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1. EHEOHME
E4 . ¥4 EH B4 o (BN JERKE R SA A~ A Ok A
BH b L% H AT
7B EJR - TR ¥ — TR - Bt h 7 ey =7 b — BgEi
FITHET 5 - PEFEBHIE - NILBURHD e GRS - 4 {E 8,000 5 H
RD : 2010455 H 16 H~ e 7 EATRREES - EE R FEINBAFRT (NSTDA), B3
2016 43 A 31 H HiFgert (TISTR) ., E> 7 v hELR K% — &
B 70 1 R N>z (KMUTNB)
FER 1 4ERT (2016 553 H 31 | BASMI OREES - sEESIR A MFZEAT. Ffm K5
H* CTiER)
F/U: 2L OB S - 72 L

1—1 HBODEREBE

ZAERE (LLF, T2 41 LT BT 2B F—MREOELITELS, 1970 £ 5
MHLTIRVEENERET oY =27 FO—HE LT, NMAZH ) — NAFT 4 —EVR
¥t (Biodiesel Fuel : BDF) BAJEICHUV MA THY | ITETII N — LR EREER NS A~ ANE
EieoTWnd, i, REABREHIERT 2 Z LI TCEnEEB I Z ENEE L, £
DIFEDHRFDRRD LN TWD, Ko T, ZAENTOIEIERNAA TREBRFED A T = X L
DA N ORI EHZ AR D BRIEEL D =— AN EE > TEB Y | FERER AL TRELOH L%
P E LTV Y br 77 A VT RICRFRERERFEDPZT 5N TWD, L2rL, Yxy br>
TICIFFEEDERN G ENLTEY, A AREE L THEHT 27203 B E OBRENMLET
bD, Flo. WERELE L CoOFERIZHT TXMER ED7=D O FEBEIN OREEN AR/ K &
o TEY, ABEIMNZ2REZ R T 2 0LERD D,

TS DARPLZ 2T | Z A BUR > & L ER AR R o I [ B R 7 2 i 1 /) (Science and Technology
Research Partnership for Sustainable Development : SATREPS) 7'm ¥ =7 & LT, FEREFREN
A FBREFBR R (AR D IR TSI B3 5 EEE 2 22 STz, 2009 45 9 A I ERAN T I R E R A 3
FhE <A, 2010 F 2 AICFHE#EFE: (Record of Discussions : R/D) [ZE4A 2372 ST, 2010
F5 B X0 RREN D TIERBRANA 4~ 2 DEERREME A ey =2 b (LT,

IK7vrx7 M) BBRGE, A4 TREBFHAPBED DOHLV Y Fa 7 7 AN HD
BDF #i&E BT 5 2 2 MEJKS> BDF OZ2MEMEfR & BB RECRIZ I T 72T ofEgE & & %
W2, RAADOY ¥ b a7 7 RIEOSA A A A VAR K OBREME S OMESTIZE D #LA T
o AMAEIIAT e 27 PR TEZAZDICHTZY, TNETOEBELEIE L, 5% DOF
tEZmO LT ORE, BNELELS I2DIZFE T H& TRFHMIHE TH 5,

B, ATV =7 MILEY S EROERBIFS TE ST, 2011 Fi v a s TE
Ul Kk ELZHRZL, Yoy MIMZ 1 FEIZERE L THW5,

1—2 HBHARBE

(1) EprEE
A7aTzr MZEYSEBEENEZIEBER AL A~ AT L DA A BREHRGE Hiff 28 2 A
TEHELT D,




2) vy FEE
HEEBERNASTYATHL Y v a7 7 2 Ho izl RS o BB S h
60

(3) R
MREREL: P% bu7 734 Vb0 RETEMLE 7 BDF ORERKFOBE
[Task 1] v ba 7 7 A A VE 56 OEME BDF O RIE 4R 515 )
1. BHEBREORNAL AT 0 —BAPRE (BDF) &0 72 0 O fF s b Bl 23 B 76 S
ey
2. L S-S SWE BDF &~ 7 o MBS B S 5,
3. Y% a7 7 BDF OWHE D 7= O] A E A 3B S5,
4. x a7 7 AANELSDG OENE BDF #iED CO BB RN T A 7% A4 7 v
7 A Ak (Life Cycle Assessment : LCA) (ZX > THOLMNZEIND,
[Task 4] & &'E BDF O B By BORLE & YEFAN I % 2 15 8)
5. meh'E BDF @ HE BB G MR EIES D,

HREBRR2: OVx a7 7 BREONA T A VEREIN & OF SO R B iy 0 4#
7
Umd]V%%H77%m#%®ﬂ4ﬁﬁ4wmﬁﬁ’ﬁé%@

BORBASHRIC L DY % b7 7 RIEN S DAL A A VRGNS R I NS,
7A4ﬁﬁ4w THE - ARSI S D,
nmulﬂ4ﬁﬁ4w@&E&OMM’%5%%

8. NAFTAANZLAMFART YV v KOS E £ Tlm LS50 0BEEHRE &
UK B LG AT 2 PFE S D,
9. BUTOA R COFHZME Uiz, /SA A A A v & il EM ORA LR EI
MBTE SN D,

10. /A FAEREHRGE D CO, HITHEN R A LCA IZ L > TH LTINS,

[Task 4] v ~r 7 7 R HORS A ABE D B B BB A P FEAG (2 £R 2 16 B

1. ¥v b7 7 BREHR AL AR Rl E OIRAMZETe) © BB RS A
WFEIESND,

[Task 5] ABFERK - Heflifeiiz, BDF fidH iy 0 5 A1k

12, XA AREHRLE K ORI IR DR DN BRSNS,

13. BDF #&H it o = I T TOHEfF 2135 S |

(4) BEA (2016 4F 2 H KFER)

1) BARM B A% 2 & 7,000 5 H
- HMFYRE  EEME 184 (28.0 A/A) KONEMHME CEBRE) L2 4
« B X —s8%— |k (Counterpart : C/P) DAFRHHE : FE~ 36 £
- PEERA - BB N AT ¢ — B VRGBS E | Al SOS R U T LA

ALPM T IV — GEEEI e~ NTT T 4 —

2) Z Al
- C/PELE : 954
- gk o BHEA Y =7 FHEBEHT (NSTDA, TISTR, KMUTNB W), 74K 7 kU —

11




EWM KO T ART b U —HEsk, A vy 7T MRELPTOMERE
- HMER R EEGETTHER QER), M vy NI MOER, TR T Y —iHkE
i, C/P fiREL, BB

2. FHEAEROBE

e musE | K 4 e
4 FE B i JICA FEZEPRYE - NILBURE 2%
s - JICA PEERRYE - Bz%
AP A N KT | G e S 5P AR
ST A AT FHII E | EERAAEARASE A ERT R
W74 5 IST [EIBRF A £ SATREPS 7 /Lv—7
r7y—rsoy | RS e

AT R 2016 4E 1 A 31 H~2016 42 H 13 0 | 2EFEEE « #& 7 HEaEqfh

3. FHmEROBE

3—1 HBEDOWEER (1 : A0 HFAME &%, 8ICEROARVEY | 5% BDF LML A2 LTRELTND)
3—1—1 #ROFERKI
MEREL: V¥ brnT7 7 A N0 0DRETHEGE R BDF OREEITOHEEE
BRI« ERK
[Task 1] v bu 7 74 A V05 OFE BDF ORGE 4R 5 5 E)
1. B &E D72\ BDF &0 720 Ofig b MR s h b,
BERCIR DL« AR
Vx hr 7y P ORALR == RTOVITKFEAENE A F L= 2T L (Hydro
Fatty Acid Methyl Ester : H-FAME) b9 2 B2, BHRALU FIEB TE TRV | s
EEMTIEBR S iz LT 5,
2. M b m s E BDF #E 77 o MEBEIR AR S D,
BERCIR DL« AR
Y¥ hr 77 BDF Zfmib L, B{bZEM%Zm LI/ H-FAME Z##&E3 2%
H-FAME #&ERH A vy 77 M &R L. B8 22T (Thailand Institute of
Scientific and Technological Research : TISTR) 2% & S 172,
3. ¥x b a7 7 BDF OUHE D 7= ORISR S D,
BERCIR DL« AR
Iay =l FORETHD, H-FAME IZH 7 7% 2 v b (East Asia Summit : EAS)
HELE LB RO RIREIEENRAL T 4 — BT A L OERLEZ WL TEBY , fill
FIREM RS STz b,
4. Vx b7 7 A A NESDOENE BDF 80 CO, BIJEZN A LCA 12k > TH S
MIZEI N5,
BRI« AR
Uy b7 7 iEHiR A F v 27 )L (Fatty Acid Methyl Ester : FAME) 5% T/, &
'Y+ hr 77 H-FAME ~®O 5 /K3E{L TH: TP GHG (Greenhouse Gas : = 2h 4
) HEHED . FHFH 0.42 kg COeq/kg FAME J T} 0.18 kg CO,eq/kg H-FAME & % H}
iz,
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[Task 4] & &'E BDF @ B 8 gkl & MR 4R 5 15 B)
5. mdn’E BDF O H 8 HERENE A MEDN EIES N D,
BERCIRIL ¢ EERR
T2V U PRBE R BEAMG R OV A A TR A FERE L. B B ERRL O3 A A KRR S
2o F7-. MEHEARBRICIH VTS, H-FAME 12763k 0 BDF {BA B0 & M BHE Ao
TA MY —ESEICOWTRIETHD Z EMNEIEINT,

MRERE2: Vv b7 7 BEDONA I F A NVEREN & OE AL =R EHE B i D1 5
PERCIR DL ¢ — R R
[Task 2] v bu 7 7RO DO /NA A A A L OBIEITSR 5 I
6. BB GIRIZ L DYy bR 7 7 ERIEND ONA T4 A NVBER IR SN,
BERCIRDL ¢ 2Rk
USY B4 7 A MR O Beta B4 7 A MllitEZ A5 2 LItk v br>r
TONAFTFANDOBFAIENFREETH DL Z ENHB L, £72, v M A FIERI
B Ry )P & BRI L. TISTR ICRRE L 7=,
7. NAFFANVGHE - REEA B SN D,
BERCIRDL © 2Rk
AKIHEZ AW T, RS A A A VRO BRI -0 K s 5y % 4y B3 2 H iy
AT STz, ETo, NA T FH A N ZIKREVER ST & IEKREVERR Sy E W BET 2720 D,
7o N Z A TRUK L E A PR L. EFEFFEINB%T (National Science and
Technology Development Agency : NSTDA) 2% & L7,
[Task 3] /3o A A A NV OUE KO LCA IZ4% 5 TG @)
8. NAFTFANEAMARA YV RO GE £ TICm EEE 5720 DR & UK
FLRE RIS S5,
BERCIRDL ¢ ZERK
fitfb=> 7 VeV 757 7 A VT, KRFIEBEEFE LB 21TV, BESE )
B 9~12% F TIPS 25 Z L ITREh L7z,
9. BATOA MR COFMEAE Lz, A T4 AV & A EM ORA LB H AT 23
B SN D,
BERCIRDL ¢ ZERK
W&y 6.3~16ppm, BEFE /Y 0.1%LL FOFMRA VU 0wl & 7= 9. Ak
KFEBRBIZRET 5 2 STk LT,
10. /3o FRREHLTE O CO, HITRANR S LCA IC K > TH LRI SN D,
BERCIRTL ¢ ZERK
Uy ha 7 BRIE OGRS K B SA A A A NV ELE K OV R B T SR O 7 ek
AIZHIT D COHEHEMN LCA T Lo THI ST,
[Task 4] ¥ v b a7 7 B Bk S A A E0E O B B BB AP FEAM 12 % 2 15 B
1. v ba 7 7R H R AL ARk (Al & DIRA A & Te) O BBy ERENE A M52
RES VD,
BERCIR DL ¢ — R AR
H# BREIE SOV T, MERE A PRI L 2 FEREIX e S e, =P U8R
PEREMEFEAMIC DWW CIIRER TH D, T ¥ U RBER MM L. FEAmERBRICER 5
NAFTFANVDA Sy 7B RE LIS, 7ry=7 MIRFICHRIET 5 Z &R T

v




X hol,
[Task 5] A& - i is, BDF flis ik oo F2 b
12, SA FIRBHGE R OFIHICR D RE DR B SN D,
EERCIRTL ¢ ZERk
Tnyxy hFEfizEL T, C/PHBETH D NSTDA, TISTR, €27 v b ELFK
% ) — AN a7 (King Mongkut’s University of Technology North Bangkok : KMUTNB)
DWFFEE N K DFm TR B FLEM LT,
BJmF%m&ﬁwimmeﬁif@EW#ﬁ
BERCIRDL ¢ Rk
BDF U3 £t oo J2ALIC i TOEERBE - 1) FM oL ERMR, 2) H-FAME
DEE, 3) RBEEORAEZ D 2 BN R S N, ZokmiEidEko b & BRI
Tavel FNEBREICE S TRAT v T IHDTE AN L —Ya vy 7Ty b
DYEFERED BTV D,

3—1—2 Zuv=s bAEOERRKRD

T/ FAE ERBRNAA A ATHLHY v bu Ty & AWkl o AR
3B S b

TR A ICBWT, Yuv=7 FAEFERSL TV,

Tavel MIYy ha 77y bEdE BDF (H-FAME) % 1t/ H A CHll © & 2 Hiii 2 1%
LT, ZOMBEIZEASHERGEDO A X X — RET- L TW\W5, (JEIE 1)

T, N AFANERKBIOERILBEBIC L > THET 22 Lk, Al aSnE FiEy
10ppm Aiii, FEFE 5 0.1 H &% AT) 2 7o T SUE B (B384 6.3ppm, BEFE 4y 0.1 H &% A
i) NEETEDL LIk oTm, (FRIZ2)

3—2 FHEHEREOELN
FHERE SR Ty TReBRehamuyyy THREE ] Ty MRV o S B E L,

(1) ZE4M : mun

AK7avxr ML, XA OBEEK - BAZEHENE N H RO & A SKRBORICES L72HY
MATHD, ZABUFIE, T 11 REZESEFHIEGE (2012~2016 4) | ([ZBVTA
A FIREFDAEPE - FIM ZARET 5 72O OWFERFE OEHEEM L H 7> T D, £, MU
F VX —BA%EE (Alternative Energy Development Plan : AEDP) 2012~2021 4| i TN [A]
FHEID 2015 FEHEFIRIZBNT S, AN AREHEH O EEME R RFH I TN D

Fio, A7 v v =7 MIXDMEEENEL, REOASA FTREMWIEZ U — N4 5458
MORFEO=—XZHEEL TS, ZNOBANL, AT RV =7 FOZYET TE)
LB TE D,

(2) HME - EmW
TVl NAETHL HEBBRNAAYATHLV v bu 77 & Ho s poptil
WEORMEINBFE ) ITER SN EFHMETE D, Yy b7y Z2HWT, vy 7 MI
i in B 72 FAME, D% 0 #5r KFELHETIZ & 5 H-FAME O #OEH 25925 Z L 1Tk
L7z, ¥ bu 77 BiENLRET IS A ANLE, a7 MREDWE RS
ERLTWS, R 7nr=7 FEEMOr Yy 7 3@#UITHY, LT, Yrv=”




N A5 7 0 P 0 SR EAFIE I 28 S e & I C & B

(3) ZhRME : EmW

FA - 4 A BT & 1 A AR IE 7 AR A R OV AR - bt O 1 P e A 75
BB HIC 72 S 7=, #7IT. H-FAME $U5E R OUNA F 4 A MUEIZ b 34 1y F 75
YEOREZ, AT =27 PORFEERICKRESFETLOIRATH T2, MAT, A
nYx2 T, BAMOLR LT, AN bEELERTREESN RSN EZZ LD
Fiesnbd, 7Yz POEEaUVR—R 2 b TholmHmAETRBRZRES, Al
E5THTEMT 52 ENTE R,

4) A7k Ewn

H-FAME 8T 8RR A I~ AR OFERIERNAA A~ 2 Thnnb b3 BOGIZEMT
LT EVAREREM THD BECN—LZ2 R RIIART 0T =7 N ORERE~DEY (7
FUARL—=VarTuyes M) BEHINIED TWD, 70, C/PFiLf%k TdH 5 NSTDA,
TISTR, &' KMUTNB (&, NIk O OWEE & L T 72 HE 2 — X & [y
FEhiL THY, 4% b OHHERSIZFIH LT, H-FAME £k 0¥ & % [E N4 o Btk
FIZHED TN Z EIFHoICaRE L B2 biv, AL BEENER S5 AT+ IFET
2o

A7 Y=y b CTIRBORE-CHI, Hiffm A >3 7 PRRBLTNWD, AV eV
7 FNORREED 1 >Th5H H-FAME 28, %A ZRET X HiTE LT, 2015 FiZk
5 S 4172 AEDP 2015~2036 FICFLHk S L7z, Ak CTlk. C/P kD272 63 =% LF
—BRORMS (ABHEA—T—, AMSth) EWo 2R AT — 7 KX —OB{RE
fbERTHERDH T, WA T, Tuy=y FOFMILETHEEOERICHEHB LT,
Heffii ©iX. H-FAME ®EHIEN Y v bn 7 7 OA2 5T, ZOMOERERIEDSSRE
REMICHLEANFRETH D720, 5%, ST IERFEORIRE 2 FZHICHRFTIc& 5 2
EElpol, bbb, BAEMRA /N7 M [TV EFMETE 5,

(5) etk : BB ehmn

1) BRI

AEDP 2B\ T, NA ARELO BB K OO LEEN B 5N TS & L bz,
H-FAME O FF IS AT 7R e E O M EMER I STV b, ZOBLEHIX, K
K COFRGMEIT SV, G, FES ORIl DK S RHIMIC bz o 725813, BUR
MERICOADEENELDAREERD D,
2) Hdfrm

C/P #f#% T& % NSTDA, TISTR %, MO KMUTNB [ZEEE 2 K70 =7 F&i#
LCEEASLEZ A, A7Vl FTHo-xy MU —27 Z1EH LT HARMUBFE
HERE A% LI AT 28 Z L MRS TRY ., HifEicks W T, Ftto@iac
R ERBEITR N,
3) KAk - W BUE

KFaP /7 MIBHE LIEE{HEAT— 7 RV Z—/likE. PROMERIICE S ST
LIENHERTETEY, ABBHAICEREINATWVD Z G, 5% bkt
KT 4 — v RTOEFIEE 21T 9 12+ ek ikHl 2 A L Tnab,

A7Vl voRXfay b7 MIHELT, EHICKEBELRTT Mok D

vl




H-FAME 35 A ML —y g v 7Fudey M2 ERT L2 ENFHENLTWS, H
AUOBIFHRT 7 FH L XA MORMEED 7 7> REFH T 5 ol GEMEITFT
2600, KETRFHIFFRICB W TEEHEHN SN TV, 207D, WEE O Rkt
EEW E TV 2R,

3—3 MERBICEMLE-ERA
(1) FHEANFIZETHZ &
Briz7e L,

(2) EfiratvRAICETA &

G Rala=r—va XA C/P EBARANEMFZOEFEER

AK7ayxr ME, CP LHRANEMERO I 2=/ —2a b OHBRLT, TRLF
—HRE, BURKBOBLE THRE LR DIENARE LD aI 2 =Fr—2 3 VIZHREROER
o T&Te, 2 WABEDOAT TV VT »aiy Tl % Rhala=r—ar
23, AEDP OMATHRIZ H-FAME 2 XS E7-ERD 1 2 E2 b5, £z, 2hbna
Ra=—varz@ U CmERGRE CEENTHAOEEREGN, ey s FOEH)
ERZTEAEBRERO 1 2E W2 D,

- C/P ik b & i o> BRAR

C/P ffk DTt & ART vy 27 FNENRGERLTWeZ EbdH D, C/P Mk LEHAAR
Tyl NOBERIZEWVELEEHMEEFETCBY, eyl NEBOVR—F—L72
S>T&E-, ZOBLEHBEROHEBOTFTENEML W22 ENnTny s MNEBIOTHE
ERICKESEMLTHBY, HEMRMEEBS TROAR LT, my=r NEROEER
THEUE., PHLTWAERD ST TEESICOVWT S RERICHIET 5 2 L2 AREEL S® 7,
- REESHIC L 5%

REO BB ESANS OW 25T, BHlETRBRZE T2 LN T, FRBRIT
H-FAME OfE#EMEEZ 7oy =7 "N THR T 28R 0B H - 127210 Tha < iz
H-FAME O hWEE2 7 B — L9 280 b AT,
 JRHRIE )

TuYe s NEBFIE. BAR XA ERT S LRI BN R IR Y FLA TS
TEBRETE D, BRI, BRECHEET L T — AR, RWA T Ly b R
MR DAERL A ATV, PARBUMHEES . REIEHEFE~DE KIZHF DT,

3—4 MBEARVBEZELEZLE-ER
(1) FHENFICETSZ &
iz L

(2) EfiratwAlclT AL

< 2011 T U= Kok o 8

2011 D KK D729 |Z H-FAME #iE 77 o NN RAKWEISE O, £ 31 44 A L
S E R G RGN BB IF O E B IEH S b 2 & L oTe, [FIZEE OREDIE
L, FEROICAATFANVEEROARREHE, Yuv=z7 MIHRNOZ YT 2k
EhlZwBEr B2 D52 Lot

ZOWKDEBIDANE, Tav=r M 1 EREE SR, Z0OZLI2ko T,

Vil




H-FAME O2hF % & BT Z 20 TREET 2 Z E R AfRe L 0 | ZTORER AL = KL ¥ —
BT U CHEBIC T B — vt D Z b ic oo Tz, ML LT, TR F—ENAMSE
R AR S 2 L2 Y . H-FAME @ AEDP2015 03T it~ D BB 2 IR 3 % 2h 5
BENELESITTE D, DF 0., KigslloWTik, ~A T ADORRLT, 77 ZADHE
LAEAEZ ENBETE D,

3—5 #&H

A7V 7 MIMFBEINEREZIZITER CTELILE2HR L, A7V 2/ FOEE
FD 1 5T 5D H-FAME 1%, 2015 FFIZET &7z AEDP O THEBDOF LN A 4T ¢
—PLLLTHREENDE VoA 7 b AU, ZHITERMEME o B % i shE
IHETE L2 &0, Z (VX —EF~OEREAZERNICED TE R lICLsbDT
HbH, UbozZns, A7av=7 M, 7uev=7 FIBNICT e Y =7 S BEZERT
L RAABIEE W B S D,

3—6 IE

Yy NOASKRIZET RS

(1) TELVARL—Vvarravzs hoEEREN
HRFECIT T, AT B V=7 POKRDAT v 7 & 725 HFAME I35 7 &V A b
b—var7uv=y b aBRCERT L5 BRET S, 7V xy NERF ILERL
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Summary of Terminal Evaluation

I.  Outline of the Project

Country : Project title :
Thailand Innovation on Production and Automotive Utilization of Biofuels from Non-Food
Biomass
Issue/Sector : Cooperation scheme :
Energy and Mining Science and Technology Research Partnership for Sustainable
Development
Division in charge: Total cost :
Industrial Development and Public Policy about 480 million Yen
Department
Period of|Cooperation period: Partner Country’s Implementing Organization :
Cooperation |(R/D): 16 May 2010 to 31 *  National Science and Technology Development Agency
March 2015 (NSTDA),
(Extension): 16 May 2010 to 31|  Thailand Institute of Science and Technological
March 2016 Research (TISTR),

¢ King Mongkut’s University of Technology North
Bangkok (KMUTNB)

Supporting Organization in Japan :

¢ National Institute of Advanced Industrial Science and
Technology (AIST),

e Waseda University (WU)

1. Background of the Project

Research on alternative energy has a long history in the Kingdom of Thailand. Development of bioethanol
and biodiesel have been addressed as parts of the Royal Projects since around 1970 and energy generated
from food biomass such as oil palm and sugarcane are currently the mainstream. On the other hand, it is
preferable to avoid utilizing food biomass for generating fuels; thus, examination on this method is
required. Due to this background, there have been growing needs for clarification of development
mechanism of non-food biofuels and standardization of tests on these biofuels in Thailand. Although
Jatropha oils and surplus agriculture residues are listed as potential feedstock for production of non-food
biofuels, Jatropha contain toxic materials such as phorbol ester, so their detoxification is needed for
utilization as biofuels. Development of fundamental technologies for upgrading biofuels as automotive

utilization is essential and technical problems are required to be overcome.

Considering these situations, the Government of the Kingdom of Thailand requested support of the
Government of Japan under the form of scientific technical cooperation (SATREPS) with aiming at
innovating technologies of biofuels production from non-food biomass. In response to this request,

detailed planning survey was conducted in September 2009 and the record of discussion (R/D) on




technical cooperation project “Innovation on Production and Automotive Utilization of Biofuels from
Non-Food Biomass” with the period from May 2010 to March 2015 was signed in February 2010. The
Project was extended one year up to March 2016 in consideration of the influence caused by the heavy
flood in 2011. Therefore, the Project period is six years, which has another additional one year on the

original schedule.

2. Project Overview

(1) Overall Goal

The Improved technologies for biofuels from non-food biomass by the Project are disseminated in
Thailand.

(2) Project Purpose
Fundamental technologies to produce biofuels from non-food biomass for automotive utilization are

developed.

(3) Outputs
(For Research Achievement 1) Establishment of technologies to produce high quality and safe BDF
from Jatropha oil
[ Task 1]
1. Detoxification conversion technology for production of non-toxic BDF is developed.
2. Standardized production technology of high-quality BDF in a pilot-scale is developed.
3. Catalyst utilization technology for upgrading Jatropha BDF is developed.
4. CO; reduction effect of high quality BDF from Jatropha oil is clarified by the Life Cycle Assessment
(LCA).

[ Task 4]
5. Automobile fuel compatibility of high quality BDF produced by the Project is proven.

(For Research Achievement 2) Establishment of production technology of bio-oil and high quality
automobile fuel from Jatropha residue

[ Task 2]
6. Production technology of bio-oil from Jatropha residues by thermal/ catalytic conversion is developed.

7. Separation and stabilization technologies of bio-oil are developed.

[ Task 3]
8. Deoxygenation and catalytic hydrotreating technologies for upgrading of bio-oils to the quality of]
petroleum gasoline and diesel oil are developed.
9. Co-processing technology of deoxygenated bio-oils and conventional petroleum, which can be utilized
at a conventional petroleum refinery, is developed.

10. CO; reduction effect for using Jatropha derived oils as transportation fuels is clarified by the Life
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Cycle Assessment (LCA).

[ Task 4]
11. Automobile fuel compatibility of bio-oils from Jatropha residues, including bio-oils upgraded with

conventional petroleum, is proven.

(For human resources development/technology transfer, practical application of BDF production
technologies)

[ Task 5]
12. Researchers involved with biofuels production and utilization are nurtured.

13. Preparations for practical application of BDF production technologies are done.

(4) Inputs
Japanese side : Total cost about 270 million Yen
1) Experts 18 short term expert (28 MM), long term expert as Project Coordinator (2 in total) 2)
Persons who participated in trainings in Japan 36 persons
3) Equipment
Pilot Plant for high quality biodiesel fuel production, Standard apparatus for catalytic reaction
test, Real-time PM analyzer, Liquid chromatograph, etc.
Thai Side :
1) Counterparts: 95 counterparts
2) Facilities (Project office at NSTDA, TISTR, KMUTNB) and equipment for analysis
3) Local cost for daily local activities and automobile running test, conversion cost of pilot plant at
TISTR, and maintenance cost for the laboratory at KMUTNB, etc.

II. Evaluation Team

Members of iN, IName Position Organization
Evaluation Senior Advisor to the Director General
Team Mr. Kaoru (Energy),
! Suzuki Team Leader Industrial Development and Public
Policy Department, JICA
Assistant Director,
) Mr. Yamato|P lannipg ) and|Team 1, Energy and Mining Group,
Kawamata Coordination Industrial Development and Public
Policy Department, JICA
3 Mr. Jun Evaluation Analysis |Director, Sano Planning Co., Ltd
Totsukawa
. Principal Associate Research Supervisor,
4 g/ilrt.o Masayuki Observer Department of International Affairs
(SATREPS Group), JST
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Period of|31/January/2016-13/February/2016 Type of Evaluation :

Evaluation Terminal Evaluation

III. Results of Evaluation

3-1 ACCOI’IlpliSthIlt of the PI'Oj €Ct (note: The word of H-FAME in this paper has the same meaning as high quality BDF)
3-1-1 Achievement of the Outputs
(For Research Achievement 1) Establishment of technologies to produce high quality and safe BDF from

Jatropha oil
[Task 1] Production of high quality BDF from Jatropha oil

1. Detoxification conversion technology for production of non-toxic BDF is developed.

Achieved: The phorbol ester was reduced below its detection limit, which satisfies the safety level.

2. Standardized production technology of high-quality BDF in a pilot-scale is developed.

Achieved: A high quality BDF production plant with detoxification and oxidation stabilization units
was already installed at TISTR.

3. Catalyst utilization technology for upgrading Jatropha BDF is developed.
Achieved: The Project’s output, H-FAME, satisfies the quality requirement of EAS-ERIA Biodiesel
Fuel Standards, EEBS:2008 as well as the Bio-Diesel Guidelines of the World Wide Fuel Charter.

4. CO, reduction effect of high quality BDF from Jatropha oil is clarified by the Life Cycle Assessment
(LCA).

Achieved: In the process of FAME production, the emission amount of CO, was calculated as

approximately 0.42 kgCO, ./kg FAME, and the one during the transition process to H-FAME was
approximately 0.18 kgCO; .o/kg H-FAME.

[Task 4] Evaluation of automobile fuel compatibilities of high quality BDF
5. Automobile fuel compatibility of high quality BDF produced by the Project is proven.

Achieved: Engine bench test and automobile running test of mixed oil confirmed the compatibility with
the automobile fuel. Material compatibility evaluation results showed that H-FAME has the same

quality of existing BDF in terms of material corrosion and elastomer swelling.

(For Research Achievement 2) Establishment of production technology of bio-oil and high quality
automobile fuel from Jatropha residue

[Task 2] Production and upgrading of bio-oil from Jatropha residues

6. Production technology of bio-oil from Jatropha residues by thermal/ catalytic conversion is

developed.
Achieved: By use of Ultra Stable Y zeolite and Beta zeolite, the residual oxygen in the Jatropha bio-oil

reduced below Swt%.
A prototyped circulating fluidized bed pyrolyzer was developed and installed at TISTR. It started
operation at the end of 2014 and treats Jatropha residue between 300kg and 500 kg per day.
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7. Separation and stabilization technologies of bio-oil are developed.

Achieved: The Project successfully developed technologies for bio-oil separation and stabilization. A
prototyped water extraction separator that enables to separate bio-oil into water-soluble fractions and

water-insoluble ones was also developed and installed at NSTDA.

[Task 3] Upgrading Bio-oils and Life Cycle Assessment

8. Deoxygenation and catalytic hydrotreating technologies for upgrading of bio-oils to the quality of]

petroleum gasoline and diesel oil are developed.

Achieved: By use of sulfide NiMo/Al,O3 the oxygen content of bio-oil from Jatropha residue was

reduced from 23wt% to between 9 and 12wt%.

9. Co-processing technology of deoxygenated bio-oils and conventional petroleum, which can be

utilized at a conventional petroleum refinery, is developed.

Achieved: The Project developed co-processing technology of deoxygenated bio-oil and conventional
petroleum. The quality of fuel satisfies the indicator’s requirements as follows: the figure of sulfur,

between 6.3 and 16 ppm, and oxygen content, below 0.1wt%.

10. CO, reduction effect for using Jatropha derived oils as transportation fuels is clarified by the Life
Cycle Assessment (LCA).

Achieved: CO; emission in the process of Jatropha residues pyrolysis to bio-oil and its upgrading was

clarified.

[Task 4] Evaluation of automobile fuel compatibilities of biofuels from Jatropha residues

11. Automobile fuel compatibility of bio-oils from Jatropha residues, including bio-oils upgraded with

conventional petroleum, is proven.

Partly not achieved: Automobile fuel compatibility of biofuels was confirmed by the evaluations on
material compatibility, but not yet by engine combustion performance. Engine combustion performance
evaluation has not been conducted yet mainly because of insufficiency of biofuels volume for

implementation of the engine bench test.

[Task 5] Human resources development/technology transfer, practical application of BDF production
technologies

12. Researchers involved with biofuels production and utilization are nurtured.

Achieved: In the course of the Project implementation, the Project related personnel elaborated many

of research papers and presentations.

13. Preparations for practical application of BDF production technologies are done.

Achieved: Through implementation of the Project along with discussion between Thai and Japanese
sides, the followings are identified as necessary issues to tackle: 1) Stable procurement of raw material,

2) Quality of H-FAME, and 3) Business feasibility. In this line, the Project has already started
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preparation of making proposals for the next phase.

3-1-2 Achievement of the Project Purpose
Project Purpose: Fundamental technologies to produce biofuels from non-food biomass for automotive

utilization are developed.

The Project has been achieved as of the Terminal evaluation.

The Project produced H-FAME from Jatropha, which satisfies the ’EAS-ERIA Bio-Diesel Fuel
Standards’. The H-FAME produced by the Project showed 15.1 hours oxidation stability while the
EAS-ERIA standard’s minimum requirement is 10 hours. (Indicator 1)

The quality of biofuels from Jatropha residues by the Project also satisfies the quality standards of]

petroleum gasoline and diesel oil through its upgrading process. (Indicator 2)

3-2  Summary of Evaluation

* Five categories are evaluated by five ranks: high, relatively high, moderate, relatively lower, and low.

3-2-1 Relevance: High

The Project is in accordance with the priority of development policies of Thai government and with
Japan’s Assistance policy.

The Eleventh National Economic and Social Development Plan 2012-2016 stresses the importance on
research and development to increase the productivity and utilization of bio-energy. In addition, the
Alternative Energy Development Plan 2012-2021 as well as the revised one in 2015 declared further
promotion of bio-energy use along with research and development.

The Project’s contents meet with such policies’ direction and technical needs of the counterpart
organizations including research institutes and university. In this line, the relevance of the Project is

evaluated high.

3-2-2 Effectiveness: High
The Project purpose, which is to produce biofuels from non-food biomass for automotive utilization,
has been satisfactorily achieved as of the Terminal evaluation. By use of Jatropha, the Project
developed the technologies to produce H-FAME, which is the upgraded product of FAME, through
hydrotreating process. The technologies to upgrade bio-oil from Jatropha residue were also

successfully developed.

3-2-3 Efficiency: High
Manpower inputs from both Japanese and Thai side and material inputs contributed to achievement of]
outputs. Facility/material inputs as pilot plant for H-FAME and bio-oil production also gave a great
impact on the Project’s achievement. Flexible budget allocation by Thai side also enhanced efficiency

of the Project activities such as automobile running test.
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3-2-4 Impact: High
Impacts on policy, organizational and technical aspects are observed. One of the remarkable outputs by
the Project, H-FAME, is reflected as one of prospective biodiesels in the revised Alternative Energy
Development Plan (AEDP) 2015-2036. As to the organizational aspect, the Project promoted tighter
relationship among stakeholders in line with research institutes, university, Ministry of Energy, and
private companies. Also, the Project activities contributed to enhancing the technical knowledge of]
young researchers, and increased the number of academic reports/papers. Moreover, as the technical

aspect, the H-FAME technology can be applied to both no-biomass and biomass materials.

3-2-5 Sustainability: Relatively High
1) Policy aspect
Thai government’s Alternative Energy Development Plan towards the year of 2036, which shows the
strong will of the government to enhance research and development of H-FAME and its utilization to
the target year. It is evaluated that the sustainability of policy aspect is basically high. However, the

global market of the oil price can be a risk factor to influence on the future of the policy intension.

2) Organizational and technical aspect
All the organizations who participated in the Project have solid and sustainable organizational structure

and technical expertise, serious concerns on their sustainability are not observed.

3) Financial aspect

As of the Terminal evaluation period, the Project has already prepared several proposal options in order
to continue the studies with larger scale plants of H-FAME production. The options of the budget
sources are fund from Japan and another from Thai private companies’. Both options have a certain

level of possibilities to successfully receive the budget, though, it is not assured yet.

3-3 Contribution factors
*  Effective use of assets on personal relation and infrastructure between Japan and Thailand
Japan and Thailand has kept long and good relationship for long time not only by the JICA project
but also collaborative research works. The Project was able to proceed on the basis of such historical
assets not only on laboratory infrastructure but also personal relationship. It helped both sides to

work in harmonized manner all the time.

* Recognition of management strata personnel of counterpart organizations

The management strata personnel’s high recognition led to securement of the budget for not only the
daily works at the Project activities but also relatively large amount of budget such as automobile
running test by NSTDA.

¢ Cooperation by a private company

The Project received cooperation from a private company on automobile running test. Its cooperation
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contributed to achievement of the Project purpose.

*  Frequent communication among the Project personnel
The Project paid attention on frequent and close communication not only within the researchers but
also with government officials including Ministry of Energy. Such elaborated communication

environment led to reflection of the Project’s outputs on policy document of the Thai energy sector.

*  Active implementation of public relations
Public relations were also actively and effectively conducted in the Project to disseminate the
Project’s outputs to relevant stakeholders through exhibition at science expo, distribution of

brochures, making PR video, etc.

3-4 Inhibition factors

*  Heavy flood in the year of 2011

Heavy flood in 2011 caused the damage of the pilot plant for H-FAME production, and also put off
installation timing of another pilot plant for bio-oil production at TISTR. The postponement of
installation of bio-oil production plant accordingly caused the delay in bio-oil production. Vice versa,
the one-year extension arrangement produced positive effects. The most representative example is
reflection of the Project’s output, H-FAME, on the newly revised Alternative Energy Development
Plan in 2015.

3-5 Conclusion

A series of the Project activities and its purpose were consistent with the Thai governmental policy
and the needs of the government as well as the counterpart organizations including NSTDA, TISTR
and KMUTNB.

The Project achieved successfully the purpose as originally expected. The highlighted output as
H-FAME technology was reflected in the newly revised Alternative Energy Development Plan to
2036 since the Ministry of Energy recognized the potential through a variety of events in particular
of the automobile running test. It should be noted as a great impact produced by the Project.

All the Project related organizations together have already prepared the next phase actions,
demonstration project. Sustainability towards the social application stage is almost ensured along
with this preparation effort. The remaining issue is to finalize the budget source for implementation

of the demonstration project.

3-6 Recommendations
(1) Implementation of demonstration project
It is recommended that demonstration project on H-FAME with larger scale plant be implemented as
the next stage towards social application stage. It is necessary to start discussion regarding which
organization to take what roles in the demonstration project including the secretariat role for

coordination of the stakeholders.
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(2) Keeping and/or developing communication network
It is recommended to sustain the communication network that the Project established, and to develop
further with supply side players such as Ministry of Agriculture, and user side players as oil makers

and automobile makers.

(3) Continuous studies of bio-oil, and biofuel from non-food biomass
It is recommended to continue the study of bio-oil, and biofuel from non-food biomass including

Jatropha from the viewpoint of business and reliable supply chain for the future.

(4) Dissemination of the research outputs to ASEAN countries and others
It is recommended for Thailand to disseminate H-FAME technology to ASEAN countries as a
technical leader of H-FAME in the region through Asian and Pacific Centre for Transfer of

Technology, International Renewable Energy Agency, etc.

3-7 Lessons learned
¢  Effectiveness of communication platform
The Steering Committee effectively functioned to enhance communication among the counterpart
organizations and the government officials including Ministry of Energy. With an eye to policy
reflection, key ministries should be invited in communication events even if they are not official

counterparts.

*  Effectiveness of earlier contacts with private companies

The Project has been paying attention on the importance of collaboration with private companies.
Therefore, the Project had started making contacts even before the Project’s research produced
tangible outputs. Such earlier contacts accordingly formulated mutual consensus, and resulted in
receiving cooperation from a private company. The lesson in here is to make earlier contacts with
private companies towards not only for enhancement of the Project activities but also for the future

actions to social application stage.

3-8 Follow up
Nil
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1. Outline of the Evaluation

I-1. Background

Research on alternative enmergy has a long history in the Kingdom of Thailand. Development of
bioethanol and biodiesel have been addressed as parts of the Royal Projects since around 1970 and energy
generated from food biomass such as oil palm and sugarcane are currently the mainstream. On the other
hand, it is preferable to avoid utilizing food biomass for generating fuels; thus, examination on this
method is required. Due to this background, there have been growing needs for clarification of
development mechanism of non-food biofuels and standardization of tests on these biofuels in Thailand.
Although Jatropha oils and surplus agriculture residues are listed as potential feedstock for production of
non-food biofuels, Jatropha contain toxic materials such as phorbol ester, so their detoxification is needed
for utilization as biofuels, Development of fundamental technologies for upgrading biofuels as

automotive ufilization is essential and technical problems are required to be overcome.

Considering these situations, the Government of the Kingdom of Thailand requested support of the
Government of Japan under the form of scientific technical cooperation (SATREPS) with aiming at
innovating technologies of biofuels production from non-food biomass. In response to this request,
detailed planning survey was conducted in September 2009 and the record of discussion (R/D) on
technical cooperation project “Innovation on Production and Automotive Utilization of Biofuels from
Non-Food Biomass™ with the period from May 2010 to March 2015 was signed in February 2010. The
Project was extended one year up to March 2016 in consideration of the influence caused by the heavy
flood in 2011, Therefore, the Project period is six years, which has another additional one year on the

original schedule,

1-2. Objectives

(1) To evaluate the activities of the project and its process of implementation based on the Record of
Discussions (R/D).

(2) To analyze and discuss the achievement of the project in terms of five evaluation criteria
(relevance, effectiveness, efficiency, impact and sustainability). l

(3) To identify and recommend measures for solving problems on the project operation to related
organizations of the Kingdom of Thailand and Japan based on the result of (1) and (2), and to
discuss the activities of the project for the rest of the cooperation period and post project period.

{4) To propose to revise the Project Design Matrix (PDM) and Plan of Operation (PO) based on the
results of discussions, if necessary.

(5) To prepare and agree on the Terminal evaluation Report with the Government of the Kingdom of

Thailand and Japan, and to exchange the Minutes of Meetings (M/M).

1-3. Outline of the Project

The outline of the Project is shown as follows:
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Project Purpose:

Fundamental technologies to produce biofuels from non-food biomass for automotive utilization are

developed.

Outputs:

(For Research Achievement 1)

[Task 1]

1. Detoxification conversion technology for producticn of non-toxic BDF is developed.

2. Standardized production technology of high-quality BDF in a pilot-scale is developed.

3. Catalyst utilization technology for upgrading Jatropha BDF is developed.

4. CO, reduction effect of high quality BDF from Jatropha oil is clarified by the Life Cycle Assessment
(LCA),

[Task4]

5. Automobile fuel compatibility of high quality BDF produced by the Project is proven.

(For Research Achievement 2)

[Task 2]

6. Production technology of bio-oil from Jatropha residues by thermal/ catalytic conversion is developed.
7. Separation and stabilization technologies of bio-cil are developed.

[Task 3]

8. Deoxygenation and catalytic hydrotreating technologies for upgrading of bio-oils to the quality of
petroleum gasoline and diesel oil are developed.

9. Co-processing technology of deoxygenated bio-oils and conventional petroleum, which can be utilized
at a conventional petroleum refinery, is developed.

10. CO, reduction effect for using Jatropha derived cils as transportation fuels is clarified by the Life
Cycle Assessment (LCA).

[Task 4]

11. Automobile fuel compatibility of bic-oils from Jatropha residues, including bio-oils upgraded with

conventional petroleum, is proven.

{For human resources development/technology transfer, practical application of BDF production
technologies)

[Task 5]

12. Researchers involved with biofuels production and utilization are nurfured.

13. Preparations for practical application of BDF production technologies are done.

1-4, Methodology
1-4-1. Method of Evaluation

LX)

The Terminal evaluation was conducted in accordance with the latest “JICA Guidelines for Project
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Evaluatjons” issued in May 2014. Current project status and outcomes were assessed from the aspects
of the five criteria of relevance, effectiveness, efficiency, impact, and sustainability.

The Terminal evaluation Team conducted surveys at the project sites through the interviews and
questionnaires to the counterpart personnel, other related organizations, and the Japanese experts

involved in the Project to evaluation the Project.

1-4-2. TFive Evaluation Criteria
Description of the five evaluation criteria that were applied in the analysis for the Terminal evaluation
is given in Table 1 below. The relationship between the five evalvation criteria and PDM (Project

Purpose, Cutputs and Inputs) are also described in the following (Figure 1).

Table 1: Description of Five Evaluation Criteria

Criteria Definitions

Relevance Degree of compatibility between the development assistance and priority of

policy of the target group, the recipient, and the donor.

Effectiveness A measure of the extent to which an aid activity attains its objectives.

Efficiency Efficiency measures the outputs -- qualitative and quantitative — in relation to
the inputs.

Impact The positive and negative changes produced by a development intervention,

directly or indirectly, intended or unintended. This involves the main impacts
and effects resulting from the activity on the social, economic, environmental

and other development indicators.

Sustainability Sustainability is concerned with measuring whether the benefits of an activity

are likely to continue after donor funding has been withdrawn Projects need

to be environmentally as well as financially sustainable.

Source: “JICA Guidelines for Project Evaluations”, May 2014
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Figure 1: Relationship between the Five Criteria and PDM



1-4-3.

Collection Methods and Data Sources

The specific methods and sources are described below.

*  Documents related to the Project

Progress reporis

*  Answers for the questionnaire

Japanese experts and counterparts

*  Record of Inputs from both sides and Activities of the Project

*  Interviews with the Project counterpart personnel, experts, and personnel in related organizations

*  Field Survey

1-5. Members of the Joint Terminal evaluation Team

The evaluation was conducted jointly by Japanese side and Thai side. The members of the joint

evaluation team are shown below.

<Japanese Side>

Name

Title

Position and Organization

Mr. Kaoru Suzuki

Team Leader

Senicr Advisor to the Director General (Energy),
Industrial Development and Public Policy
Department, JICA

Mr. Yamato Kawamata

Planning and

Assistant Director,

Coordination Team 1, Energy and Mining Group,
Industrial Development and Public Policy
Department, JICA
Mr. Jun Totsukawa Evaluation Director, Sano Planning Co., Ltd
Analysis
Mr. Masayuki Sato Observer Principal Associate Research Supervisor,
Department of International Affairs (SATREPS -
Group), IS8T
<Thai Side>
Name Position Position and Organization

Dr. Paritud Bhandhubanyong

Team Leader
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Dr. Sabaithip Tungkamani Member Dean, Faculty of Science Energy and

Environment, KMUTNB

1-6.

Schedule of the Joint Terminal evaluation

The Terminal evaluation was conducted during the period between 1¥ of February and 11™ of February,

2016.

2.
2-1.

Achievements of the Project
Records of Inputs

The following are the achievements of inputs by the time of the Terminal evaluation by both Japanese

side and Thai side.

2-1-1

Japanese Side

1) Assignment of Experts

Research leader and experts in the field of biomass energy were dispatched to the Project in total

of 18 personnel as of Terminal evaluation.

2) Training in Japan

Total number of 36 Thai counterparts received for trainings at AIST and Waseda University in

Japan.

3) Provision of Equipment

Equipment equivalent to approxitnately 269 million JPY (100 millicn Baht) was procured,

4) Local cost

2-1-2
1)

2)

The total amount of project cost on the activities as local cost are estimated approximately 9.4

million JPY (3.4 million Baht) by JICA at the date of Terminal evaluation,

Thai Side
Thai counterpart and other staff
95 Thai counterparts have been assigned to the Project as Project Director, Project Manager,

Project vice manager and members from NSTDA, TISTR, and KMUTNB.

Provision of facilities

Office spaces with electricity, water, sewerage system and furniture necessary for the Project
activities at NSTDA and TISTR have been provided for the performance of duties by the
Japanese Experts.

Expansion of the laboratory space was made at NSTDA, TISTR, and KMUTNB for the Project

activities. Workshop site for pilot plant installation was also secured at TISTR.



3) Provision of Equipment

All the counterpart organizations have been providing necessary equipment for the Project

activities at laboratories and pilot plants. The cost provided was approximately 7.5 million Baht

in total.

4) Operational cost

Measurable cost incurred by the Project activities are summarized 47 million Baht, in which cost

allocated for preparation and operation of laboratory, pilot plant, automobile on-road test, and

other daily research activities.

2-2.

Results of the Activities and Achievement of the Outputs

Achievement status of the each output is as follows:

Research Achievement 1

Task 1: High quality BDF production

1. Detoxification
conversion

technology for
production of
non-toxic BDF is

developed.

Indicators

Activities and Achievement Level

1. By 2012, toxic
content (phorbol ester)
in BDF is reduced to

the safety level.

The indicator was already fulfilled as of the Terminal
evaluation.

It was confirmed that the phorbol ester was reduced
below its detection limit, which satisfies the safety level.
The Project also developed a new analysis method of
phorbol ester by use of liquid chromatography in this
Task 1. The innocuousness was confirmed by the newly

developed analysis method as well.

2. Standardized
production
technology of
high-quality BDF

in a pilot-scale is

Indicators Activities and Achievement Level

2. By 2012, a high The indicator was already fulfilled as of the Terminal
quality BDF evaluation.

production plant with | A high quality BDF production plant with detoxification

detoxification and

and oxidation stabilization units was already installed at

developed. oxidation stabilization | TISTR and has been operated. The plant is now able to
units is operated produce 1 ton per day.
continuously for
processing Jatropha
oil in Thailand on a
one-ton per day basis
3. Catalyst Indicators Activities and Achievement Level
utilization 3. By 2014, the The indicator was already fulfilled as of the Terminal

"~
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technology for
upgrading Jatropha
BDF is developed.

quality of BDF
satisfies

the 'EAS-ERIA
Biodiesel Fuel
Standards’ as well as
the Bio-Diesel
Guidelines of the
World Wide Fuel

Charter.

evaluation.

The Project’s output, H-FAME, satisfies the quality
requirement of EAS-ERIA Biodiesel Fuel Standards,
EEBS:2008 as well as the Bio-Diesel Guidelines of the
World Wide Fuel Charter.

4. CO; reduction

Indicators

Activities and Achievement Level

effect of high
quality BDF from
Jatropha oil is
clarified by the
Life Cycle
Assessment
(LCA).

4. By 2014, CO,
emission in the
processes of high
quality BDF
production proposed
by the Project is
clarified by the Life
Cycle Assessment
(LCA),

‘kgCOZ,eq/kg FAME, and the one during the transition

The indicator was already fulfilled as of the Terminal
evaluation,

CO, emission in the process of FAME production and
H-FAME production was clarified.

In the process of FAME production, the emission

amount of CO, was calculated as approximately 0.42

process H-FAME was
kgCO,eq/kg H-FAME .

to approximately (.18

5. Automobile fuel

Activities and Achievement Level

compatibility  of
high quality BDF
produced by the

Project is proven.

Indicators

5. By 2013, The indicator was already fulfilled as of the Terminal
automobile fuel evaluation.

compatibility of BDF | Automobile fuel compatibility of H-FAME was already
blended with diesel 0il | confirmed through the evaluations on material

is proved by materiai
compatibility
evaluation and engine
combustion
performance

evaluation.

compatibility and engine combustion performance.
Engine bench test and on-road test of mixed oil, which is
composed of diesel oil and H-FAME, confirmed the
compatibility with the automobile fuel. The test revealed
the mixed oil had a slight increase in NQx emission,
though, reduction in CO, hydrocarbon and particulate
matter.

Material compatibility evaluation results showed that the
mixed oil with diesel oil and H-FAME has the same
quality of existing BDF in terms of material corrosion

and elastomer swelling.

Research Achievement 2

Task 2: Bio‘oil producfion

10



6. Production
technology of
bic-oil from
Jatropha residues
by thermal/
catalytic
conversion is

developed.

Indicators

Activities and Achievement Level

6.1 By 2012, fast

pyrolysis catalyst for
hydro deoxygenation
which makes oxygen

contents less than

The indicator was already fulfilled as of the Terminal
evaluation.

By use of Ultra Stable Y zeolite and Beta zeolite, the
residual oxygen in the Jatropha bio-oil reduced below

Swit%.

40wt% is developed.

6.2 By 2014, a The indicator was already fulfilled as of the Terminal
prototyped pyrolysis evaluation.

reactor for catalytic A prototyped circulating fluidized bed pyrolyzer was
fast pyrolyzer, which | developed and installed at TISTR. It started operation at
can treat 500kg of the end of 2014 and now treats Jatropha residue between

biomass residues per

day, is developed.

300kg and 500 kg per day.

7. Separation and
stabilization
technologies of
bio-oil are

developed.

Indicators

Activities and Achievement Level

7.1 By 2013,
technologies for
bio-oil separation and
stabilization which
separate solid
sediment and
water-soluble
fractions in bio-oil and
selectively recover
water-insoluble
fractions for further
upgrading to

transportation fuel, is

The indicator was already fulfilled as of the Terminal
evaluation.

The Project successfully developed technologies for
bio-oil separation and stabilization.

Bio-oil can be separated by application of water
extraction method. As for stabilization, water-insoluble
bio-oil is to be stabilized by use of oxidation inhibitor

such as Butylated Hydrotoluene (BHT).

developed.
7.2By 2014, a The indicator was already fulfilled as of the Terminal
prototyped separator evaluation.

cum stabilizer of
bio-oil in a pilot-scale

is developed

A prototyped water extraction separator that enables to

separate bio-oil into water-soluble fractions and

water-insoluble ones was developed and installed at

NSTDA.

Task 3: Upgrading Bio-oils and Life Cycle Assessment

8. Deoxygenation

and catalytic

Indicators

Activities and Achievement Level

8. By 2012, oxygen

The indicator was already fulfilled as of the Terminal

11
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hydrotreating
technologies for
upgrading of
bic-oils to the
quality of
petroleum gasoline
and diesel oil are

developed.

content of bio-oil from
Jatropha residues is

reduced by 10-20wt%.

evaluation.
By use of sulfided NiMo/Al,O; the oxygen content of
bio-oil from Jatropha residue was reduced from 23wit%

to between 9 and 12wt%.

9. Co-processing
technology of
deoxygenated
bio-oils and
conventional
petroleum, which
can be utilized at a
conventional
petroleum refinery,

is developed.

Indicators

Activities and Achievement Level

9. By 2014, the
quality of the blended
deoxygenated bic-oil
with petroleum
fractions and further
upgraded under the
conventional
petroleum refining
conditions meets the
quality standard of
petroleum gasoline
and diesel oil, (sulfur
content < 10-50ppm,
oxygen content <

0.1wt%)

The indicator was already fulfilled as of the Terminal
evaluation.

The Project developed co-processing technology of
deoxygenated bio-oil and conventional petroleum.

By mixing petroleum-based diesel and deoxygenated
bio-oil, which was obtained through
hydrodeoxygenation process in the framework of Task
8, the Project successfully produced hydrocarbon fuel.
The quality of fuel satisfies the indicator’s requirements
as follows: the figure of sulfur, between 6.3 and 16 ppm,

and oxygen content, below 0.1w1%.

10. CO, reduction
effect for using
Jatropha derived
oils as
transportation fuels
is clarified by the
Life Cycle
Assessment

(LCA).

Indicators

Activities and Achievement Level

10. By 2014, CO,
emission in the
processes of biomass
residues pyrolysis to
bio-oils and following
upgrading of bic-oils
to transportation fuels
is clarified by the Life
Cycle Assessment

(LCA).

The indicator was already fulfilled as of the Terminal
evaluation.

CO; emission in the process of Jatropha residues
pyrolysis to bio-oil and its upgrading was clarified.

In the process of bio-oil production, the emission of CO,
was calculated as approximately 3.3 kg CO; eq/kg
bio-oil. CO, emission while hydroprocessing for
upgrading bio-oil was approximately 9.0 kg CO; eq/kg

bio fuel.

Task 4: Automobile fuel compatibility

11. Automobile
fuel compatibility

Indicators

Activities and Achievement Level

11. By 2014,

The indicator is partly not fulfilled yet as of the

12
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of biofuels from
Jatropha residues,
including bio-oils
upgraded with
conventional
petroleum, is

proven.

automobile fuel
compatibility of
biofuels derived from
Jatropha residues
(including bio-oil
blended with
petroleum) is proved
by material
compatibility
evaluation and engine
combustion
performance

evaluation.

Terminal evaluation.

Automobile fuel compatibility of biofuels obtained after
upgrading bio-oils from Jatropha residues was
confirmed by the evaluations on material compatibility,
but not vet by engine combustion performance.

Material compatibility evaluation showed that the
biofuels can be improved as lower sulfur rate, below 10
ppm, and lower oxygen content, below 0.1%. It indicates
that the biofuels is compatible with automobile fuel.

On the other hand, engine combustion performance
evaluation has not been conducted yet mainly because of
insufficiency of biofuels volume for implementation of
the engine bench test. The reason of insufficiency is
derived from the delay in full operation of bio-oil plant
at TISTR due to heavy flood in 2011, and delay in the

subsequent upgrading of the TISTR’s bio-oils.

Human resources development/technology transfer, practical application of BDF production technologies

Task 5: Human resources development/technology transfer

12. Researchers
involved with
biofuels production
and utilization are

nurtured.

Indicators

Activities and Achievement Level

12. Number of
research papers and
presentations at
academic conferences

is increased.

The indicator was already fulfilled as of the Terminal
evaluation.

In the course of the Project implementation, the Project
related personnel elaborated many of research papers

and presentations.

13. Preparations for
practical application
of BDF production
technologies are

done,

Indicators

Activities and Achievement Level

13.1 Issues (e.g. raw
materials,
technical/economic/e
nvironmental aspects,
etc.) and future
directions relating to
practical application
of BDF production
technologies are

clarified.

The indicator was already fulfilled as of the Terminal
evaluation.

Through implementation of the Project along with
discussion between Thai and Japanese sides, the
followings are identified as necessary issues to tackle in
order to realize dissemination and application of BDF

production technologies.

1) Stable procurement of raw materials
In the short run, major target of H-FAME material
would be palm. Although the Thai government plans to

increase production of palm for BDF purpose apart from

13
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food sector purpose, it is necessary to ensure the

increase of its production.

2) Quality of H-FAME
It is necessary to continue testing the quality of
H-FAME for its credibility. Production of H-FAME

under larger scale than the pilot plant is required.

3) Business feasibility

It is estimated that the cost for making H-FAME
requires additional arcund 1 Baht to FAME as of the
Terminal evaluation. It is necessary to keep studying the

cost cutting from the business viewpoints.

The Project related personnel and organizations are now
planning to conduct consecutive studies including these
aspects. The studies will involve not only research
institutes but also private companies with an eye to

realize future application of H-FAME.

13.2 Actions for
practical application
of BDF production
technologies are
taken (e.g.
strengthening
collaboration with
primary industries,
business enterprises,
neighboring

countries).

The indicator was already fulfilled as of the Terminal
evaluation,

As abovementioned, the following study project is now
under consideration together with Thai government,
research institutes from Japan and Thailand, and private
companies.

In addition, another scheme such as the third country
training is also considered to promote dissemination as

well as technical transfer on H-FAME technologies.

2-3. Achievement of Project Purpose

Project Purpose:

Fundamental technologies to produce biofuels from non-food biomass for

automotive ufilization are developed.

Indicators

Activities and Achievement Level

meets  the

1. It is possible to produce
Biodiesel fuel (BDF) which
’EAS-ERIA

The indicator was already fulfilled as of the Terminal evaluation.
The Project produced H-FAME from Jatropha, which satisfies
the "EAS-ERIA Bio-Diesel Fuel Standards’. The H-FAME produced

14
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Bio-Diesel Fuel Standards’ | by the Project showed 15.1 hours oxidation stability while the
(10.0  hours  oxidation | EAS-ERIA standard’s minimum requirement is 10 hours.

stability which is higher than
the EU standard EN 14214
of 6.0 hours) on a one (1)

ton per day basis.

2. The quality of biofuels | The indicator was already fulfilled as of the Terminal evaluation,

from  Jatropha residues | The quality of bicfuels from Jatropha residues by the Project satisfies
produced and upgraded by | the quality standards of petroleum gasoline and diesel oil through its
the Project satisfies the | upgrading process.

quality standards of | The quality of the fue] satisfies the indicator’s requirements as follows:
petroleum  gasoline and | the figure of sulfur, between 6.3 and 16 ppm, and oxygen content,
diesel oil (sulfur contents < | below 0.1wt%.

10ppm, oxygen < 0.1wt%) at

laboratory level.

24, Prospect of Achievement of Overall Goal

Overall Goal: The improved technologies for biofuels from non-foed biomass by the Project

are disseminated in Thailand.

Indicators

By 2019, the improved technologies for biofuels from non-food biomass by the Project disseminated to
rescarchers and engineering firms in Thailand through actions by the Thai research institutions

engaged in the Project, including seminars, training courses, technical services, and so on.

Prospect:

It is possible for the Overall Goal to be achieved by the target year of the goal. H-FAME technology
can be applied not only to non-food biomass but also food biomass.

The counterpart organizations including NSTDA, TISTR and KMUTNB have functions te conduct

trainings and seminars on rencwable energy including BDF to the public. By use of their training

platforms, it can be expected the H-FAME technology is to be disseminated.

2-5, Implementation Process of the Project

2-5-1 Communication

Sharing and exchange of information on the progress of the Project are satisfactory between Japanese and

Thai side. Internet communication such as teleconference and e-mail also helped information sharing in

addition to face to face communication.

Communication targets are not only within researchers but also government officials including Ministry

of Energy. Close communication was one of the contribution factors of the Project’s achievement as

described later.
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The Project coordinator stationed at NSTDA, TISTR and KMUTNB has also contributed a lot to
enhancing smooth communication sharing between Japanese side and Thai side during the whole Project

period.

2-5-2 Monitoring

Monitoring has been conducted basically by the working groups, which were established on the basis of
their technical topics. Information on the progresses are shared among all the Project related persons in
Japan and Thailand, and reported at the timing of JCC, Steering Committee, academic conferences,
seminars and other events held in Japan and Thailand.

Among the several monitoring platforms, the Steering Committee should be specially noted as a strong
and effective monitoring platform in the Project, The commiitee meeting every two months functioned as
a close monitoring mechanism which avoided the delay in taking counteractions for whatever challenging
issues. ‘

Each counterpart organization, NSTDA, TISTR, and KMUTNB has also elaborated progress reports
quarterly basis and reported the Project’s progress and outputs to relevant ministries and key stakeholders

including JICA office. These repo_rtiﬁg also functioned as a monitoring tool of the Project’s progresses.

2-5-3 Modification of the Project design

The Project extended one year of the Project period because the heavy flood disaster in 2011 made the
series of activities paused for about one year. Without its extension, the Project’s outputs would be
possibly terminated in half-way achicvement status. It is evaluated the appropriate modification in this

context. The details are shown in the following “Inhibition factors”.

3. Evaluation by Five Criteria

Each criterion is evaluated using the following five rankings: “high”, “relatively high”, “moderate”,

“relatively low™, and “low”.

3-1. Relevance
Relevance of the Project is high.
The Project is consistent with the priority of development policies of Thailand, the needs of the key

stakeholders/counterparts, and Japan’s Official Development Assistance (ODA) policy.

3-1-1 Consistency with the development policy of the government

The Eleventh National Economic and Social Development Plan 2012-2016, which is regarded as the most
fundamental national development policy of Thailand, sets the seven developmnent strategies. One of them
is the “managing natural resources and environment towards sustainability”, and it stresses the
importance on research and development to increase the productivity and utilization of bio-energy,

In addition, the Alternative Energy Development Plan 2012-2021 issued by Ministry of Energy declared

further promotion of renewable energy use along with research and development.
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As noted in the following chapter as Impact, the Altemnative Energy Development Plan was revised in
2015, and reset the goal year to 2036. The revised plan places more imporiance on renewable energy as
well as bio-energy’.

Since the primary purpose of this Project is to develop fundamental technologies on bio-energy
production, it is confirmed that the Project is consistent with the Thai governmental development policy

and strategies.

3-1-2 Consistency with Japanese ODA policy/plan

The Country Assistance Policy for Thailand sets three priority areas of assistance, one of which is to
focus on “Sustainable development of economy and coping with maturing society”. In this priority area,
the Policy stresses the importance to assist in advancement of research capabilities and networking
through Thailand-Japan collaboration towards the mutual benefit of economy and society in Thailand and
Japan, The Project is placed as one of the important projects in the Rolling plan as “Advancement of
research capabilities and networking” program.

The Project has also another feature as environment and climate change sector. This category is also
another priority area of Japanese assistance to Thailand.

The consistency with the Japanese assistance policy of the Project is confirmed in these lines.

3-1-3 Consistency with the needs

The counterpart organizations including NSTDA, TISTR and KMUTNB, who have rich research
experiences on bio-energy, owed important mission to contribute to achieving the policy tarpets declared
at the Alternative Energy Development Plan.

Although they had many resecarch achievements on FAME production, the researches on bio fuel making
by biomass residue were relatively limited. To upgrade FAME by hydrotreating process was also rather
limited at the time of the Project commencement. In this line, the co-research works in the Project
framework by the Japanese and Thai rescarchers arc to satisfy the needs of the Thai counterpart

organizations, It is evaluated that the Project met with the needs of the counterpart organizations.

3-1-4 Appropriateness of the Project design: involvement of stakeholders

The Project involves key stakeholders not only from the research organizations and universities such as
NSTDA, TISTR and KMUTNRB, but also the line governmental organizations including Ministry of
Energy. Looking at the social application of the Project’s outputs in the future, this stakeholders’ line up
is considered to be effective. The project design from the viewpoint of stakeholders’ involvement is

evaluated appropriate.

' The previous plan set the ratio of renewable energy as 25% among total energy consumption by 2021, while the L 7
revised plan set 30% by 2036. As to biodiesel, the previous plan sets 7.2 ML/day usage by 2021 and current plan sets
14 ML/day by 2036.
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3-2. Effectiveness

Effectiveness of the Project is high.

3-2-1 Progress of Project purpose and outputs

The Project purpose, which is to produce biofuels from non-food biomass for automotive utilization, has
been satisfactorily achieved as of the Terminal evaluation. By use of Jatropha, the Project developed the
technologies to produce H-FAME, which is the upgraded product of FAME, through hydrotreating
process. The technologies to upgrade bio-oil from Jatropha residue were also successfully developed.
Both products of Jatropha H-FAME and bio-oil from Jatropha residue are satisfying the targeted quality,
which is "EAS-ERIA Bio-Diesel Fuel Standards’ and the standards of petroleum gasoline and diesel oil,
respectively.

Looking at the achievement status of each Output, nearly all the Outputs were achieved as originally
expected. Only the combustion performance evaluation in the framework of the Output 11 was not in time
mainly because of insufficiency of biofuels volume for implementation of the engine bench test. The
reason of insufficiency is derived from the delay in full operation of bio-oil plant at TISTR due to heavy
flood events in 2011, and delay in the subsequent upgrading of the TISTR’s bio-oils.

Although there is only one issue to be left in the Output 11, overall, it is evaluated that the Project has
implemented a series of planned activities steadily and produced tangible outputs, which resulted in

achievement of the Project purpose.

3.2-2 Contribution factors

1) Effective use of assets on personal relation and infrastructure between Japan and Thailand

Japan and Thailand has kept long and good relationship for long time not only by the JICA project but
also collaborative research works, The Project was able to proceed on the basis of such historical assets
not only on laboratory infrastructure but also personal relationship. It helped both sides to work in

harmonized manner all the time.

2) Recognition of management strata personnel of counterpart organizations

The management strata personnel including presidents of the counterpart organizations have been the
strong supporters of the Project with high recognition of the importance of the Project activities. Their
high recognition led to securement of the budget for not only the daily works at the Project activities but
also relatively large amount of budget such as automobile running test by NSTDA, conversion works of

circulating fluidized bed pyrolyzer at TISTR, and laboratory maintenance at KMUTNB.

3) Cooperation by a private company
The Project received cooperation from a private company on automobile running test. Since this kind of
test is indispensable to ensure the engine compatibility of H-FAME, its cooperation contributed to

achieverment of the Project purpose.
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4} Frequent communication among the Project personnel and active implementation of public relations
The Project paid attention on frequent and close communication not only within the researchers but also
with government officials including Ministry of Energy. Such elaborated communication environment led
to better performance of the Project activities and to reflect the Project’s outputs on policy document of
the Thai energy sector,

In this line, public relations were also actively and effectively conducted in the Project to disseminate the
Project’s outputs to relevant stakeholders. The Project utilized various tools effectively such as PR video,
posters, TV, and conducted public relations by use of events such as science and technology fair. These

efforts also made the base of stakeholders’ recognition of H-FAME by the Project.

3-2-3 Inhibition factors

1) Heavy flood in the year of 2011

Heavy flood in 2011 caused the damage of the pilot plant for H-FAME production, and also put off
installation timing of another pilot plant for bic-oil production, circulating fluidized bed pyrolyzer, at
TISTR. The posiponement of installation of bio-oil production plant accordingly caused the delay in
bio-cil production. The Project confirmed the quality of improved bio-oil through material compatibility

evaluation, but could not finish engine combustion performance evaluation as originally planned.

Vice versa, the counteractions taken by the Project for this challenge should be noted in hereto. Firstly,
owing to efforts by Thai counterpart organizations and Japanese researchers with JICA office, all the
facilities were repaired completely. Then, secondly, the Project extended the project period for one year
through discussion and coordination efforts among relevant organizations in Japan and Thailand. The
one-year extension arrangement produced positive effects. The most representative example is reflection
of the Project’s output, H-FAME, on the newly revised Alternative Energy Development Plan in 2015, If
the Project had terminated as originally scheduled one year before, the Project may have missed the right
timing to let the government officials to know the Project’s outputs, and might be slightly difficult to
reflect H-FAME on the revised Plan.

3-3. Efficiency

Efficiency of the Project is high.

Manpower inputs from both Japanese and Thai side and facility/material inputs contributed to
achievement of outputs. Facility/material inputs as pilot plant for H-FAME and bio-oil production were

also giving a great impact on the Project’s achievement,

3-3-1 Manpower inputs
1) Japanese manpower input
Japanese side dispatched short term experts in the relevant technical fields and long term experts stationed

in Thailand as a project coordinator. Short term experts with abundant experiences and knowledge on

bio-energy from various perspectives have been dispatched from research institutes as well as universities.
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The manpower input is evaluated appropriate for achievement of the expected outputs and the Project

purpose.

2) Thai manpower input

It is evaluated that Thai side has made effective manpower inputs towards achievement of the Project
purpose until the Terminal evaluation. In addition to their own knowledge and skills, many of researchers
have continucusly engaged in the Project activities without frequent job rotation. This arrangement of

personal inputs also contributed to efficiency of the works during the entire project period.

3-3-2 Facility and Equipment
The Project installed the pilot plant for H-FAME production and bio-oil production from biomass residue
at TISTR. Considering the Project purpose, it is evaluated reasonable and indispensable inputs for the

Project implementation.

3-3-3 Training in Japan

Visiting Japan was an effective event for counterparts to observe the research methodologies in Japan and
how to operate and maintain the facilities related to the Project activities. One of the representative
examples of its effectiveness is that learning the mechanism of circulating fluidized bed pyrolyzer helped

the counterparts to start stable operation of the plant at TISTR.

3-3-4 Budget

The amount of budget was satisfactory with the Project activities from Japanese side as well as Thai side,
As already noted in the Contribution factors, Thai counterpart organizations allocated necessary budget in
flexible manner in addition to the fixed budget allocation. Owing to such flexible allocation, necessary

repairs and conversion works for pilot plant facility, and automobile running test were realized,

34, Impact
Impact of the Project is high.
Impacts on policy, organizational, technical, and social aspects are observed as of the Terminal

evaluation.

3-4-1 Positive impact

Policy aspect:

1) Policy reflection

One of the remarkable outputs by the Project, H-FAME, is reflected as one of prospective biodiesels in
the revised Alternative Energy Development Plan (AEDP) 2015-2036. Ministry of Energy was convinced
the potential of H-FAME by the positive result of the automobile running test which was carried out by
cooperation of an automobile company, The running test successfully triggered the attention of Ministry

of Energy and led to reflection of the revised AEDP
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Technical aspect:

1) Application potentials of H-FAME

The technologies to produce H-FAME can be applied not only to Jatropha but also many types of biomass
and non-biomass materials. As of the Terminal evaluation, the Project has been applying the technologies
to Jatropha and palm. It is expected to promote H-FAME production of palm for the time being along
with the Alternative Energy Development Plan’.

Organizational aspect:

1) Stronger relationship among stakeholders

The Project promoted tighter relationship among counterpart organizations including NSTDA, TISTR,
KMUTNB, and other stakeholders such as Ministry of Energy and private companies on biodiesel
production. Frequency of communication and consultation processes in the framework of the Project
contributed to tightening the relationship, which expectedly lead to seamless cooperation even after the

Project.

2) Capacity development of younger rescarchers
The Project activities contributed to enhancing the technical knowledge of young rescarchers, and

increased the number of academic reports/papers among the counterpart organizations.

3-4-2 Negative impact

There are no negative impacts observed.

3.5, Sustainability
Sustainability of the Project is relatively high.

Sustainability of policy aspect as well as organizational/technical aspect is confirmed. Regarding financial
sustainability, although it is prospective that the next phase demonstration project receives the necessary
budget either from funds of Japan or Thailand, it is not yet secured as of the Terminal evaluation.

Considering the current situation, the sustainability is evaluated relatively high.

3-5-1 Policy aspect

1) Prospects of policy direction

Thai govemment has the national plan for altemative energy, namely, Altemative Energy Development
Plan towards the year of 2036, which shows the government’s strong will to enhance research and
development of H-FAME and its utilization to the target year. Since the plan clearly mentions such future

direction of H-FAME promotion, it is evaluated that the sustainability of policy aspect is basically high.

% Responding to the requests from Thai government, the Project may put more promotion effort on palm H-FAME
than Jatropha H-FAME for the time being because the palm H-FAME has more feasibility in terms of the stability of
its oil quality and the easiness of material procurement than Jatropha.
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However, the global market of the oil price has remained in the low range recently. It should be noted that
it can be a risk factor to influence on the future of the policy intension from the global market viewpoint

if the oil price continuously goes lower than the current level.

2) Legal/regulation aspect

In order for H-FAME to be accepted by public in the market, setup of incentive mechanism is necessary.
At this moment Thai government has already concerned its necessity from the tax incentive viewpoint. It
can be expected that the government would complete preparation of such incentive mechanism while the

research and development efforts on H-FAME continue.

3-5-2 Organizational and Technical aspect

In order to promote and disseminate H-FAME technologies in Thailand in the context of social
application, collaborative works by the counterpart organizations are required in the same manner
basically as the Project period. Since all the organizations have solid and sustainable organizational
structure and technical expertise, there are no serious concerns on their sustainability in the organizational
and technical aspect as of the Terminal evaluation. The remaining challenge is how tc continucusly work
in the collaborative manner under whose organizational initiatives and coordination efforts.

As to the facilities and equipment that the Project provided, there are no negative concerns on the
technical aspect of their use and maintenance, it is necessary for TISTR to ascertain how to procure spare

parts when necessary along with a short-mid-long term maintenance/renewal plan.

3-5-3 Financial aspect

As of the Terminal evaluation period, the Project has already prepared several proposal options in order to
continue the studies with larger scale plants of H-FAME production, because such demonstration project
with scale up infrastructure is indispensable towards social application process. The options of the budget
sources are the project fund from Japanese side and another from Thai private companies’ as of the
Terminal evaluation. Both options have a certain level of possibilities to successfully receive the budget,
though, it is not assured yet.

Considering that the necessary budget may require more than 10 million USD, it should be considered
whatever unexpected events may occur. In this line, the financial sustainability is evaluated uncertain as
of the Terminal evaluation, although there are possibilities to be solved out in months after the Terminal

evaluation.

3-6. Conclusions

A series of the Project activities and its purpose were consistent with the Thai governmental policy and
the needs of the government as well as the counterpart organizations including NSTDA, TISTR and
KMUTNB.

The Project achieved successfully the purpose as originally expected. The highlighted output as H-FAME

technology was reflected in the newly revised Alternative Energy Development Plan to 2036 since the
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Ministry of Energy recognized the potential through a variety of events in particular of the automobile
running test, It should be noted as a great impact produced by the Project.

All the Project related organizations together have already prepared the next phase actions, demonstration
project. Sustainability towards the social application stage is almost ensured along with this preparation
effort. The remaining issue is to finalize the budget source for implementation of the demonstration

project.

4, Recommendations
Based on the analysis of the Project, the Team put the following recommendations to Thai side towards

enhancement of the Project’s outputs within/after the Project period.

(1) Implementation of demonstration project

It is recommended that demonstration project on H-FAME with larger scale plant be implemented as the
next stage towards social application stage. The team acknowledges that the all the Project relevant
organizations started to prepare proposals to realize the project. The team recommends to accelerate its
preparaticn and to ensure the implementation with necessary funding sources.

In this line, it is necessary to start discussion regarding which organization to take what roles in the

demonstration project including the secretariat role for coordination of the stakeholders.

(2) Keeping and/or developing communication network

During the social application stape, communication with various stakehclders will be as important as
during the Project period, or will be much more important. It is recommended to sustain the
communication network that the Project established among counterpart organizations and government
officials, and to develop further with supply side players such as Ministry of Agriculture, and user side

players as oil makers and automobile makers.

(3) Continuous studies of bio-oil, and biofuel from non-food biomass

Although the bio-oil development was carried out in the Project framework successfully in terms of the
indicator’s fulfillment, further studies are necessary towards transferring to the social application stage in
the mid-long run. It is recommended to continue the study with collaboration of the counterpart
organizations.

The study in the long run perspective on production of biofuel from non-food biomass including Jatropha

is also recommended from economic viewpoint and reliable supply chain for the future.

(4) Dissemination of the research ocutputs to ASEAN countries and others

It is recommended for Thailand to disseminate H-FAME technology to ASEAN countries as a technical "
leader of H-FAME in the region. In this line, it is also expected for the pilot plant installed by the Project

to be effectively utilized for such training purposes as well.

It is also recommended for Thailand to continuously contribute and collaborate on the related academies

. R



and related events such as ASEAN Biofiiel Flagship and international workshop with APCTT and

IRENA, which is a crucial factor for the sustainability.
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Annex 1: INPUTS FOR THE PROJECT (JAPANESE SIDE)

(1) LIST OF JAPANESE EXPERTS

1) [Dr. Yuji Yoshimura

AIST (Leader/Research Director, Catalyst Technology for BDF
production and Upgrading, Implementation Strategy)

2) |Dr. Makoto Toba AIST (Catalyst Technology for Upgrading of Bio-o0il)

3) {Dr. Takehisa Mochizuki

AIST (Catalyst Technology for Pyrolysis and Upgrading of Bio-

oil)
4) |Dr. Shinichi Goto AIST (Automobile Fuel Comaptibility Evaluation)
5) [Dr. Mitsuharu Oguma AIST (Automobile Fuel Comaptibility Evaluation)
6) |Dr. Kazuhisa Murata AIST (Catalyst Technology for Catalytic Pyrolysis)
6) |Dr. Yoshikazu Sugimoto |AIST ( Deoxygenation Technology for Bio-oil)
8) |Dr. Yoshizo Suzuki AIST (Technology for Bio-oil preduction)
9) [Dr. Shih-yuan Chen AIST (Catalyst Technology for BDF production)

10) |Dr. Masayuki Sagisaka AIST (Life Cycle Assessment Technology)

1) |Prof. Akio Nishijima Imprementation Technology)

WU (Diputy Research Director, Capacity building and

12) [Prof. Yasuhiro Daisho WU (Fuels combustion Behavior Simulation)

13) {Prof Masafumi Katsuta WU (Capacity building)

14) |Prof. Jin Kusaka WU (Fuels combustion Behavior Simulation)

15) [Prof. Hiroshi Onoda WU (Life Cycle Assessment Technology)

16) |Prof. Makoto Nohtomi WU (Life Cycle Assessment Technology)

17) |Dr. Hideo Samura WU (Implementation Strategy)

18) [Dr. XiaoDan Cui WU (Fuels combustion Behavior Simulation)

<Withdrawal>

Dr. Hideaki Hamada AIST (Automobile Fuel Comaptibility Evaluation)
Mr. Yukichi Horie AIST (Deoxygenation Technology for Bio-¢il)
Ms. Yohko Abe AIST (Catalyst Technology for BDF Upgrading)
Prof. Junichi Watanabe WU (Implementation Strategy)
Prof. Takao Nakagaki WU (Fuels combustion Behavior Simulation)
Prof. Takuya Kirikawa WU (Life Cycle Assessment Technology)
Prof. Katsuya Nagata WU (Life Cycle Assessment Technology)

Prof. Tsukasa Ohkawa WU (Implementation Strategy)




Annex 1: INPUTS FOR THE PROJECT (JAPANESE SIDE)

(2) Provision of Equipment

No. Name Details Location Cost (THB) Cost (JPY) | Installation Date
P?]Ot' Plant for high qu.ahty Custf:m mafiefProductlon Unit, Up- TISTR (44,280,442 30) 120,000,000 19 Mar. 2011
biodiesel fuel production grading Unit

5| Standard apparatus for catalytic |pe) o icro reactor, Micro GO |MTEC 5,181,000.00]  (14,040,510)( 7 Mar. 2011
reaction test
3|Homogenizer Thermo Fisher Scientific, T25 Digital MTEC 72,000.00 (195,1203 7 Mar. 2011
Buchi Rotary Evaporation Unit,
4|Reotary evaporator Heating Bath, Vacuum Pump MTEC 434,600.00 (1,177,766} 7 Mar. 2011
5|Canopy Hood Custom made MTEC 570,000.00 (1,510,500){ 13 Mar. 2012
PARR High Temperature/High
6(Autoclave Pressure Reactor, Head and Cylinder |MTEC 1,177,000.00 (3,189,670)( 7 Mar, 2011
and Internal Wetted Components
Frontier Lab Double Shot Pyrolyzer,
7[Lab-scale pyrolyzer Auio Shet Sampler, Auto-shot Gas  [MTEC 1,540,000.00 (4,173,400)] 7 Mar, 2011
Reservoir
8{Bio-oil Separator Custom made MTEC 3,948,000.00 (10,699,080} 31 Jul 2013
TruSpec CHN Elementat
Determinator Package, Sulfur
9|CHNOS Analyzer Module for TruSpec, TruSpe MTEC 4,077,000.00 (10,804,050) 6 Mar, 2012
Oxypen Add-on Moedule
. . Frontier Lab Doubte Shot Pyrolyeer,
10{Pyrolyzer link with GC-MS Agilent GC, MS, Auto injector TISTR 3,704,000.00 (9,926,720)] 9 Feb. 2011
yy[Pilotscale extruded-type fast |0 0 TISTR 792,000.00(  (2,114,648)| 7 Jun. 2011
pyrolyzer
PerkinElmer ICP-Optical Emission
[2{ICP Spectrometer Optima 8000 TISTR 2,900,000.00 (7,221,000)] 10 Jan. 2012
. P PARR Micro Reactor 00 mL (Fixed
13 f;:;;‘:ﬂ"gh PrESSULE TICTO™ | 1ead), T316 Stainless Steel Magnetic[KMUTNEB 955,000.00]  (2,588,050) 7 Mar. 2011
Drive
14|Ge-Ms Agilent GC 78904, MSD3975C, | MuyTNB 321600000  (8,715,360)| 7 Mar.2011
Auto Sampler
15(Chemisorptions analyzer BELCAT - B (x2) %?IINB/ 7,100,000.00 (18,815,000)} 29 Mar. 2012
16]Fluidized bed pyrolyzer Custom made TISTR 3,120,000,00 (7,862,400)| 28 Sep.2012
Agilent FC-AS, DAD VL, TCC, ALS,
17|HPLC Quat Pump VL, Solvent Cabinet MTEC 2,084,000.00 (5,647,640} 7 Mar. 2011
: . Brookfied LVDV-[I+Pro Extra,
18| Viscosity Meter Refrigerated Bath MTEC 592,500.00 (1,475,325)| 22 Dec, 2011
19| Vacuum oven NEMERT { MEM-E-VO300 Pump |yprgc 693,000.00[  (1,878,030)| 7 Mar. 2011
20| Tubular fiunace Carbolite HST12/400/3216P1 MTEC 500,000.00 {1,340,000)| 21 Feb. 2011
Qil Pure System VI-50, Turbine Jet
21| Vacuum jet dehydrator Centrifuge, Oil Water Separation, Qil | TISTR 1,682,243.00 (4,155,140} 10 Feb. 2012
Strainer Element
22{Peristaltic pump Reglo Analog MS-4/8-100 KMUTNB 80,600.00 (218,426)] 7 Mar, 2011
23|Dual line vacuum manifold ~ [MenM, Vacuum Trap, Direct - yeppiyvg 272,000.00 (737,120) 7 Mar, 2011
rive Pump
24|Realtime PM Analyser SPC 472, EURQS-MK2, UKAS MTEC 7,600,000.00 (20,596,000)| 14 Nov. 2013
25|CFPP analyzer Tanaka MPC-102A TISTR 775,000.00 (2,100,250} 10 Oct. 2013
26| Degumuming Equipment Custom made TISTR {3,480,000.00) 8,700,000{ 31 Jul 2012
Total 100,826,385.80 269,881,197

* Exchange vate used in () : Tbaht=2.7]yen
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Annex 2: INPUTS FOR THE PROJECT (THAI SIDE)

{1) Assignment of C/P Persomnel

ey
No Projuct Posilion Name Organization Group Division Laa Rusponsibili [ Puiod ]
1 |Proisct Director Dr. Paritud Bhandhubanyong NSTDRA Pmm.ﬂ Llnmg@mt
Stewring Comumitlec
Dr. Sirlluck Nlvitchanyong Prolect Maniagement
2 |Project M BAMTI
ject Manapes Deputy Executlve Director in Research  [NSTBAMTEC Steaing Commitiar
and Development
Dr. Aree Thanaboonsombut Project Manatumient
a . ¥
2 |Project Manages Deputy Executive Directar in Research  |[NSTDAMTEC Steering Comumitioe
and Development
Dr. Aparat Mahakhant Froject Management /(Capacity Develupment
3 |Depuly Project Manager Deputy Gavernor Research and TISTR
Developrrent for Sustainable Steering Commiltee
Development
Dr. Suriya Sassanarakkit Project Manapement
. Deputy Governor Rasearch and
3 | Depuly Projoct Manager TISTR
ity Pl o Develapment for Sustalnable Stoering Commiliee
Development
Dr. Sutiporn Chewasatn Project Manapanem.
. Bros, Deputy Governor Research and
3 | Duputy Project Manager TISTR
Pl e Development for Sustainable Stoaring Cammitios
Development
Dir, Sabalthlp Tungkamanl Praject Manageanem i
4 | Duputy Project Manaper KMUTNB
wputy Proj 2 Is)ezn, Faculey of Selence Ensrgy and Stecring Cammitiee
nvironment
4 | Deputy Project Manager or. Surin Lassooksathit K MUTNE Proju‘n M:mgu.nmt
Diean of Faculty of Applied Sclence Staging Commitie
5 | Semior Rescarch Seg Ms. Peesamal | Jakul NSTDA Project Management
M Sieering Commitles
4 |CP Dr. Werasak Udomkichdecha NSTDAMTEC MTEC Director
7 |CP Dr. Thumrangrit Mungcharoen NSTDAMTEC CPMO Directoe Energy eluster
Runewahle Energy Lah (formuly N MTEC coordinator!
8 |Rescorch Lender Dr. Nuwong Chollacoop NSTDAMTEC Biomergy Lah), MTEC Dy, Sumittm Detoxilication Fracionation’ E
7 |CP Mr. Atomo Yukimune NETDA MTEC MTEC Coardinatar
Failure Analysis and Materials - A
1 |CP Dr. Ekkarut Viyanit NSTDAMTEC Cosrasion Lat, MTEC Ms. Siriluck Fractionation
Materials Tochnolopy for itk
n |CP Dr. Sittha Suktkasi MNSTDAMTEC Hazardous Substances Free T Fractionation
Products Lab, MTEC
Failure Anahyzis and Malurials —_—
2 |G . L Dr. Ekka:
12 |CP Mr. Nirut Bunchoo NSTDAMTEC Comasian Lab. MTEC I rar Fractionation
Failure Analysis and Matrials ——
1 |cp Mr. Witsanupong Khanraeng NSTDAMTEC Comsion Lab, MTEC Dr. Ekkarut Fractionation
14 |[CP Ms, Vituruch Goodwin NSTDAMTEC Rungwable Energy Lah, MTEC | Dr. Nuwong Solid catalyst Fractionation
; ! e . . Duoxilication Solid catalyst for
15 |[CP Ms. Parncheewa Udomsap NSTDAMTEC Ronewable Enagy Lab, MTEC [ Dr. Nuwoeng BDF Fractionstion of bic-ail
16 [cr Dr. Boonyawan Yoosuk NSTDAMTEC  [Rencwable Enorpy Lab, MTEC | Dr. Nuwong I;:"d catalyst for BDF. Fracilanation o bi.
17 |CP Ms. Buppa Shomchoar NSTDAMTEC Ronewable Enargy Lab, MTEC D, Nuwong Sotid catalys! for BDF
18 |CP Dr. Duangduen Atong NSTDA MTEC Applicl Canmics Lah, MTEC Ms. Sinluck [Catalytic st pyrolysis
19 |CP Dr. Vihoon Sricharoenchaikul NSTDAMTEC Applicd Ceramics Lah, MTEC Ms. Siriluck [Catalytic fast pyrodysis
0 |CF Mr., Teerapang Baitiang NSTOAMTEC Biounergy Lab, MTEC Dr. Nuwong Enpine lesiting
Electrochemical Materials and : P
a1 |CE Mr. Klatkeng Suwannaki| NSTDAMTEC Swsteam Lab, MTEC Dt Sumiltra Enpine lesling
22 (CP Dr.Manlda Tongroon NSTDAMTEC Ronewahble Enagy Lab, MTEC Dr. Nuwong Engine Lesting
23 [cp Mr, Mongken Xananont NSTOAMTEC Rengwable Enggy Lab MTEC Dy Nuwong Enpine lesting
M |CP Mr. Amornpoth Suebwong NSTDAMTEC Ronowable Encrgy Lab, MTEC | Dr. Nuwong Engine testing
25 |CP Dr. Jitei Mungkalasirj NSTDA-MTEC LCA lah, MTEC M. Siriluck LCA
6 |CP Ms, Parnpimon Boonkum NSTDAMTEC LCA Jah, MTEC D Jitti LCA
27 [CP Mr, Athlwatr Jirajariyavech NSTDAMTEC LCA Lah, MTEC D1 Ji LCA
= |ep Dr. Sumittra Chasojrochkul NSTDAMTEC ~ |Dlccochamical Matgialsand — yy o MTEC coondinato:
Systom Lab. MTEC
29 |CP Dr. Peerawat Saisirirat NSTDAMTEC Renewable Enorpy Lab, MTEC Dr. Nuweng Engine Lesting
. . . Salid catalyst for BOF
it |CP Ms. Thitimaporn Duangmanee NSTDAMTEC Biooagy Lab, MTEC Dr. Nuwong. roduciion Fractionation of hic-oil
3P Ms. Jiraporn Boonpo NSTDAMTEC Biocnerpy Lab, MTEC Dr. Nuwong [Fractionation ol hio-oil
R |CP Ms. Wanwisa Thanungkano NSTDA-MTEC LCA fab, MTEC Dr. Jiti LCA
n [CcP Ms. Ruthairat Wisansuwannaka NSTDA-MTEC LCA lab, MTEC D, Jini LCA
I |CP Dr. Yatlka Somrang NSTDA-MTEC Rotirwable Enargy Lab, MTEC  (Dr. Nuwong [Fractionation alhig-pil
s |CP Dr. Supawar Yichaphund NSTDAMTEC (Ceramnics Procossing Lab, MTEC | Dr. Duangducn (Catalytic fast pyrelysis
6 |CP Dr. Subangkel Topalbool NSTDAMTEC Bioctiergy Lab, MTEC Dr. Nawong Enginciesting
37 |CP Ms. Chamaiporn Sukjamsri NSTDAMTEC Bioenergy Lab, MTEC Dr. Nuwong [Engine tusting
i CP Mr, Tanakarn Deungmukpanaa NSTDA-MTEC Bioencrgy Lab, MTEC Dr. Nuwong Enginctesting
; E Faituze Analysis and Materials PO
39 CP Ms. Noramon Intaranont NSTDAMTEC Corrosion Lah, MTEC Dr. Ekkann Fractionation
40 CP Mr. Ukrit Sahapatsapbut NSTDA MTEC Bicenargy Lak, MTEC Dr. Nuwong Salid catalyst for BDF




4 fop Mir. Jarcon Troset NSTDAMTEC  |TAlreAnsER M MATE  n; man Fractionation
a2 o Dr. Somsak Supasitmongkol NSTRAMTEC §::g;‘:fg‘:'1'gc"”‘““ ad e Sumitm | Cotatysis
43 |CP Ms, Pawnprapa Krasae NSTDA-MTEC Bioaergy Lab, MTEC D¢, Nuwong Solid calaly= for BOF
4 |CP Ms. Sildara Thassanaprichayanont NSTDA MTEC Applicd Ceramics Lab, MTEC Catalytic fast pyTelysis
15 |cp Mr. Seksan Papong NSTDAMTEC f;'.l‘_':,_’g'““"“ Manzganant Lab, LcA
a6 {cP Dr, Chutima Eamechotchawaliy TISTR Malcrials nnovation [Dept, TISTR coordmator
37 |Cr Dr. Chanakan, Asasutfarit TISTR Enepy Technology Dept. g’hmm’m High-quality DDF in a pilol-scale
48 |CP Ms. ThanlLa Sonthisawale TISTR Enerpy Technology Thp. Dr. Chanakan Iligh-quality ADF in 2 pilol-scale
49 |ICP Ms. Lalita Attanatha TISTR Linerpy Technolopy Pt . Chanakan Iligh-quality B3 in 2 pilot-scale
50 |CP Mr. Thapparait Kunhanant TISTR Enagy Tochnology Dipd. It Chanakan igh-yuality BEF i » pikii-seale
51 |Research Loader Dr. Siriporn Larpkiattaworn TISTR Moterials Innovation Dept l:{_ﬂhsiﬁn\mﬂ)r.('hmi E‘:’": uﬁﬂ:ﬂﬂ:ﬁ:ﬁdmhm&‘m mmmmm
R 1cr Ms. Phanthinee Somwongsa TISTR Materials Innovation Depd. D, Siripom Analysis propertics of hin-oil
5 |CP Ms. Laksana Kreethawate TISTR Materials Ianovarion Dept. D, Siripem Solid catalyst for BDFPieoil
o |cp Dr. Thanes Utistham TISTR Encgy Teshowlogy Dt D Suriya Bioil prosduction fom Fst pyrolysis
5 oP Dr. Wirachal Soontorarangson TISTR Encrgy Toshnology el Dr. Thanes Bio-oil production fom Fast myrulysis
36 [CP Mrs. Rommanle Wungdeethum TISTR Linergy Technology Depi. v, Suthipem 'TISTR coondinator
57 |CP Mr. Sophon Phromsuwan TISTR Enorpy Tochnology Dept Dr. Thanes Bicvoil production from Fast pyrolysis
8 |CP Mr. Apichat Junsod TISTR Enurgy Technology Depd. Dr, Thangs Riv-vil production fom Fast pyrolysis
59 |cP Mr. Vishnu Panphan TISTR Enerpy Tochnolagy Dept 13r. Chaniskin Iigh-quatity BDF in u pikpscake
& |CP Dr. Wasara Khongwong TISTR [Materials lunovation 1, v, Siripor Sulid catalyst for HDEDiv-oil
&l |CP Mr, Natrawee Teerananont TISTR Encrgy Technalgy Dept. Dr. Clianakan 1igh-quality BDF in a pilobscale
62 |CP Ms. Supranee Lao-Ubel TISTR (Malerials Exnovation Do, Ir, Siripuss Solid catatyst for DI bio-ol
6 |CP Dr. Nittaya Keawprak TISTR (Muterials lnnovation Dvm, 121, Siriporn §Soliyl catalyst for BDEhio-uil
“ |CP Miss Chiraphat Kumpidet TISTR Energy Technology ept. 1z Chanaksn Analysis propertics ol HDF
65 |C:P Ms, Panlda Thepkhun TISTR Encrpy Technology Dt 1z, Chanakan LCATgh-quality BOF i a potescale
66 |cP Mr. Yoothana Thanmongkhon TISTR Energy Technulogy Dept. . Chasakan igh~quatify BDI: in 8 Filor-scai:
67 |CP Ms. Amornrat Susmanotham TISTR Ererry Toctmoky Dup. Dz Chanakan Elighe-quality HDF in & pilat-scale
6 [CF Ms. BenJaporn Thiensong TISTR ﬂ“;:hc::;m‘w il tosting Dr, Chanakan Analysis pruprtics of Fatnpha wil
63 |CP Ms Surapol Vatanawong TISTR Doty Govermar .
™ |CP Mr. Kasldld Asumpinpeng TISTR Encrpy Technolagy Dept, Dr. Chanakan igh-quality BLF in a piket-scale -
7 fcr Dr. Anchana Pattanasupeng TISTR Biotechsiabogy D, Or, Chanakan Detodfieation
7 fer Mr. Phichat Wongham TISTR Eacrgy Techmulogy hpi. Dr, Chaviakan Pikot plan) cnpincering
7 |CP Mr. Suwit Auchariyamet TISTR Enginecring e, Dr. Chanakan [2ibot plamt engincering.
M |CP Dr. Borlsut Chantrawengphaisal TISTR Cnergy Technology T, Or, Thanes Bl proluction from Fust pyrolysis
75 |CP Mr. Satta Watanatham TISTR Energy Tochnology Dept. D, Thanes Bin-oil chumeterization
7% |cr Ms. Jarunrat Lekrungroangksi TISTR linwimament Dept. Dr. Chanssan LA -
77 ICr M3, fulaluk Phunsioi TISTR Materials Innovativs Deps. Dr. Siripom Sulid calahyst for 13D Fic-oil .
7% |er Mr. Chalermchal Jeerapan TISTR Materials Inncvation Dupi. Dr. Siipom Solid catabyst For BDFbin-oil
80 |CP Mr. Nuttapon Vachiraro] TISTR Bioscience Depariment Dr. Aparat Capacity Developrent . -
341 [Research Lo Dr. Sabalthip Tungkaman KMUINE g‘.‘:’g“::: C“K‘L“'J‘%:‘“ Ds Sabaithip m“ Coordinator Uperading -
g [op Dr. Phavanee Narataruksa KMUTNB g’c“;’:fﬂf“g;mg‘““ DrSavaitip  [Upgsading of bio oll
FE (of] Dr, Karn Pana-Suppamassadi KMUTNB f{’c".’:“i":‘l E_"g';mi““" Dr Sabaiibin Upgrading of bio cil
84 |CP Dr. Tanakorn Ratana KMUTNB :EIEST;: cmﬂ%;m Dr Sahaiurip Upgzading of hio ail
85 |cp Dr. Nakadech Younguial KMUTNB %?ﬂ;mﬁﬁtm DrSahaitiip  |Upgading of ol
w6 |ce Dr. Chandrladda Chosratanadilok KMUTNE :‘g;‘p‘gﬁg‘i‘g‘%‘;‘] DrSabaitiip  |Upgrading of bio il
47 [ce Dr. Samittichal Sceyangnck KMUTNB g‘g:‘“:: C&‘;‘S‘;’N‘;” DrSavaimip  [Upgradiog of blo oil .
s lce Dr. Chatchallda Boonpanald KMUTNB gg?&;&:g‘;g‘{_’h‘;"" Dz Sabafibip Ungrading of bio cil -
89 |CP Dr. Manrudee Phengaksorn KMUTNB :‘g:‘u:: c';‘;m':’d Dr Sabaithip Upprading of bio ol
90 cp Dr. Chanut Bamroongwengdee KMUTNB ;"&JE“:“’: cmm‘;‘” D Sabaithip Upgrading of o cil
o [CF DPr. Chajwat Yoonoo KMUTNB ﬁl‘]:[‘x:m:.: ?&mﬁmd Dr Sabaithip Upgrading of hio oil .
PERIS Dr. Rungsima Yeetsorn KMUTNB h"gz“:‘uﬂ_}fg‘:ﬂ%g’“ DeSabaitip | Ungrading ef ol
Facultyof Science, Energy and
93 |CP Mr. Hussanal Sukkathanyawat KMUTNB Envirenment and RCCgroup, Dr Sabaithip Upgrading of bio ol
KMUTNB
Faculty of Science, Encrgy and
924 |CP Dr. Prayut iamrittiwong KMUTNB Enviromunent and RCCproup, Dr Sabaithip Upgrading ol bio cil
KMUTNB
Faculty of Engincering and. .
95 |CP Dr.Piyapong- Hunpinyo KMUTNB Technology and RCCproup, Dr Sabaithip Upgrading o hio ¢il
KMUTNB

* Calerdlar Yior, Plannad assipnments for Y2015,



Annex 2: INPUTS FOR THE PROJECT (THAI SIDE)

(2) Equipment and Facilities Prepared by Thai side

Equipment

Equipment Institute Year Budget (Baht)
Networked GC with FPD/TCD detector |MTEC 2011 2,000,000
Balance MTEC 2011 30,000
Temperature controlled chamber MTEC 2011 24,000
Volumetric KF tritrator unit MTEC 2011 155,000
Air compressor MTEC 2012 50,000
Oven (Model FD53) MTEC 2012 50,125
Rancimat Compressor MTEC 2012 45,000
GPC unit for HPLC MTEC 2012 625,000
AVL smoke meter MTEC 2012 1,440,000
Hot plate MTEC 2012 41,000
Air Compressor TISTR 2011.01.27 52,430
Air Dryer with Air Receiver TISTR 2011.01.27 71,112.20
Hand lift TISTR 2011.02.14 26,750
Mobile of Methoxide TISTR 2011.01.24 79.180
Pump for Cooling tower TISTR 2011.01.24 20,865
Hand pump and Hand Pump with Battery |[TISTR 2011.01.24 95,230
RO system TISTR 2011.02.14 25,145
Electric Boiler TISTR 2011 June 850,714
Balance TISTR 2011 Sep. 16,778
Prototype of Fluidized bed fast pyrolyser [TISTR 2012 Jan. 75,000
Pump for the lab of separation bio oil TISTR 2012 15,000
Pressure Gauge TISTR 2012 21,935
Reparation of Rancimat TISTR 2012 61,729
Peroxide value measurement equipment |TISTR 2012 59,547
Parr reactor TISTR 2012 700,000
Automatic Titator Set for TAN & TBN |KMUTNB 2011 500,000
GC column KMUTNB 2012 22,005
Reactive distillation unit KMUTNB 2012 300,000
Syringe filter KMUTNB 2012 24,026
Weight balance KMUTNB 2012 60,000
Facilities
Laboratory for the project MTEC
Working space for Project Coordinator MTEC
Additional laboratory space for the project MTEC




Workshop for the BDF Pilot Plant TISTR
Workshop for the bench scale Pyrolyzers TISTR
Laboratory for the project TISTR
Room for the JICA expert TISTR
Workshop for the project KMUTNB
Room for the JICA expert KMUTNB
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Annex 5: Research Papers and Presentation at Academic Conferences

Research Papers Published
under
Innovation on Production and Automotive Utilization of Biofuels from Non-Food Biomass
Science and Technology Research Partnership for Sustainable Development

(SATREPS)

International Journal

MTEC/ NSTDA

Detoxification

v" B. Yoosuk, P. Udomsap and B. Puttasawat (2011), “Hydration-dehydration technique for
property and activity improvement of calcined natural dolomite in heterogeneous biodiesel
production: Structural transformation aspect,” Applied Catalysis A: General 395, 87-94

v" P. Udomsap, T. Duangmanee and N. Chollacoop (2011), “Investigation of the Phorbol Ester
Content in High Quality Biodiesel Production Process,” IEEE pubhcat1ons 1-4, doi:
10.1109/ICUEPES.2011.6497719

¥ 8.S. Leng, T.M. Kiat, P. Udomsap, N. Chollacoop and S. Yusuf (2013), “Detoxification of
Jatropha Residue via Methanol Extraction, The Joumnal of Interdisciplinary Networks, 2(1), 137-
143

Biodiesel production and utilization

v N. Numwong, A. Luengnaruemitchai, N. Chollacoop and Y. Yoshimura (2012), “Effect of
Support Acidic Properties on Sulfur Tolerance of Pd Catalysts for Partial Hydrogenation of
Rapeseed Oil-Derived FAME,” J. Am Oil Chem Soc, 89,2117-2120

¥v" N. Numwonga, A. Luengnaruemitchai, N. Chollacoop and Y. Yoshimura (2012), “Partial
hydrogenation of polyunsaturated fatty acid methyl esters over Pd/activated carbon: Effect of
type of reactor,” Chemical Engineering Journal, 210, 173-181

¥ N. Numwong, A. Luengnaruemitchai, N. Chollacoop and Y. Yoshimura (2012), “Effect of Si02
Pore Size on Partial Hydrogenation of Rapeseed Oil-Derived FAMEs,” Applied Catalysis A
General, 441-442, 72-78

v N. Numwong, A. Luengnaruemitchai, N. Chollacoop and Y. Yoshimura (2013), “Effect of
Metal Type on Partial Hydrogenation of Rapeseed Oil-Derived FAME,” J, Am Oil Chem Soc,
90, 1431-1438

v M. Borhanipour, P. Karin, M. Tongroon, N. Chollacoop and K. Hanamura (2014), “Comparison
Study on Fuel Properties of Biodiesel from Jatropha, Palm and Petroleum Based Diesel Fuel,
SAE Technical Paper 2014-01-2017

¥" N. Chollacoop, M. Tongroon, M. Kananont, A. Suebwong, S. Panassorn, P. Bhandhubanyong
(2015), “50,000km On-Road Durability Test of Common-Rail Vehicle with 10% Blend of High
Quality Biodiesel (H-FAME) from Jatropha,” SAE Technical Paper 2015-01-0115, doi:
10.4271/2015-01-0115

¥" C. Thunyaratchatanon, A. Luengnaruemitchai, N. Chollacoop and Y. Yoshimura (2016),
“Catalytic Upgrading of Soybean Oil Methyl Esters by Partial Hydrogenation using Pd
Catalysts,” Fuel, 163, 8-16

v" N. Chollacoop, M. Tongroon, M. Kananont, A. Suebwong, S. Panassorn, P. Bhandhubanyong
(2016), “50,000km On-Road Durability Test of Common-Rail Vehicle with 20% Blend of High
Quality Palm Biodiesel (H-FAME),” (submitted)

Fractionation and stabilization




Boonyawan Yoosuk, Dusadee Tumnantong and Pattarapan Prasassarakich (2012), “Amorphous
unsupported Ni-Mo sulfide prepared by one step hydrothermal method for phenol
hydrodeoxygenation,” Fuel, 91, 246-252.

B. Pidtasang, P Udomsap, S. Sukkasi, N. Chollacoop and A. Pattiya (2013), “Influence of
alcohol addition on properties of bio-oil produced from fast pyrolysis of eucalyptus bark in a
free-fall reactor,” Journal of Industrial and Engineering Chemistry, 19, 1851-1857

Boonyawan Yoosuk, Jiraporn Boonpo, Parncheewa Udomsap and Sittha Sukkasi (2014),
“Investigation of operating parameters of water extraction processes for improving bio-oil
quality,” Korean Journal of Chemical Engineering, 31(12), 2229-2236

LCA

v

W. Thanungkano, P. Boonkum, R. Wisamsuwannakomn, J. Mungkalasiri (2015), “Sufficiency
Economy for Local Energy Security: A Case Study in Wiang Sa Jatropha Municipalilty,”
Energy Procedia, Volume 79, November 2015, Pages 465-470

Catalyzed Pvyrolysis

v

v

K.Murata, V. Sricharoenchaikul, Y. Liu, M. Inaba, M., and I. Takahara (2013), “Effect of metal-
modifed carbon catalysts on fast pyrolysis of Jatropha waste,” Joumnal of the Japan Petroleun
Institute, 56: 371-380.

T. Mochizuki, D.Atong, S.-Y. Chen, M. Toba, and Y.Y oshimura (2013), “Effect of Si0, pore
size on catalytic fast pyrolysis of Jatropha residues by using pyrolyzer-GC/MS,” Catalysis
Commmunications, 36: 1-4.

S.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong (2013), “Synthesis
Characterization and Catalytic Fast Pyrolysis of Jatropha Waste over Synthesized NaZSM-5 and
HZSM-5 zeolites,” Advanced Science Letters, 19: 651-655.

S.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong (2013), “Catalytic
Upgrading of Jatropha Waste Fast Pyrolysis Vapors over Synthesized HZSM-5 Using
Analytical Py-GC/MS,” Journal of Biobased Materials and Bioenergy 7: 252-258.

P. Kaewpengkrow, D. Atong and V. Sricharoenchaikul (2014), “Catalytic Upgrading Of
Pyrolysis Vapors From Jatropha Wastes Using Alumina, Zirconia And Titania Based
Catalysts,” Bioresource Technology, 163: 262-269.

P. Kaewpengkrow, D. Atong and V. Sricharoenchaikul (2014), “Upgrading Of Bio-Oil From
Fast Pyrolysis Of Jatropha Residue With Alumina And Zirconia Supported Pd, Ru, And Ni
Catalyst,” Renewable Energy, 65: 92-101.

S.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong, (2014), “Catalytic
upgrading pyrolysis vapors of Jatropha waste using metal promoted ZSM-5 catalysts: An
analytical PY-GC/MS,” Renewable Energy, 65: 70-77.

S.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong (2014), “Characteristic of
fly ash derived-zeolite and its catalytic performance for fast pyrolysis of Jatropha waste,”
Environmental technology 35: 2254-2261.

S.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong (2014), “Effect of synthesis
time on physical properties and catalytic activities of synthesized HZSM-5 on the fast pyrolysis
of Jatropha waste. Research on Chemical Intermediates”, 40: 2395-2406.

S.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong (2014), “Effect of
crystallization temperature on the in situ valorization of physic nut (Jatropha curcus L.) wastes
using synthetic HZSM-5 catalyst,” Chemical Engineering Research and Design, 92: 1883-1890.
8.Vichaphund, D. Aht-Ong, V. Srichareanchaikul, V., and D.Atong (2015), “Production of
aromatic compounds from catalytic fast pyrolysis of Jatropha residues using metal/HZSM-5
prepared by ion-exchange and impregnation methods,” Renewable Energy, 79:28-37



v' P.Kaewpengkrow, D. Atong, and V. Sricharoenchaikul (2016), “Selective Fast Pyrolysis of
Jatropha Residue with Impregnated Alumina and Activated Carbon Based Catalysts for Bio-oil
Upgrading: Analytical Py-GC/MS,” Applied Catalysis A (submitted)

v 8.Vichaphund, V. Srichareanchaikul, V., and D.Atong (2016), “Production And
Characterization Of Bio-Oil And Bio-Char From Catalytic Pyrolysis Of Jatropha Residues
Using Hzsm-5, Ni/Hzsm-5 And Fly Ash Derived -Hzsm-5 Catalysts,” Environmental
technology (submitted)

Academic conferences

MTEC/ NSTDA

Detoxification

v" P. Udomsap, T. Duangmanee and N. Chollacoop, “Investigation of the Phorbol Ester Content in
High Quality Biodiesel Production Process,” International Conference and Utility Exhibition
2011, 28-30 Sep 2011, Pattaya, Thailand

v" P.Udomsap, Y. Abe, N. Chollacoop, M. Toba and Y. Yoshimura, “The Phorbol Ester Content
in Jatropha Oil Subjected to Batch and Continuous Biodiesel Production Processes of the Same
Condition,” Pure and Applied Chemistry International Conference 2012 (PACCON 2012), 11-
13 Jan 2012, Chiang Mai, Thailand

v 8.8. Leng, T.M. Kiat, P, Udomsap, N. Chollacoop and S. Yusuf, “Detoxification of Jatropha
Residue via Methanol Extraction, “International Conference on Interdisciplinary Research and
Development in ASEAN Universities (ICIRD), 8-10 August 2013, Chiang Mai, Thaialand (with
Best Paper Award)

Biodiesel production and utilization

v M. Tongroon, A. Suebwong, M. Kananont, T. Singsom and N. Chollacoop (2015),
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