pretreatment (crushing, drying, ¢arbonization}. : E
1.1.2. Design and develop gasification technologies suitable for e
synthesis gas production with catalytic conversion. i
1.1.3. Perform gasification test using the treated raw materials E E
{madified materials by pretreatment) of local biomass resources. Actual —
Output 1.2, Gasification technology of the biomass is developed. Plan i LI R4
Actual .« » i faa | IR
1.2.1. Develop technology for controlling gas compositions. Plan
Actual

Actual

1.2.3. Develop technology of gas purification.

Plan |

Actual

1.2.4. Conduct trial operation in connection with catalytic
conversien, and develop driving technology.

Plan

Actual

1.2.5. Perform co-gasification test with coal. Plan

*Design, manufacture, setting & trial operation, adjusting of B "

gasification facility v : . : :
Output 2: Producticn technologies such as biofuel by catalytic conversion are developed.

Output 2.1. Biodiesel production technology is developed (catalytic + Plan
operational technology). i
Actuall } 1 |1}
2.1.1. Develop technology of high active catalyst. Plan i
H
Actual] : 1+ [ 2]
2.1.2. Develop technology for improving practicality. Plan
h] i
Actual E H
2.1.3. Build light oil production system using catalytic Plan [3
conversions by bench plant scale, and develop lechnology of 4" T'E' ]"E' 'ﬁ' 'f'
biofuel light oil production in connection with synthesis gas Actual] ¢ t 1
2.1.4. Perform test by bench plant in laboratory, and develop Plan
practical technelogy using samples for performance test. IR A -
*Bench plant facilities for catalylic chemical conversion (FT HEN : E
synthesis, engineering) Actual] T (|7 ¥ I

i
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2.2.1. Develop technology of high active catalyst.

Annex Il Tentative Plan of Operation (PO)
Activities Year 1st Year 2nd Year 3rd Year 4th Year 5th Year m Achi Issue &
[Sub-Activities tlofmjw|1|ojm|w{i|o|e|w|1|0|m|®w|1|0|®|V]{Japan| Thai CIEVEMENIS | Countermeasures
Output 2.2. Biogasoline production technology is developed. Plan
o A A 35 N6 S0 REA i AR BN RN i RS AR R
L R R R R F A IR RNEER R ERN B

2.2.2. Develop technology for improving practicality.

2.2.3. Build gasoline production system using catalytic
conversions by bench plant scale, and develop technology of
biogasoline production in connection with synthesis gas
production.

Actual

Sl E e LT

2.2.4. Perform test by bench plant in laboratory, and develop
practical technology using samples for performance test.

*Bench plant facilities for catalytic chemical conversion (Gasoline
synthesis, engineering)

Plan

Actual

Output 2.3. Biomethano! production technology is developed.

Plan

Actual] 77|

2.3.1. Develop technology of high active catalyst.

%
T £

T Biopant | |

2.3.2. Develop technology for improving practicality.

2.3.3. Build methanol praduction system using catalytic
conversions by bench plant scale, and develop technology of
biomethanol praduction in connection with synthesis gas
production.

2.3.4. Perform test by bench plant in laboratory, and develop
practical technology using samples for performance test.
*Bench plant facilities for catalytic chemical conversion
(Methanal synthesis, engineering)

Actual

QOutput 2.4. Bio-LPG production technology is developed.

Plan

SRR
Actuall (|l

2.4.1. Develop technology of high active catalyst.

Pian

av el [

.
B
.

P e |
EE O 2

18 VR SN e

e sy HH

2.4.2. Develop technology for improving practicality.

I BRI ER

Actual] 11

2.4.3. Build LPG production system using catalytic conversions
by bench plant scale, and develop technology of bio-LPG
production in connection with synthesis gas production.

Plan [l

Actual,

2.4.4. Perform test by bench plant in laboratory, and develop
practical technology using samples for performance test.
*Bench plant facilities for catalytic chemical conversion (LPG
synthesis, engineering)

Plan

Actual




¥

Annex Il Tentative Plan of Operation (PO)
Activities Year 1st Year 2nd Year 3rd Year 4th Year Sth Year Ol f’:;::lmia: Achi ) Issue &
chievemenis
[Sub-Activities BEIEERBEE t]o[m[w|1]n]m]w]dapan] Thai Countermeasures
Qutput 3; Proposals for social implementation are made by verification of the Project

Output 3.1. t is confirmed that biofuels are utilized as alternatives to
fossil fuels.

products and formulation of 2 who :

3.1.1. Conduct analysis of biodiesel /biogasoline /bio-LPG, and
evaluation according to the standard of light oil /gasoline / LPG.

3.1.2. Conduct test and analysis of fuel performance and
advantage (efficiency, energy vield, effluent emission
characteristic) of trial products of biofuels.

3.1.3. Perform test, analysis and examination to affect the usage
(composition, quality adjustment, supply metheod) of trial products
of biofuels.

Qutput 3.2. Road map for social implementatian utilizing various
biofuels is drafted.

3.2.1. Conduct process analysis using data obtained by test
cperation.

Actual] » 1

3.2.2. Conduct LCA analysis using data obtained by test
operation.

Actual
Ll B e e R R
R T o e S W e S oy e e R
' oo [or o[ v lve oo

Plan [S&eid Sadiaad

e

3.2.3. Examine for the utilization of trial products of biofuels and
using samples for performance test.

3.2.4.Consider the Industrialization and secial implementation
(including drafting of road map).

!H!ﬂﬁmm&mmmmmﬂama
bk AR PARRRH] i ka3 A A A A1 SR

Qutput 3.3. Human resources related to production/application
technology of the alternatives to fossil fuel using biomass waste
resources are developed.

3.3.1. Operate biofuel production test (synthesis gas preduction
and catalytic conversion in line with connectivity and consistency),
and prepare ‘Biofuel manufacturing test Manual'.

Actuall

3.8.2. Develop facilities necessary for the laboratory test using Flan

catalylic conversions, and for the test by bench plant of synthesis

gas production and catalytic conversion.
Actual

3.3.3. Conduct technical advice, training and seminars for Plan

counterparts. H S R
o H

Output 3.4, Social recognition related to the developed technologies
and/or provided biofuel gained through the Project is raised.

3.4, Conduct activities for disseminating information through
public sympesium and facility tours in Thailand.

3.5.8hare information with related ‘industry-academia-

government' agencies for social implementation for enhancing
collaboration.
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Tentative Plan of Operation (PO)
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Annex Ill List of JICA Experts

1. Long-term Expert .
One (1) long-term expert will be dispatched as the Project Coordinator for the
smooth implementation of the Project.

2. Short-term Experts

Short-term experts, who will take part in the Project as listed below, will be
dispatched several times a year during the project period.

At the beginning of each Japanese fiscal year (JFY), JICA will provide the plan of
dispatching short-term experis for the coming JFY.

No. Name QOrganization
Research Leader
. . Professor, Department of Applied
1 | Dr. Noritatsu Tsubaki Chemistry, SC?‘IOCH of Enginggring,
University of Toyama
2 | Dr. Yoshiharu Yoneyama
3 | Dr. Guiging Liu Department of Applied Chemistry,
4 | Mr. Fang Yuan School of Engineering, University of
5 | Mr. He Yingluo Toyama
6 | Mr. Thachapan Atchimarungsri
g IE)/I: }éZgE:'?V;Zig'SL oto Japan Coal Energy Center (JCOAL)
9 | Dr. Hiroyuki Seki JX Nippon Qil & Energy Corporation
10 | Dr. Kaoru Fujimoto HiBD Laboratory Association
11 | Mr. Takashi Hiramoto Tomoe Shokai Co,, Lid.

In case of transfer/posting or retirement of counterpart personnel, his/her
successor will be designated by respective organization immediately.

7 A



Annex IV List of Machinery and Equipment

No Equipment Responsibility | Installed | Related ; Priority
Place Output

Equipment to be installed in XXX

1

2

3

4

5

6

7

8

9

10

11
Equipment to be installed in XXX

1

2

3

4

5

6

7

8

9

10

11
Equipment to be installed in XXX

1

2

3

4

5

6

7

8

9

10

11

12

Note:

1) The above-mentioned Equipment is [imited to those which are indispensable
for the transfer of technology by JICA Experts.

2) Content, specifications, and quantity of the Equipment will be decided through

mutual consuitations. -
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Annex V Tentative List of Thai Counterparts and Administrative

No. Name Organizaticn
1 | Dr.Tharapong Vitidsant Research Leader
Head, Center of Fuels and Energy from
Biomass, Chulalongkorn University in
Saraburi ("Biomass Center’)
2 | Dr. Prasert Reubroycharoen
3 | Dr. Prapan Kuchonthara
4 | Dr. Chawalit Ngamcharussrivichai
5 | Dr. Napida Hinchiranan
6 | Dr. Sirilux Pocompradub
7 | Dr. Suda Kiatkamjornwong Department of Chemical Technology,
8 | Dr. Rungravee Phienluphon Faculty of Science, Chulalongkomn
9 | Dr. Boontawee Lertpanyapornchai | University
9 | Dr. Paweesuda Natewong
10 | Mr. Saranpong Kamsrisuk
11 | Ms. Nattaya Chanhuab
12 | Ms. Thanyawan Sanyapat
13 | Dr. Kanit Wattanavichien Department of Mechanical Engineering,
Faculty of Engineering, Chulalongkormn
University
14 | Mr. Sirichai Ratanavaraha Center of Fuels and Energy from Biomass,
15 | Ms. Pornchanck Kaeswtawee Chulalongkorn University in Saraburi
("Biomass Center")
18 | Dr. Witchakom Charusiri Srinakharinwirot University
17 | Dr. Montree Thongkam King Mongkut's Institute of Technology
Ladkrabang
18 | Dr. Wiitawat Ratanathavomn Rajaphat Suan Dusit University
19 | Dr. Chanatip Samart Thammasat University
20 | Mr. Phatchari Nitsiriphat
21 | Mr. Surasith Changkachitta (NNOSE?FH Renewable Energy Co. Ltd.
22 | Mr. Jaru Natakaranakul
23 | Dr. Thana Sornchammi
24 | Mr. Supawat Dechparot
25 | Dr. Rungroj Chuvaree
26 | Ms. Nuchanart Siri-nguan PTT Research and Technology Institute
27 | Mr. Suttipong Tunyapisetsak (PTT-RTI)
28 | Mr. Kornthep Prasirtslriphan
29 | Dr. Suchada Butnark
30 | Dr. Anurak Winitsorn

In case of transfer/posting or retirement of counterpart personnel, his/her
successor will be designated by respective arganization immediately.

=\



Annex VI List of Office Spaces and Facilities
Thai side shall provide following office space and facilities for the Project.

1. The Office space and facilities in Chulalongkorn University (Bangkok and
Saraburi campus) necessary for the performance of duties by JICA Experts.

2. Space and building for seiting the machinery and equipment which wilt be
provided by JICA.

3. Facilities such as electricity, gas, water, telephones, internet connection and

furniture necessary for the Project activities and operational expenses for utilities.

4. Other facilities mutually agreed upon as necessary

7 A



Annex VI (1) Project Organization Chart

Joint Coordinating Committee (JCC)

<Co-Chairpersons>

B Representative of Chulalongkorn University

M Research Leader of JICA Experts

L i<ICC Memberss

<Thai Side>

Project Director

Project Manager
Representative{s) of PTT
Representative(s) of NRE
Official(s) of TICA

w
-

<Japanese Side>
Research Leader
Dampnsambandiounl~l ~F 1|
nl:plc):ul.auv:\a,l ol i
Project Coordinator
Representative(s) of JICA Thailand Office
Other personnel

Task Team 1

Development of
synthesis gas

production
technology from
nan-edible biomass
waste resources

Task Team 2

Development of
production
technologies (such

as biofuel by

catalytic conversion)

Task Team 3

Proposals for social
implementatian

Sub-Task Team
{1)

Bigdiesel

production
technology

{C11-Ci9)

Sub-Task Team
(2)

Bio-gasoline
production
technology

(C5-€10)

Sub-Task Team
(3)
Bio-methanol
production
technology

Sub-Task Team
(4)
Bio-LPG
production
technology

—

f.

A
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Annex VIl (2) Project Organization Chart

Thai Side Japanese Side \
Administration JICA ST
Chulalongkorn University University of Toyama

- Overall management

- Study and analysis for resource materials - Catalyst development of “C1 Chemistry”

- Catalyst development - Biofue| production test
- Biofuel production test - Verification of biofuel utilization
- Verification of biofue! utilization * » - LCAand industrialization and sacial

implementation
- Seminars for the project results
-Technology exchange, capacity development

-Dispatch of information, Public Relations (PR}

-LCA, industrialization and social implementation
- Seminars for the project results

-Technology exchange, capacity development
-Dispatceh of information, Public Relations (PR}

e activifies
activities 'y
Japan Coal Energy Center (JCOAL)
4 g Highly efficient gasification technology, Process
NRE analysis, System analysis, Resources survey
{Northern Renewable Energy Co. Ltd.) Joint Research
i p ) al JX Nippon 0il & Energy Corparation

-l;rovu OI:tgfan r:;joc:ts_smgt ra:v éna'terla N .| Analysis and evaluation of products and catalysts,

- Supp - f’; pr N u '°n_ e§ e‘c‘ Verification of utilization, Support for demonstration

- Examination of industrialization and

social implementation HiBD Laboratory Association

| Development of synthesis technelogy of bio LPG,

PIT Test and verification of products for bio LPG

-Analysis of biofuels

- Verification of bicfuel utilization . Tomoe Shokai Co., ITD.

- Market survey and industrialization > Analysis and evaluation of bio LPG, Detail analysis of

\ analysis j \ LPG, Market survey

J5T: Japan Science and Technology Agency




Annex VIl Joint Coordinating Committee (JCC)

1. Functions

The Joint Coordinating Committee (hereinafter referred to as “JCC"), composed
of members listed Section 2 below, will meet at least once a year and whenever
the necessity arises. The main functions of JCC shall be as follows:

(1) To approve the annual operational work plan of the Project based on the
tentative schedule of implementation within the frame work of the R/D

(2) To review the progress and achievements of the Project

(3) To revise the overall plan of the Project

(4) To conduct evaluation of the Project

(56) To examine major issues arising from or in connection with the Project

(6) To work out the modification of the activities depending on the necessity

e e e S

2. Members of JCC
The JCC will be composed of the following members.

<Co-Chairpersons>
Representative of Chulalongkorn University and Research Leader of JICA
Experts

<Thai side>

- Project Director

- Project Manager

- Representative(s) of PTT

- Representative(s) of NRE

- Official(s) of the Thailand International Cooperation Agency (TICA)

<Japanese side>

- Research Leader

- Representative(s) of JICA Experts dispatched by JICA

- Project Coordinator

- Representative(s) of JICA Thailand Office

- Other personnel concerned to be decided and /or dispatched by JICA

<QObservers>

-Official(s) of the Embassy of Japan in Bangkok, Thailand
-Representative(s) of Japan Science and Technology Agency (JST)
-Other official(s) appointed by the Co-Chairpersons

TWLL



Annex IX Format of Project Monitoring Sheet

TO Chief Representative of JICA Thailand OFFICE

Project Monitoring Sheet

Project Title :
Version of the Sheet: Ver.@@® (Term: Month, Year - Month, Year)
Name:
Title: Project Director
Name:
Title: Research Leader
Submission Date:
. Summary
1 Progress

1-1 Progress of Inputs

1-2 Progress of Activities

1-3 Achievement of Output

1-4 Achievement of the Project Purpose

1-5 Changes of Risks and Actions for Mitigation

1-6 Progress of Actions undertaken by JICA

1-7 Progress of Actions undertaken by Thai side

1-8 Progress of Environmental and Social Considerations (if applicable)

1.9 Progress of Consideraiions on Gender/Peace Buiiding/Poverty Reduciion {if
applicable)

1-10 Other remarkable/considerable issues related/affect to the project (such as other

JICA's projects, activities of counterparts, other donors, private sectors, NGOs etc.)

2 Delay of Work Schedule and/or Problems (if any)

2-1 Detail

2.2 Cause

2-3 Action to be taken

2-4 Roles of Responsible Persons/Organization (JICA, Thai side, etc.)

3 Modification of the Project Implementation Plan

3-1PO

3-2 Other modifications on detailed implementation plan

(Remarks: The amendment of R/D and PDM (title of the project, duration, project
site(s), targef group(s), implementafion structure, overall goal, project purpose,
outputs, activities, and input) should be authorized by JICA HDQs. If the project
team deems it necessary to modify any part of R/D and PDM, the team may
propose the draft.)

4 Preparation of Thai side toward after completion of the
Project

Il. Project Monitoring Sheet | & I as Attached

=



Appendix 2

MAIN POINTS DISCUSSED

(1) Involvement of Relevant Ministries and Agencies in Thailand

Both sides agreed that relevant ministries and agencies such as the Ministry of
Energy, Department of Alternative Energy Development and Efficiency (DEDE)
and/or Energy Policy & Planning Office (EPPO) should be involved in the JCC,
other related conferences and seminars for accelerating achievement of the
project purpose, especially for social implementation and industrialization.

(2) Third Party Liability Insurance for equipment

Both sides agreed that the University shall find out how to obtain and maintain
third party liability insurance for equipment provided by the Project, and inform it
to JICA before commencement of the Project.

(3) Economic analysis and evaluation

JICA emphasized that in order to develop the road map for social
implementation, it is important to conduct economic analysis and evaluation,
such as cost estimation for the total process of biomass to liquid, and simulation
of collecting raw materials and competition in the domestic market, etc. Both
sides agreed to commence preliminary analysis and evaluation work from the
beginning of the Project.

(4) Contribution to mitigation of economic disparities between northern part and
urban area

JICA emphasized that the Project should consider collecting raw materials from

northern part of Thailand utilizing East-West Ecenomic Corridor (EWEC), in view

of mitigation of economic disparities between northern part of Thailand and

urban area.
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