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http://www.dede.go.th/dede/fil eadmin/upload/pictures _eng/pdffile/Biodiesel Devel opment.pdf
(2014 1A 12H7 7 ER)

1.2 A FT 4 —E /MBI EE

2005 FLAE . Z A ENIMEABRELOIRFEEZ TP 5720, N 4T 0 — B/l pEHE:
HEEE A B Lz, BUFIC K234 47 « —B /LIPS 15 745 (2008— 2022 4F)
DOEIRZ 1T 2008 4E F THA A5 ¢ — B /LT OAFEIFHEIN LT, & 10 F4EEHE (2012
—2022 %) THAA AT 4 —BABRHENRE I, N 4T 4 —BAHOEENE
DOBEKEZ 45 EH T LIRS 2022 4% T2 597 B LIAICEE Lz,
ZOBUREFIZL Y, B2(F 4 —EBAHIC 2Wm%D A 4T 4 — BV ZTRA) N5
fHF Bitz, F72. 2008 #(Z1E B5 A AT 4 —B/HOHEHBERETITAD LI
72 oc, BHEITIX BS O B2 2011 FI2BAMA S v, B10 OLEEA & AlEEIC /-
77,

121 ‘EpE

ZAFENZBT DHNA AT 0 —BHOAEPET 2RI ESND, 2F0 ., OFE
N—2ATHFEINTWNLT T b, OQHEEEN (2I2=7 48) THREILTWH
L5770 N ThD, RIETHBBEAREEZAEE L CD, £431ICHAEIZBIT D
EHEDONAFT 4 —BNWT T v N ERT,

INHDT T NTIHERMD D WTAA L 8— (00l PAm), =2 =7/ (Coconut),
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K. (Soybean) . /~~ < (Ground nut) T~ (Sesame). LY (Sunflower), ¥
177 (Jaropha), & 9 ZF(Castor) O L7zMzFEHZ LA 4T 4 —F
Vil Z2fE L TV D,

#£431 AADARA AT 4 —BLWEETT o

ATV A JEUEE AEFERE S 2009 4ED -1
(L/n) FEPESEAE (L/IH)
1. Bangchak Petroleum Public Co. | UCO, CPO 50,000 2,967
Ltd.
2. Bio Energy Plus ST, RBDPO 100,000 -
3. Patum Vegetable Oil Co. Ltd. CPO, RBDPO 1,400,000 576,989
4. Green Power Corporation ST 200,000 90,203
5. Al Energy ST, CPO, RBDPO 250,000 41,173
6. Weera Suwan Co. Ltd. ST, RBDPO 200,000 11,185
7. Tha Oleochemica Co. Ltd CPO 685,000 307,000
8. New Biodiesel RBDPO 220,000 93,162
9. PureBiodiesd CPO, ST 300,000 111,787
10. Siam Gulf Petro Chemical ST 1,200,000 -
11. Bangchak Biofuel CPO, ST 300,000 -
12. Bio Energy Plus 2 ST, RBDPO 250,000 -
WAEFERE ) 5,155,800

5| %&£t : DEDE, Thailand (As of 2013)

%5 : UCO: Used Cooking Oil, CPO: Crude Palm Qil, ST: Stearin, RBDPO: Refined Bleached
Deodorized Palm Oil

http://gain.fas.usda.gov/Recent%20GA I N%20Publi cations/Biodiesel %620D emand%20and%20Supp!
y%200utlook Bangkok Thailand 5-26-2010.pdf

i, ZAEIIZ R OEET T bbb, BRFOAEPERETIT 5,155800L/H Th 5,
INHOTT Y MERAEL Lo THREL TS, O IL DOEB(Department of
Energy Business)’» & M 3R |Z) U, Fatty Acid Methyl Ester Biodiesel (B.E.2552)(2009) (2
WA LB TRtz o ian

5t DOEB D& E Aiii & L 72 A7 4 — /WA 7k - o8 L2356 1 AR
DL D> 100,000 23— (Baht) Aiii #1142 XL Z O )7 OFELAGTRE B D,

% A [EC Biodiesel Development and Promotion Strategy (2005) 73 B4t X du7= 44, F72
FEHIN—L M ThoT, RTHMNDE DT, ™A ZLT/rwJZJWEE%zL@J?Hk LT
UCO(Used Cooking Oil)(FERH) 2 L TV D D% 1 TH Lo/, A Eld iR
UCO DAikg 235 < 720 . BRBEENCIFEFE LTH L TW2RWZ L300 o T,

(@ TheBangkok Petroleum Public Co. Ltd

[Al#11% 50,000 L/ H DAEFERE 138 %y Z DT T v MMFsSy 22 7 THIH T 2007 412 H
¥ABMm LT,

JEEED UCO I FIECPE ¥t 7% 7> HUEE LT, Z O 12 Dfiigk Tl 13— 15 Baht/L
TUCO AL TWD, —F, —FEEEITFHM L T< 233412 UCO % 5—7 Baht/L 7
HIEWTED, BEEICLD L, UCO Dif&IItE~ EH L TEY, 20Baht/L TH 9
EFLWD, o T, BFEAEMEET R R oo, 2fTttamEE (CSR) &L
THELRIT TS

AT =7 N ﬁ X2 ODRIGEN o D03, FEBROERERITRESI D 25%LL T T
b5, BIAEMOT V'Y MBS OREH & L TIRFETE 5,

(b) The UBG-Buckthai Industry Co. Ltd, Bangkok
Fthidm K TR b T WD —2>TH D, ZORthIFIN =7 TUCO BV R AIZH
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HoTWD,

Z OEFEIE 30— 0 FDOEMEF O, EHNFEEE, FEEMBK TUCOZIUEL, 77
v MZRiBiATe, ZOSOA—F—I2 X D EFHELIHEDTZH ), UCO ix2 < ifED
RN HEDTH-T=DT, HEE, 5 13MERCUCO ZINETE 72, UL, &I T
MAERE L., 10—15Baht/L 1272 >7-. 2D F T N TIEfHEH 20 F > d UCO 23 A
TWb, ZOSFETIZUCO L, & LTENANRGE L T\ 5, il CldeE
ER GRS o7 (80% LA DR S#EHE T Th %), DR AILFEE D UCO A
BT, BFOEEREZHFRFL TV 5,

UCONRARELTNDT=D CPOMNAA AT 4 —B/UHOFEEHE LTHER STV 5,
A= SRR L TOBF IR @, OB H T 3L ¥ —IU i (net energy ratio)
(EHT=RNVFX— ATV FX—) BEL, PoEEaX MBMMERN-DTH D, il
ITRKE, N~vbEY, L9 TF, d<, OFEDLV, Y e 7 7y EOMMEREHI T 5 FE
HBEZHNTWD,

FANIR—= B DTV F =N T HITH 3.92 TRAKTH D, /-, 2aFViF_&H
WCAEERENE L, T RAF—IUKE 385 & K&V, K, B—FY, OFbvh%p
TR LFX—INTHITIFIER U H Y . 32—36, hrydvw, IO R /LX—IFK
Fid/h &<, 1.99—151 Th 5,

PLEDRIMMN S, Z A EHTEANA AT 0 —BlEEDFE E LT —2A oA
HEEL TS, RO N—AWAFEDON, Z A EHOFIAEIE 2006 2BV T 3.7% &
i, AERIIT L=V T NI, A RRXYT N2 THEA D I10ELLETH D,
HIINT 2 EBEITISEZ D70, RS TR Z 3HE L, 400,000 ~2 % —/L(ha) Dt
A& EIC, ALER R O EERIC R L7z,

[E] 5% \— 2\ BR%& 51 18] (National palm oil Development Plan (2008-2022)) |2 & % & 2012
FETIZIhaY 7= O/N—AMOEEEZBIIED 19 hrinn 22 F AT 2 & 3
— LMD EZBITED 17%0° 5 185%IZHIM S5 Z LA HIEIZ L TW5D, EEmIA
BT LD L= DD EERE T 72 0121%, #(2 800,000ha (571 (ra))
DTHIBMETH D,

T RILF—EHRET R F =R 2L X —F(F (The Department of Alternative
Energy Development and Efficiency) 12X % &, % EWNIZ 640,000 ha (4 &7 rai) & irk
HE (DAY vy, TAA, ¥ ~—) 25 160,000 ha(l [/ rai) & {4 2§ &
FfoT%, L L, ZOFHEMPEREEICKIETHEZKREE LU 5720, BREE
EEELIRNT A EOF A V3 — DEMRPERFHEZE LG E» S S T 5,

=& = (BRIIFEEEIVBENZ V) O5AE LR, BFEOT 4 —EL
W% B2 A AT 4 —B/VHICE E X D30 72 AFERE I ENIT 20,

APEMEICEA U, BUF T S — DB ENEZ 2.7 b o ralfE)N D 3.3 b UralfEic, v b
07 7 HOAEMEE 04 b U ralFE0 D 1.2 b ralFEICEE NS 55 E 2 > T D,
Y ha 7 2 A A ORAGICEICHER SN TWD, P e 7y DRIZITEFERHHT-
DESOPWENRL, KENFV, 7o, FiE21ICbEy, B2, Yhaerroxzx
X =L 374 EEVWO T, ZRX VX —Z R T DR E L@ L Tnd, L,
FEEHENIHERENDETICE>TWARWVWD T, Y e 7 yHkEOMOAERITE
T2IEENZ D7, T2, B A RREW=d, ERBEALTWRW, W7 U7
FEIINEEZ NS T8 HE LTS, TO—ERE LT, BURIMESRE LCTr b
H??%ﬁ%b\@%%N4i?4w€w%®ﬁﬂ&LT%%#%&%%&%LTw
%0,

7)  Suksri P, Moriizumi Y, Hondo H, and Wake Y (2008) An Introduction of Biodiesel to Thai
Economy- Community Biodiesel and Oil Palm Biodiesel Complex
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122 A FF ¢ —B BRI EER
2 AFINATT 4 —BAMOFEH., FEEHEY O EFEZRES 5 B x 70 BUR & B
ZEALTWD, BEIIRO@ED,

« NA T 4 =B~ D BT ORI

TRAF—E (MOE) ., REMITROEERFMASITIA A VN — LA PERFE~FKEE
4L LT 70fEBaht (2% 4 57 USD) D& A Yl L7z, £nLSMC 124 Baht (34
B USD) ZREERBLD A AT ¢ — B LHBLEREE S L L TR X—4 (MOE)
DERIE LT,

- WFZEBH %8

T RLF—EKEE S (the Energy Policy Planning Office) 12k % &, MOE [Zfh o4
B TV A NS RBUEIN DA AT 4 — B IO RS 21T O HHE 2 F - T\ 5,
WFFED EREE “WEW iR X OBHIE 2D DA 45 4 — B MO ERE & i FTE OB
507, Mg ERAAL FT 4 — Bl my N T T FORREERET HTHD,
FIZ, MOE IZF = v~ A THAA FF 4 — B MAEFE L HETOIEHOMIZE 4 K48 L
TWo, ZONA AT 4 —BMAEEDIRET 0y =7 MIT V7 THD TORITH
%,

- Wl BTN A 4T 0 — LD A pE

FEER DA FT 4 —BNIMDOBAFE N X A OHUE S THD 5TV 5, 2006 4,
2 A EBUFIX 1 Baht (280 7 USD) O PRAEEA L, 72 sz x5, Hlggg A5
NAFT 4 —BVIMAEEHEZ D EiF 72, OO BT AME) S L
7oA FF 4 — B E W OFT ¢ — B AL LT AHIC L Y kS o
FTHEROT I LEZBER LTV, Zo7Fad=y hot 5 —o0 BIEFEToN
AFT 4 — BG4 L Tk Z B S, xRS CTA N AR
FTIEThHolz, HIT, ZOERICITHBEER A 4T ¢ — B mEliE &R &2 7%
ZTHEHMLH T,

B CIT HE O 2008 400 fE AT IS AR LB 1 1% 5500 /7 Baht (430 5 USD)
T, HOPEREE L TS THN=,

< = KO

2008 4E 1 H . BEAEHMMOSA 45 4 —B IV O/ — AN R & 5 HREIC
7polz, ZD1=H, MOEIXMEEE (MOC) 1Zxf L, FIFMIIZ/S— Al O A & % B0
T K9 BEES Lo, M — 2l o N IREHTE 115 (Fuel TradeAct (2000)) (280 kL
<HIRE TS, HAZE SRS (World Trade Organization) (285 &, # A EHid/—
Lot AR U CKBARIEESETH b,

- RO FRAT

NAFF 4 —BVMOE ], BB ERM AL FF 4 —B AT ey =7 MIfax D
AT 4T BIZITBUFEEN AR Y —L o TTLE, V4 2BLTCELEINT
W5,

2. A FT 4 —ENMEEORE

A A T LD LHBOR, FHl, B ZRENE LA 4T 0 — B4R - FIIH
ERELES ELTWD, DF 0, BRG], i, EMAENTRIN, &
DORPERPBATE D &I, FREOMBUEY & 2 WITIEMEARI B3 4T ¢ —F
JVIHOARE, JHEIZE L TIThi T\,

KHUBAH SN TIHE T 5 =RV X — [ THUN TAET RETH DL LWV I E X FHITHE
D&, MIEEERAAL AT 4 —BENVMAEEDO M Ty N T PRERE SN TV S,
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UL, ZAETIIANA AT 4 —BVMOAFE, FRIOBRICH 50 LoORR &%)
DB THD, DFV ., AT 4 —BVHTTG~OEH & JFEHE R ISR 230500 5
HIABTH D,
PLFEAA AT 0 —BHEE, AP, FIHE TOBROENTH D,
ﬁf.ﬁf%@éhfwéﬁﬂ4ﬁ?4—€wﬁ(mm)ifim%$2ﬂlﬁi
WCHESHETHTZRE L~V T B2 2 HiET HICIXERETH D, (NEB/S—2A4
rmmﬂmh/®MA%ﬁTLt bbb od)
- 2006 F7> 5 2008 AEDIZ S X 7= MOE @ [fiECiE, T 2mid, Huskin i o1 4
T4 —BMOBE I HE SNz, £, ZOHBKITIRBICEL VARSI TV
c BUMII A AT 0 —B Lo, APE, FHICE L, TRoOMESNHS Z & %nﬁd
L TWB,
> M — AR B
> NAFT 4 —BIVHDEFEIZRLE D B S — A AR 2
> NAFT 4 —BIVMAEFERFO JFRMER O AR —
IO, FABIFIET RV —BOR &R OHR T, A 4T ¢ —EMERE
(B DR A RS 5720 . RORREHEE L T D,
NAFT 4 — BT A K ECR A YT 5 8B THME LB 2T, 5%
X FEITT D0 :
> MOE X MOC, MOA &t #fflj L SA AT ¢ —EB O EFEIC B2 FEND
JEESCEHA N = XL EHSLT D,
>  MOE |32 3601 70 3 W [ A & LR C R — A D A FENL R A (R
LI, BEFRA~ORE ZIES 5,
> MOE 1I/\A A7 4 — B/l OMWE ZRGET 5720, kLW EE R EZ
BE L. IRFEANCMERBRZ1T 5,
NAFT 0 — BV ORI I 2. WFERR%E. FERE, RO ZERb~DH 72 5
BEPMLETH D,

3. HiepE B ATREM: -EFB #E1 JH-
31 EFB#EYHEIX

z2 5 (Empty Fruit Bunch, EFB)

EFB #£ 0 il & 1L, EFB OX LiHEE ICd 255 maz i L= b0 T, FFB A HD
HEME T, KEE 2~3%FRED EFB #EV AN TE 5, CPO &L EFB #V & T
1 -5 Fruit Bunch 2> 5B T & 2 8%, CPO:EFB k 10:1 DEIG L W5, A B h
NI% O 31X, FBE, IERHCER s S,

B DIy %8 AU TR TE ODEFBFZWEB%_) ‘Sludge Qil” & 5L, Z @ Sludge Oil 1%, 7k
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. R, UV UIRE, TLAEEZL EATHDI), mOoy B iy 2 B Hd
VEND D, B0 H L7zl %Z“Decanted Qil” & RS, N— LGk E L THARAT X
=23 % Southern Palm (1978) CO., LTD (ZiX4% H 900 k > ™ FFB »%&(X41, 30 h /A
@ Decanted Oil 23APE LTV 5, I Z CAPE X IL7- Decanted Oil ©%< 1%, BifE~ L
— Tl L, TEMAAm SICERILTWA,

<BE>EFB D BT 5 A RS

%20134-12 H 6 H A7 # =& The Southern Palm (1978) Co., Ltd.5/]

(IN—=D A A NLE TR OMER

%2014 F5H 14 H  F = 7 v 22 K422 C The Southern PaAim(1978) Co., Ltd. Thanarak
RS s (EFB#EVMICET 200 ToORE

%20144E7H7H F 2w 3 K%|2T The Southern Palm(1978) Co., Ltd. Thanarak
fHEG EHE (EFB# Y MOBEZNFIHORE)

*20144F9 H 5 H A Z % =If The Southern Palm (1978) Co., Ltd.7/ [

(EFB # 0 IHORIKE TRE MRS

%2014 412 H 3 H A % =& The Southern Palm (1978) Co., Ltd.5/

(EFB # 0 1> LCA 7 — X IIU4E)

%2015 1 H 21 H #Z7 U4 A ~ZT The Southern Palm (1978) Co., Ltd. & 5%
(EFB#EV MDA 1y N 7T MiEE)

% 201542 H 26 H T =7 12 a2 K2 T The Southern Palm(1978) Co., Ltd. Thanarak
HEDG L (EFB #Y D LCA s, FHEY 7 o MMbEORMET)

32 HIiBD JFEE LToEFB#V i

AWFZEDJFEFE LT, MUNIEICERMAZIE L TV, 2 E TORAR R
b, FAZBITLEERMORENHENPRETHL Z L, o, RFHEIZZLN L
B BMNE oz, H/NEEZBL TNl TOWNEL— FRHLHEREH R EN-
TWDZ E TR L T2y, AEICE Y, ENEIRICED Y AT ARJRN - T
HZENHBILT,

—Ji, ZA TENR—LBREEINDICONEEDO EFB 23 e &, 2 545 b Uik
HhHESHOH TS, 60%E B2 5K OHERGE., RFOLEN. RA 55—
DOHY AR, B, @k A M EREE 2D | EFB 25 L2 BEFEORK
FHEHEWE &, 1EEAEFEDFIH ST, EFBIZE £ 5l (Sludge Oil)
1L, N—ABRD 05%IZ D720, ZOFAFRES VX —ORNRAZF A E
T T3,

ZO XD IR AEEEE 2 AFIEDFEHZ X— 2 Sludge Oil <0, 33 057 HfE L CTAMI)
Z BV BV Decanted Oil 2 1 2., HiBD ji1 % S U TR T3 2 it 2 [E 7=, i
Bt EFB 13/ 3— MO TG TREICHEH SINA T2, HOTOTIUET AT L%
WS D MBI, £T0, A OBUFERES~H Zha % HIBD #& O @At %
Yol i, TRAF—BERIZD ANTH L2 L 9@BENTEIT-o>TN5, 51k,
B D 8 — S S & B I C R B S ATREMEDN B B

4. 4 FRAFT 4 —EBILERRIED LCA il (AARTERET L—T)
(L)AIFFE St N2 B OV SR
(DEFB # v 1

EFB # D HIZ W T, 2014 4 12 A 3 HIZEHR L 7= NaturaOne £t (Southern Palm Oil @

TN—TF2) 7T NRSELRE T e 20O A2, 1. FO®%REOHR
WMENDLVTANT VA TR)VF—{HE, Mo X MIBET &R R OT — 4% Ot a5
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FLEFB #ED HICB L TRt SN T — X & H EICLCA LAR— MZHE#ET 5 & & HIZ.LCA
& T A METITR LT,

W, EFB #EDOFEITH D AT v PIMITKEDOKEZ G e, FEKE LTl b
SN DD, @R LR R A R TR ST %, — 77 HIBD DJ5UEHH & 72 % Decanted Oil
X, ZORAT v VIR LT A Rm OBl IT O 72 RN E LCTHEAT S Z b
NTE, BEMFHE A FOWHEICEBWCY —XFT TNV THDH I EEMRLTWVD,

@HiBD ® LCA

FIET T U FOEBRBICESX, xR E, [LAEEER R, GHG gEHED T
ATHAINA UMY (LQY) GirEFEm LT, £/, AT 7> FOBESREE 34
oy N 7T hOTEEE S (3,000kWh/e-0il) D 1,3 ¢ LT LClI H#r& 3 LT,

JFEH OFHER IR LT, EEHMOKK Y nt 2 @O mEERoRE 7 222 CPO
FESE~O eV U U IRE LT — X IERE Z1TV LCI HrIc KB LT,

HiBD A ERIC 34T 2 RIAE T ZAOFRFIFIZHOWT b, BB & 5B 0 A REM: % 24
BhaR - FERRE A ERE LT LCI ATk Lz,

# 441 HiBD @ LCl HHrfs &

EITSUL | RISV | RISV | RISV | RISV

SIEIE R E vield 69.3% yield 50% vield 70% vield 75% vield 80%

(Result) (Bad) (Average) (Better) (Best)

IRILX—HES BEERH 1.516 0.668 0.479 0.447 0.419
(GJ/GJ-HiBD) $H/ 8 —LH 2.007 1.348 0.964 0.900 0.844
RIS BER | 1.459 0.590 0.423 0.395 0.370
— % 1.757 1.002 0.717 0.669 0.628
LEERHEEE BEERH 1.478 0.652 0.467 0.436 0.409
(GJ/GJ-HiBD) R/ 8— L 1.793 1.088 0.779 0.727 0.682
RIS B |ERE 1.422 0.574 0.411 0.384 0.360
— % 1.719 0.986 0.705 0.658 0.618
GHGHEEH & FEBRm 0.101 0.053 0.038 0.035 0.033
(t-CO2e/GJ-HIBD)  [$H/8—LH 0.116 0.073 0.052 0.049 0.046
BB |3EEE 0.089 0.036 0.026 0.024 0.023
—h% 0.111 0.066 0.047 0.044 0.041
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1.000

0.750

0.500

0.250 A

0.000

TR &

(GJ/GJ-HiBD)

0.964

e E I

(GJ/GJ-HiBD)

O Y- IR R

1.000
BEELE 0.750 - BEENLE
O ) - 3B R W%
0.479
0.423 —— BEFLHEZ 0.500 0.467 0411 —— WRBHEZE
fr— OHiBDZAER f— OHiBDFAEX
DEIRHE 0.250 DEIR#ME
mmERE o hERE
0.000
BEERMA FH/X—Lh SEIDSTEEH BERRH #H/8— L R B
(cpPO) (Decanted oil) et (cpPO) (Decanted oil)
(t-CO2e/GJ-HiBD)
0.075
0.052
> B RS
0.050 .
0038 e O - MIER SR
r— B AR
0.026 DHiBDFOHER
002> DEIRHS
II B HEE

(B~ 7 > MR 7T0%, JEHREED© HIBD il £ )
441 HiBDIGIHET ABEO = 2 X —iHEE, LA &EFIEE &, GHG JEH &

@il « FAME & 0 Frifi
HiBD @ LCI /p#ifER% eis, = xvX—HE &, (LAEEREE. GHG HEH&EIZ>W»
THEEIH M O FAME & O A 4TV ) BIMIC k9% HIBD & FAME O =3 /L¥—Hlj&E, b
HEPREEE, GHG HIlEE 2 FH Lz,
HiBD & FAME O&HIBEIRIZZIUT ERE REVR 2N E R bho T,
HiBD Z331F 283 2 A AR RIEL, BER MMM E CPO TIIBER HM D& HITBENH
DFMRKEL, EHICEOTEEHO T NRRKE U,

BERAMm H/S— L

(cpPo)

- 34 -

=05 Bt i
(Decanted oil)



> S AIN = =N VRV M1 [YeE B
TRV F— R b B IR =
(6)/6) (G)/6))
1.000 1.000
0.730
| 0.721 0702 0750 L 0713
0.750 0.646 T o6 0.658 — 0.645
0.500 0,500 0452
0346 ] 0.368
0.289 — ]
0.250 0.160 0.193 0.250
0.000 . . . |:| |:| 0,000 . .
HiBD FAME FAME HiBD FAME FAME HiBD HiBD FAME FAME HiBD FAME FAME HiBD
(BF-IRE70%)  (NaOHARSE) (KOHRRSE)  (BiFA-ARZE70%)  (NaOHAhHE) (KOHARER) (A -URZE70%) (B E70%)  (NaOHA#LK) (KoHf#s%) (AR IRE70%)  (NaOHARLE) (KoHgEsg) (7R~ URE70%)
BeA i P B BRRHE 0 BLARR
NATNS =N
GHG Hiljs &
(t-C02e/G))
0.075
0.055
0.050
0.048
0050 =043
0.037 0.035
0.028
0.025 -
0.000
HiBD FAME FAME HiBD FAME FAME HiBD
(BEFA-URE70%)  (NaOHfhLE) (koHfgs%)  (BMA-UNE70%)  (NaOHfihIE) (KoHAESE) (A~ UNET70%)
\ J \ J
' ' »~ prTpe
R cPO RO

(P77 > PR 70%, JFUEHRZE)> & HIBD #& £ )
442 BRHICET 5 HIBD « FAME O %L ¥ —HilRE:. (La GBS RS . GHG Y5

@= 2 b oyHr

JFUBHMALEERE /) 10,0000/4, 4EfH 300 HB#), ZE 3B AL E LI AEE S L2, /-
IXNEFEBRE LT HBD ARAAABETHVELTHE L EZ A, EEHEIT 125~
20.0THB/(-HiBD & 72> 7-,

EEEZ GO HIBD O A ME, BEEMAMZEE & L7242 HIBD10H 7=V 35.0~
56.0THB, CPO | 41.2~66.0THB, =070 BfiIE 20.9~334THB & ) HERFE R 2157,

I O/ N FeAfif 1T 30THB/L, FAME & —f%1Z1% 30THB/L T 0 | im Loy Bl 2 5ok &
L7280, BERAMSL CPO 25 T2 L0 b a A NEMZ DI ENTE, HIBD ® b
— &L A N 30THB/L LA Iz 5 2 ENAEETH 0 | IS FAME & OBi4 152155

nNoZ ENbnol,
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70THB = 66.0
x
60THB ~ —o 56.0 |
¥ ;
50THB ~ —o E :
412 |
40THB = : o
350 334
30THE —— — — I ———— o - 300 EEmiEH
209
20THB 200 . _
EEEDIE
12,5
10THB =i
REAH CcPO EIDS B R

(kS 7= HIBD Ot = A F & 5Tp)
443 HIiBD =2 A MMEHTHEF & B AR

®CDM &t

HIiBD Gz.LoorBEm. pH~ 7 > MILEE 70%) @ GHG HEH &% 0.0258t-CO2e/GJ, /A A
T4 — BN KR T% (88 93%, FAME %% 7%) (281F 5 GHG HEH &I1X 0.0769t-CO26/GJ
ThHbHZ &5, HIBD @ GHG HjE#I 0.0510 t-CO2e/G) T 5, GHG MR D 5E4E %
1U-CO2e H7-0 1500 & Lizr—AR & RHb b, mOmEm a2 e L2568 ORI Te 44
I 145 (10,000 k> 4LER) G 1843 S HICFIYS T 5,

(QWFFERR DA B IR S DN H

RTINS 5 23— (Fresh Fruit Bunch) 12487 T 5 by (2013 [H FEEA AR
BEERSEA FAO) ThV . ZA1L 5%, v~ L —37 36%. 1 KX 7 45%, A5 T 86%
ZHOTND, XA OHEMFEEENOOE YU 728X, Empty Fruit Bunch (EFB)
PEO MO EEE 22 25807 (AT > V) X FFB @ 05%(FEL, ZD AT v VO R
BT DEAEREIZ 135 5 b icDiE 5,
270,000,000 k> X0.005=1,350,000 k>

EFB #E0 X, ZDORT v Vil HHEAREOHUEIC L > THLIZ LN TE, TOE
I3H 130 5 kv RaATe Z LR TE S, HIBD DILEA 70% & i, EFB #0515 5
U5 HIBD 1A TRI 90 7 it/ b,

1,300,000 h > X 0.7=910,000 h >~ 900,000 k>

TR O HHRPRLTE 2 7254, EFB #0226 HIBD (F#&E 42.1MJkg) 3800 /7 GJ
BEETDHZ ENAREE 2D,
900,000 b X 42.1GJ k> =37,890,000GJ*= 38,000,000GJ

Z 3800 5 GJ D HIiBD 1%, #H (FEEVE 37.7MJIL) O 100 Hx 1 U v hLIZHHY 9
HETHY, A 2LTIZZD I HDO 5% TH 5 50,000kL 75FH4+ 5B TH S,
38,000,000GJ-+38.2GJKL =1,007,958kL = 1,000,000kL

F7-. LCAIZ L > THELI- HIBD OBIHIZT % GHG HIlj & 0.055t-CO2e/GIHIBD %
FAWTE ST E T % &, 3800 17 GI D HiBD 4FEIZ L % GHG HiljE &I 210 /7 t-CO2
L7 b, A RTEBELZSEAD GHG HIE &L 11 57 t-CO2 ThH 5,

38,000,000GJ X 0.055t-CO2e= 2,090,000t-CO2e= 2,100,000t-CO2e

Z 9 L7z HIBD AFEIC X D EBEA 72 B OIE ) b MR 72 s B 6 A D 5, EFB % i
EALERE A E L 72 G B T A D R T DIRFE CTA X VN ET D, A X UIE

- 36 -



HERIERE(LAR 2 (GWP:Globa Warming Potential) 7% CO2 @ 25 fi% (IPCC-AR4,2007) T&
%o FFB MBAERIND/R—AMIT 2FIRETH L0, HHRIZEHIT 5 EFB O34 &L
FEMTH2E N B ED, B LK 2ME oD EFB DN RE SN SE 1T KED A Z 0
HAETHZ LI T, BRI ~OEERRENZ LIRS BT HZ LN TE
%, EFB ZEETITM OO FIETHDFIHT D Z LI1EA 7 B AEOMIEIZ S35
e, EFB ZAMFMAL THELNAHEY MAEFEEE LT HIBD 28i&E4 25 2 &1,
EFB 2 b RIS d A Z 2l 5 & ) MR R b IR TE 2,

4. 5 FagurarRKpEprsIL—7
(V)FF7E S0t PN 2 e OV S
DA vy h7T v b OERRRI
Uy 7 ADER, 2 —F% 7 REMREHEEORES, Mo, ®iho
BFRCEE OB CEOMENE ELTZ, Lo, M ey 770 FOWE - &
EEITUVNH26 4 12 H LARE 70 /v & D32 A il ClEdR rTRE 7RI & 72 > T 5 BRI,
A 34 CHEBEOMES - ST, HNE 34 THRFEEEZITo TV D, BRAKOK
RITEE LV, FEEOME: EoMitg, MR SEIIZ A TTE5LLTED,
FEEEA 7Y 2 —B#EOEH S B0 70 b TtV EIRA T Wb, £o, XUFT
F b (30/experiment(3~4 FFRIFEET)) 1B W TIE, 34 DELFAENH LA g L
TR, BEIX220FENRCF 7T "L CERTTH S,

Qoo T AR
FRETOI RFRE TV TOREREME HW - HIBD O7 A M &7V, fER%H
LTW5, SLIZFEERRICBEAS D E L TWAERICH D, EFB OFEE N TORER
WABBE S5, H26 4 12 H X v 500 Bfildist D B 20T 2 b & ETT
A NEITVD, 2 A F T TR COFENE T THTPE, TPV T A MIE, 7
L DFENEE I > TN D,

@ Al 2 F— DB
H27 51 H 21 BIZH A [T D& 2 F—03 B S, = 1)L —E OB B 445
BEENSKIOLNSBIN L, 7+—2 VT M, 927 v 7 N7 v 7 OFEELE
iz,

OWFTERER DT
HiBD B 6 ., —> V7 A M 52 THRE L7, R thATRANS
SYMPOSIUM: Young Researcher’'s  Forum Cid, Best Paper Award #52E L T\ 5,

O45 %D RaEL

FEH{LIZES L T, The Southern Paim(1979)#E2s H #t0> EFB 7 i1 & Fiv 7= HIiBD filid
ICHR AR LTS, A% KEE~D/ M 0y N 7T hockiE, FrRfroRfiEze &
DR S AT, FFHIZHIBD # £ T HEHE LT R v 7  BEIEHT 5
A ZADOEEES (V) 125V 30 ho / BROPEHT 7 FEERTLHZ &N
BEtEhTnbd, £z, Fa=IrrarRK¥EEFLE LT 200060000 Hfko3E
RET T N ERFEEERT LI ENHEBEI SN TS, ZAANTHITTTAFETESL N
n~A MY O TE 2V BRET L T s,

Activity Report Year 2014
Development of New Biodiesel Production in Thailand
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The main activity of this research cooperation between Kitakyushu University and Chulalongkorn
University during fiscal year 2014 was 5 main parts as follow,

- Training in Kitakyushu University

- Preliminary operation on pilot plant at Saraburi campus, Chulaongkorn University

- Production of HiBD at 1200 L using pilot pyrolyzer of Chulalongkorn University

- Experiments batch and bench scale of used cooking oil and waste oil from palm empty fruit bunch
- Cl Engine fuel with HiBD fuel

1) Training during 3 months of Dr. Jumluck Srinagruang and Mr. Wittawat Ratanathavorn on
Course Title: Study on base and application for catalytic technology and establishment of
high efficient processin order to produce new biodiesel.

Dr. Jumluck Srinagruang reported in her training that the hybrid catalyst expressed the
high activity and high hydrocarbon distribution of LPG (C3+C,) nearly 90 % by weight for
al synthesis gas composition even at high CO, content in the synthesis gas. In addition,
DME was found only in the initial stage and become O for long time operation. However,
the catalyst activity decreased with time on stream after 14 hours operation. It is interesting
phenomena that the activity for this hybrid catalyst was not only for CO conversion but also
for CO, conversion. The suggestion for this experiment should be done for each gas
composition in order to investigate the activity of the hybrid catalyst.

Effect of H2/CO+CO2(b1-b3,d1-d3)on the reaction of
LPG Synthesis 280 C, W/F:20 g.h/mol

| & e |
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=
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o
w

. 5 =
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Time on stream (hour)

Mr. Wittawat Ratanathavorn reported in his training that the waste cooking oil cracking
over MgO-SiO, and MgO-C catalyst were studied. The carbon oxide yield of waste cooking
oil over MgO-C was higher than MgO-SiO,. It shows that the activated carbon supported
promote the CO, formation of the reaction. Raw product was slightly colored oil, whose
main component was hydrocarbons (>99 wt%), gaseous product which contain C;-C,4
hydrocarbon and carbon oxides. The yield of hydrocarbon product was around 71.4%.
Residue was higher boiling products or coke which didn't come out of the reaction vessel
(about 6.8 wt%). Another characteristic feature of the product was that the carbon number
of the hydrocarbons distributed widely Cs-Cys. The acid value and iodine value of the
product from MgO-SiO,were 1.2 mg KOH/g and 90 g 1/100g, respectively.
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Figure Carbon oxide yield of waste cooking oil on @) MgO-SiO, and b) MgO-C

2) Preliminary operation and modification of 200 liters/d

pilot plant.

Preliminary operation of pilot plant of used cooking oil pyrolysis on MgO and activated
carbon was carried out during 2 months. It found some wax as product, which is normally
not in the ail product. After verification by group researchers we modify by put some part in
order to recycle wax to the rector. The full operation will be started again in May, 2014, for

3 months.
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Flow chart of 15t run

Feed rate
Gas
9.27 kg/hr, 6.8 hr 14.81 kg
Total 63.02 kg 23.5%
e Reactor
Temp. =430C
Catalyst MgOyactivated carbon
Qil. Qil. Qil.
17.85 kg 20.24 kg 10.12 kg
28.3% 32.2% 16.1%
\ J
|
Total Oil.
48.21 kg (76.4%) 71
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3) Production of HiBD at 1200 liter from used cooking oil by pilot pyrolyzer (waster plastic
pyrolyzer) of Chulalongkorn University
Beside the HiBD reactor designed by Kitakyshu University, Chulalongkorn University
also has a similar reactor “Pyrolyzer for production of diesel from waste plastic” with the
production rate of 1200 L/day. The pyrolyzer was applied for HiBD production at 1200 L
(mixed oil), and will be distilled in the distillation column for high purity diesel.

Pyrolysis plant

Biomass pyrolysis

4) Experiments batch and bench scale of used cooking oil and waste oil from palm empty fruit
bunch on calcined dolomite were studied by 3 topics and presented in *Petrochemical and
materials conference 2014”

4.1 EFFECTS OF DOLOMITE CALCINATION ON USED COOKING OIL
PYROLYSIS
Thiswork tries to use dolomite to replace pure MgO, which give high conversion
used cooking oil to diesel fraction. Used cooking oil is one of the attractive
renewable resource and widely available feedstock. Pyrolysis of used cooking oil is
an dternative method to produce renewable and friendly environmental fuel. The
aim of this work was to study the catalytic activity of calcined dolomite on used
cooking oil pyrolysis. The effect of calcination temperature (700-1000°C) and
heating time (2 and 3 hours) on the yield and composition of pyrolytic oil were
investigated. The results showed that the maximum liquid yield was obtained with
the dolomite calcined at 700°C for 3 hours. The calcined dolomite as a catalyst gave
apyrolytic oil product with lower acid number in comparison with thermal cracking
(non-catalyst) at the same condition. Gas Chromatograph-Mass Spectrometry
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analysis provided the evidence that the absence of acid compound in pyrolytic ail
product resulted from the effect of dolomite catalyst.

INTRODUCTION

Interest in renewable resource has increased due to rising in fuel price, growing
demand for petroleum consumption and environmental concern over the
combustion of fossil fuel. Used cooking oil is one of the attractive renewable
resource and widely available feedstock since the large amount of used cooking oil
disposal annually and not diverts food supply chain. Pyrolysis of used cooking oil is
an aternative method to produce renewable and friendly environmental fuel. Niken
and co-worker (2011) studied the catalytic cracking of waste cooking palm oil to
biofuel over nanocrystalline zeolite catalyst. It was found that the optimum
conversion of waste cooking palm oil varied in the range of 87.5-92.29 wt% with
33.61-37.05%wt yield of gasoline fraction at the reaction temperature of 455-463°C.
Thermal cracking promotes the conversion of waste cooking oil into a biofuel
which is similar to gasoline (light-naphtha) but the product obtained has a high acid
value effect on corrosion(V.R.Wiggers et a.,2013). Xu Junming and co-worker
(2010) found that a basic catalyst gave a product with relatively low acid number.
Compared with an Al,O; catalyst which one of the cracking catalyst used in
pyrolysis reaction, the acid number of the pyrolytic product decreased from 104.5 to
36.9 mg KOH/g using K,COs as the basic catalyst. After that in 2011, Tani and
co-worker found that MgO supported catalyst promoted the di-carboxylation of
triglyceride or free fatty acid. The product showed lower acid value and iodine
value which was successfully used for diesel engine. Dolomite, CaMg(CQOs), is a
carbonate mineral which mixture of calcium carbonate(CaCOs) and magnesium
carbonate (MgCOs). The dolomite decomposition by calcination produces the
mixture of CaO and MgO. It can be used as a heterogeneous catalyst in biodiesel
production (Oguzhan, 2011), catalyst for tar decomposition of biomass pyrolysis
(Carin Myren et al.,2002) and use to water treatment and borate sorption (Keiko
Sasaki et a.,2013). In this work, effect of calcination temperature and heating time
were investigated over the yield and composition of pyrolytic oil. The aim of this
work was to optimize calcination conditions to maximum oil yield.

EXPERIMENTAL

Catalyst preparation: The dolomite specimen was purchased from
Kanchanaburi, Thailand. Thermal decomposition of specimen was analyzed by
Netzsch 409 simultaneous thermal analyzer and the elemental analysis was
performed by Bruker axs S4 PIONEER X-ray fluorescence spectrometer. The
specimen was calcined in air a 700, 800, 900 and 1000°C for 2 and 3 hours.
Calcined dolomites were store in desiccator prior to use.

Catalyst characterization: X-ray diffraction (XRD) was used to verify the
composition of catalyst by Bruker D8-Discover X-ray Diffractometer using Cu Ka
radiation. Surface morphology of catalysts was performed by JEOL JSM-6400
Scanning Electron Microscope (SEM).

Catalytic activity: Pyrolysis of used cooking oil experiments were carried out in
a 70 ml batch reactor at 450 °C for 40 minutesin 1 bar of hydrogen pressure with
20 g of used cooking oil and 1 g of calcined dolomite. After that the reactor was
cooled down to 30°C. The solid products were separated by vacuum filtration.
Liquid products were analyzed by gas chromatography technique. The acid value of
pyrolytic oil was measured by potentiometric titration according to ASTM D664.

RESULTS AND DISCUSSION
Properties of dolomite and calcined products
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Dolomite used in present study is composed of 48.7% Ca0, 12.08% MgO, 0.303
SiO,, 0.192% Al,O3 and CO, balance. The therma decomposition of dolomite is
shown in Fig.1. The dolomite specimen shows 46.51 wt.%loss around 650-875 °C.
The DTG curve represents the thermal decomposition of dolomite structure in two
steps. According to prior studied, dolomite decomposed in air in two steps, as
follows:

TG % DTG /(%/min) .
First peak:

100; e T 2 s 0

CaMg(COs3), —»CaCO3+MgO+CO,
5 Second peak:

| Ca0s —»  Cad+COp

701 (1] Dolomite.ngb-ds3
TG
016

60 ‘ \ 4

1
-5

100 200 30 400 500 600 700 800 900
Temperature /°C

Fig.1. The therma decomposition of dolomite.

1000°C for 3 hr
. : 1000°C for 2 hr
. . 900°C for 3 hr
o . 900°C for 2 hr
. . ¢ . 800°C for 3 hr
o | 1 800°C for 2 hr
: . *
.
700°C for 3 hr
* PR AR
A4 700°C for 2 hr
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Dolomite
-~ b4 b

Fig.2. XRD patterns of dolomite and its calcined products at 700-1000°C for 2-3
hoursin air. Symbols. l CaMg(CO3),, ¢ CaCOs, 4 MgO, ® Ca0

Fig.2 shows the XRD patterns of dolomite and its calcined products. The
dolomite showed peaks assigned to CaMg(COs), and CaCOs. Calcination at 700°C
is leaded to transformation of dolomite into CaCOs; and MgO, the structure of
dolomite is slightly changed the appearance of peak of low intensity of MgO and
the peak of CaCO; till increasing moreover the peak intensities of CaCOj;
increased relatively with increase in calcination time, the corresponding was shown
in the first peak of DTG curve. Calcined product at 800°C for 2 hours composes of
Ca0 and MgO with small amount of CaCO3; when increases the calcination time to
3 hours disappearance the peak assigned to CaCO;. Calcination of dolomite at
800°C, CaCO3; decomposes as shown in the second peak of DTG curve. Dolomite
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calcined at 900°C complete decomposition, its constituted of MgO and CaO , the
resultsrelated to TG and DTG curvein Fig.1.

Fig.3 SEM images of (a)dolomite and calcined products in air at (b)700°C, (c)
800°C, (d) 900°C and (€) 1000°C
Cdlcination at high temperature changed the surface morphology of dolomite.

Catalytic activities
Table 1 Product yield and product distribution over all calcined dolomite catalysts

Product yield Product distribution

Catalyst

Liquid Gas Solid Naphtha  Kerosene  Diesel .
Long residue

700-3 57.17 39.08 3.75 46.80 21.65 28.95 2.60
800-3 46.77 44.19 9.04 38.85 23.05 33.65 4.45
900-3 55.65 35.71 8.65 43.95 22.10 30.65 3.30
1000-3 50.77 39.29 9.94 42.90 22.20 31.40 3.50
700-2 53.19 41.86 4.95 48.60 21.10 27.35 2.95
800-2 48.73 42.85 8.42 43.20 22.45 30.95 3.40
900-2 50.62 40.88 8.50 45.80 21.75 30.10 235
1000-2 50.14 43.06 6.80 41.75 22.80 31.95 3.50

Remark: 700-3 isacalcined product at 700°C for 3 hours.
Table.l illustrates the product yield, product distribution of used cooking oil
pyrolysis.

Using 700-3 Catalyst achieved the maximum liquid yield and calcined
dolomite at 700°C obtained the highest naphtha fraction. The results exhibit that
calcined dolomite at 700°C promoted cracking ability to crack long chain into short
chain hydrocarbon. Calcined dolomite at 800, 900 and 1000°C gave higher fraction
in diesal. This phenomehon suggests that the high amount in MgO and CaO is
composed in this catalysts promote the decarboxylation of triglyceride and free fatty
acid.

Table 2. Product yields and product properties of therma and catalytic used
cooking oil pyrolysis.

Product yield Product distribution Acid number
Catalyst
Liquid Gas Solid Naphtha Kerosene Diesdl Long residue (mg KOH/g)
no 76.29 21.64 207 46.63 18.85 31.80 273 49.57
700-3 57.17 39.08 3.75 46.80 21.65 28.95 2.60 1.64
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Table.2 illustrates the product yield, product distribution and acid number of
used cooking oil pyrolysis using calcined dolomite catalyst as compared to
non-catalyst (thermal cracking). Using 5%wt 700-3 catalyst, the gas yield increased
while the liquid yield decreased due to heavy molecules cracking into lighter
molecules. The decreased in kerosene, diesel and long residue and increased in
naphtha resulted from cracking ability. In term of acid number 700-3 catalyst
gave a product with low acid number. Compared with thermal cracking, the acid
number decreased from 49.57 to 1.64 mg KOH/g.

(€Y
n-Hexadecanoic acid

/

(b)

2-Heptadecanone

Fig.4 GC-MS Chromatogram of used cooking oil pyrolysis (a) without catalyst
and (b) with calcined dolomite

Gas Chromatograph-Mass Spectrometry analysis was used to identify pyrolysis
product. Theyield of carboxylic was absence when calcined dolomite was used.

CONCLUSION

The effects of dolomite calcination on the quantity and quality of pyrolytic oils
were investigated. The results show that the calcination dolomite at 700°C for 3
hours can preserve the valuable pyrolytic oil, which high naphtha in maximum oil
fraction. Moreover, calcined dolomite on this condition has lower acid number than
without catalyst.
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4.2 CONTINUOUS PYROLY SIS OF CRUDE PALM OIL TO LIQUID FUELS ON
DOLOMITE CATALYST
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After using dolomite to replace MgO being operated in batch, this work tries to
operate in continuous. It found the optimum operating condition and good property
of oil product. Pyrolysis of crude palm oil was taken place through de-carboxylation
reaction to become liquid fuels which can be used as transportation fuels. In this
study was interested in 4 parameters of pyrolysis condition such as reaction
temperature, oil feed rate, N, flow rate and amount of catalyst. This study used 2
factorial design to investigate parameters, which influence on liquid yield and
fraction of diesel in liquid product (including naphtha, kerosene and long residue)
and determine the optimum condition to produce maximum diesel fraction in liquid
fuel. The results showed that reaction temperature and oil feed rate affected to
liquid yield, whereas diesel fraction yield was influenced by reaction temperature,
oil feed rate and amount of catalyst. Finally, the mathematical simulation shown
optimum condition was at 400 °C of reaction temperature, 3 ml/min of oil feed rate,
102.51 mi/min of N, flow rate and 48.22 %v/v of catalyst. That gave 70 vol. % of
diesel fraction yield.

4.3 PYROLY SIS OF WASTE OIL FROM PALM EMPTY FRUIT BUNCH TO LIQUID
BIOFUELS ON MAGNESIUM OXIDE AND ACTIVATED CARBON
This work tries to use waste oil from palm empty fruit bunch as raw material on
MgO and activated carbon. This waste oil cannot be converted by
trans-esterification method because high sugar content. The liquid oil product has
good quality. In the production of crude pam oil, there are many empty fruit
bunches left that have oil remaining as by product. This waste oil cannot be
transesterified due to its high sugar concentration. Pyrolysis was chosen to convert
directly this waste oil to diesel. The aim of this research was to study the pyrolysis
of waste palm oil from empty fruit bunch on magnesium oxide and activated carbon
in a batch reactor of volume 70 ml. Magnesium oxide and activated carbon
promoted decarboxylation of triglyceride. Tt was found that temperature of 430°C,
reaction time 60 minutes, initial hydrogen pressure 5 bars and using 5%wt catalyst
gave the highest yield of liquid product. The product was shown in 66.68 %wt oil,
21.73%wt gas, 11.59% of solid and 93.94% of conversion. This liquid product was
analyzed by Simulated Distillation Gas Chromatography which was composed of
22.50% of naphtha, 17.50% of kerosene, 55.00% of diesel and 5.00% of long
residue.

5) CI ENGINE FUELED WITH WASTE COOKING OIL HiBD FUEL

This research is aimed to evaluate the influence of HiBD fuel on the performance and
emissions of a conventional direct-injection single cylinder diesel engine comparing with
CD as base line. Test bench experiments (constant speed steady state) were conducted with
a single cylinder DI CI engine, either along full load range or selected part load at 1400,
1700 and 2100 rpm. The acquired data included basic engine performance, exhaust
emissions; in-cylinder pressure and engine operating conditions. The results indicate that, at
al engine speed characteristic, the engine with HiBD shows comparable performance to CD.
Brake Specific Fuel Consumption (BSFC) of the HiBD fuel are dlightly higher, while brake
thermal efficiency of HiBD fuel is higher than that of CD at lower load and lower at higher
load.

QQWFFERR DA BT S 52 R

- 1000 Liter of HiBD produced from Pilot plant (designed by Kitakyushu University)
- 1000 Liter of HiBD produced from Pilot plant (designed by Chulalongkorn University)
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- Mini bus performance on road test running from Chulalongkorn University Bangkok —
Saraburi Campus (Round trip in week day).

- Commercia project for HiBD production from waste oil derived from palm empty fruit
brunch is now under discussion between Kitakyushu University-Chulalongkorn
University-Noda company-Thaksin palm, 2014.

- Development of diesal grad liquid fuels production from waste animal fats by pyrolysis,
Budget 9,659,350 THB submitted to The Federation of Tha Industrial (FT1) and Energy
Policy and Planning Office, Ministry of Energy, Roya Thai Government, under reviewing
2014.

- Development of liquid fuels production from waste oil derived from palm empty fruit
brunch, Budget 9,000,000 THB submitted to Energy Policy and Planning Office, Ministry of
Energy, Roya Thai Government, under reviewing 2014.

- Non-commercial biomass, sugarcane shoots and leaves conversion to bio-oil by pyrolysis
for efficient utilization in industry, Budget 8,000,000 THB submitted to Energy Policy and
Planning Office, Ministry of Energy, Roya Thai Government, under reviewing 2014.

- Commercial scale for liquid fuels production from crude palm oil at 10,000 LPD,
submitted to EGAT, Thailand

- Equipment and instruments of the project will be used for Master and PhD. Students for
their research works.

- Future plan for opening the training course of HiBD production for investor.
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(2-14 6th AUN/SEED-Net Regiona conference on Energy Engineering, Sep.6-7, 2013,
Indonesia, "Effects of synthetic diesel fuels on performance and emissions of a single
cylinder DI diesel engine", Kanit Wattanavichien (Chulalongkorn University), Mansour
Nagib Elhemri
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©@-16 AR 43 BAH - A b FER e e, LU (H25 411 H 14~16 H) |
oy EM. AT ERRA, HARE T BT | OEIUNTISZIRT) . THAR O/ fif
BT DY v 7 A ERE F ORI DWW T ORE

@-17 AMFERE 43 [BIA T - AL Rt ABJu (H25 4 11 A 14~16 H) |
off B WRAE, & EFM WIRE . Boc 1 LIUNSIRE) . T RIS K
DA AT 4 —BNVEEER 1T 2 AREBEER % |
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Murakami, Kenji Asami, Kaoru Fujimoto (The University of Kitakyushu)
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@-2 7th International Symposium on Acid-Base Catalysis(ABC-7), 2013/5/12-15,
Tokyo, Title: Production of Hydrocarbons of Diesel Fraction from Oils and Fats through
the Decarboxylation over Solid Base Catalyst, H Tani, Y. Murakami, K. Asami, K.
Fujimoto

@-3 7th International Symposium on Acid-Base Catalysis(ABC-7), 2013/5/12-15,
Tokyo,

Title: Development of Hydrolysis catalyst for Diesel Fraction Hydrocarbon Production
from Qils and Fats Using Decarboxylation Reaction, Y. Murakami, H Tani, K. Asami, K.
Fujimoto

3®-4 10th Biomass-Asia Workshop, 2013/8/5-6, Bangkok

Title: Combined System for the Total Utilization of Palm Resources -Production of High
Quality Diesel Fuel and Clean Home Fuel-, Kaoru Fujimoto, Tomoko Ogi, Tharapong
Vitidsant

3@-5 The 5th Research Symposium on Petrochemical and Materials Technology and
The 20th PPC Symposium on Petroleum, Petrochemicals, and Polymers, 2014/4/22,
Bangkok, "CONTINUOUS PYROLY SIS OF CRUDE PALM OIL TO LIQUID FUELS
ON DOLOMITE CATALY ST", Jaru Natakaranakul, Tharapong Vitidsant
(Chulalongkorn University)
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(3®-6 The 5th Research Symposium on Petrochemical and Materials Technology and
The 20th PPC Symposium on Petroleum, Petrochemicals, and Polymers, 2014/4/22,
Bangkok, "PYROLY SIS OF WASTE OIL FROM EMPTY FRUIT BUNCH TO LIQUID
BIOFUELS ON MAGNESIUM OXIDE AND ACTIVATED CARBON", Yada
Palakawong NaAyuddhaya, Tharapong Vitidsant (Chulalongkorn University)

(®-7 The 5th Research Symposium on Petrochemical and Materials Technology and
The 20th PPC Symposium on Petroleum, Petrochemicals, and Polymers, 2014/4/22,
Bangkok, "EFFECTS OF DOLOMITE CALCINATION ON USED COOKING OIL
PYROLY SIS", Chatthita Oichai, Prasert Reubroycharoen, Tharapong Vitidsan
(Chulalongkorn University)

(-8  The Seventh Tokyo Conference on Advanced Catalytic Science and Technology
(TOCATY7), 2014/6/1-6, Kyoto, “Development of Hydrolysis Catalyst for The
Production of Diesel Fraction Hydrocarbon from Qils and Fats’, Yayoi Murakami,
Haruki Tani, Kenji Asami, Kaoru Fujimoto (The University of Kitakyushu)

@-9 The Grand Renewable Energy 2014, 2014/7/27-8/1, Tokyo, “Cl ENGINE
FUELED WITH WASTE COOKING OIL HiBD FUEL", Kanit Wattanavichien, Viet
Thanh Nguyen, Tharapong Vitidsant (Chulalongkorn University), Kaoru Fujimoto (The
University of Kitakyushu)

®-10  The Grand Renewable Energy 2014, 2014/7/27-8/1,

Tokyo, "DEVEROPMENT OF CATALYTIC CRACKING DECARBOXYLATION
PROCESS OF WASTE COOKING OIL FOR NEW BIO-DIESEL (HiBD)
PRODUCTION", Haruki Tani, Yayoi Murakami, Kenji Asami, Kaoru Fujimoto (The
University of Kitakyushu), Prasert Reabroycharoen, Kanit Wattanavichien, Tharapong
Vitidsant (Chulalongkorn University)

@-11 2nd Asian Conference on Biomass Science, 2015/1/13, Tsukuba, “Development
of heterogeneous basic catalyst supported on silicafor the synthesis of HiBD from waste
cooking oil”, Paweesuda Natewong, Y ayoi Murakami, Haruki Tani, Kenji Asami (The
University of Kitakyushu)
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