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- Unstable and
increasing of
petroleum price.

- Depletion of
pefroleum reserves.
- Environmental

impact.
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OPEC Basket Prices, January 2, 2001- August 5, 2004
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Exhibit 1: World oll inventories have drawn by 102
million barrels since their peak in May of 2010...
Million barrels
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Soybean, rapeseed,
sunflower, coconut oils

J Acid/Base

catalyst

Vegetable/animal
Fat/oil

animal
Fat/oil

2. Ozonization

1. Supercritical method
[ Vegetable/ } (High T P)

[ Biodiesel J+ {lecernl}

[ Biodiesel J +{G|Vcernl}




Vegetable oils

‘Y Composition

% - fatty acid smoles
W - glycerol 1mole

‘N Variation

- fatty acid chain length

- degree of unsaturated



Properties of vegetable oil

soybean oil European std.

viscosity 32.6
cetane No. 37.9
energy content 39.6
flash point 254
sulfur 0.010
density 0.9138

2-4.5

> 51

45.5

> 56

<0.35

0.82-0.845

P.N. Giannelos et al. (2002



Properties of vegetable oil

.. flash point higher
advantages
.. sulfur content lower
.y cetane number lower
n,  viscosit higher
> Y g disadvantages
.. energy content lower

.. cold flow properties not good



Process to use vegetable oil as diesel fuel

1. Direct use/ blending
2. Pyrolysis (thermal cracking)

3. Microemulsion

4. Transesterification *

Fangrui Ma et al. (1999
Hideki et al. (2001



1. Direct use / blending

optimum ratio  20:s0
Problem
4 high viscosity
4 acid composition/ free fatty acid content
4 gum formation

4 Carbon deposit

lubricating oil tickening

4 poor cold flow properties
Fangrui Ma et al. (1999
Kunjana et al (2001



Process Development

L. high viscosity
£ low volatility

&~ polyunsaturated

f'
pUWWN o




2. Pyrolysis

‘thermal decomposition’

big molecule (TG) ——>  small molecules
heat

Problem consume high energy
ash

Carbon residue



3. Microemulsions

oil + solvent ——> colloidal equilibrium dispersion

problem :

~ irregular injector needle
~ heavy Carbon deposits
~ incomplete combustion

~ increase lubricity viscosity



4. Transesterification

H,COOR - H,COH H;COOR
| | NaOH I '

H(IL‘OOR’ + 3CH;0H > | H(l'JOH + H;COOR’
H>COOR™ | H,COH H3COOR”’
Triglyceride Methanol | Glycerol Fatty Acid

- Methyi Esters

‘alcoholysis’

triglyceride + alcohol — diglyceride + fatty acid ester

diglyceride + alcohol =) monoglyceride + fatty acid ester

Monoblyceride + alcohol ==, glycerol + fatty acid ester



4. Transesterification (continue)

alcohol —) ethanol, methanol

alcohol : T6 ) 3:1

catalyst j> acid, base,
biocatalyst




Fatty acid methyl ester (FAME)
production

CH,—- 00OC - R,

CH,- 0OOC - R,

Triglyceride

CH-0O0C-R;, + 3CH,OH

Alcohol

Catalyst

FAME = BIODIESEL«
4

R,-COO- CH,
R,-COO- CH,
R,-COO- CH,

Fatty acid Ester

Transmethylation reaction

CH, — OH

+ CH -OH

CH, — OH

Glycerol



From the Farmer...
to the Fuel Tank

Farming

Q. >

Energy Crop
R&D

Glycerin




Production of BIODIESEL

Block diagram

iz:




[T —— ganuideingdrdnsH
uu,uufda-m"lu‘iammri: 'nj. lla’-ﬁlﬂﬂiuiﬂﬁ

@ nswansatiiag
o AavnsHan 150 aas/iu
S aataTnwiNas§IU
ASTM D 6751




9
90} (oY A

Wssumeuaaautaved lu Toaanuuugsomasaya

1. B.D. 0wl TalnaIgzone diuznuwidunasndsznauvinlai laLge
NusagaanINNLATR G kna litAaNwnIe
8’ (W] 1 =\ 6
2. BINBALTR LN DI NTLIW LLATIFIY Laziasalssnauvad
aromatic compound agl: 20-40% Vawe B.D. NoanTLathbis
o 1 ® [V o o
las9a3198is 10-12% virlnladaiiduazaaszwiaianuazainaian
3. B.D. ﬁagmwﬂﬂgandwﬁlfm ﬁﬁﬁﬁ’]ﬂ’]i@@ﬁLﬁ@i%Lﬂ%@ﬂU%ﬁ%ﬂﬂ’jq
4. e lalfinsza lulaseaste aeeh B.D. inwsza lulanmn
1 Q "\ g’ o A o U 1 =
UANANN NWAINTHAVIIBINWNY 71N 1% B.D. LNLED S
A . . v & ' ® o
L7 oxidation LALSININ STLNITLAVEW

5. B.D. §8NUAUNITHADAWANIT ANIIRNWAT



w d'd o 1 a\ d' %4
‘ﬂ‘i] Uﬂuﬂ31uﬁ1ﬂﬁyﬂﬂwawﬁﬂﬂ1ﬂ

-gaunni lumsnlgnsen
Y 1 ' ? o Jd
-9AIAIUIENINU N ULALIDANDIDA
- Yy 9 J Aann
- UALAZANUANYUYBIATT AT 8
S 9
-MINANAITAIAU

Jd Y
-ANUUTNTVDIAITAIAU



3’ (-9 6
WINWUIEHN NN b Ing
s1A1an
Ql
o g/ (-9 6
TN BU A NN TN ALra?

ABIANTIILH 1A ‘Tﬂﬁlﬂ cetane number
u u

Octane number?



a\ ~a\ 1 6
Octane number : ‘uanmsmﬂmsqmzmmﬁauysm

-Heptane d octaneno. = 0 = #ILNANTS nock godgn
~ L a o
-Isooctane 3 octane no. =100 ™ %3LNAN1I nock (mqm

*** Heptane 9% + isoctane 91% ™ i octane no. w2

-benzene d octane no. = 106 toxic, cost>isooctane
>

_Toluene ¥ octane no. =118-120 ) 5301% isooctane Lfﬁ% anti knock

1 d” = =R A U Y l—‘j ‘QI
Solvent L‘Viﬁ'\%‘i’]ﬂ'\LLWOQ@@I%GNﬂﬁ{l%(ﬂzﬂ'}Nﬂ&ll‘waL‘W&l octane no.

(tetraethyl lead, tetramethyl lead) ﬂ%qﬁ%i% Aromatic, oxygenate



WA WALEA bBAT cetane number (CN) LUaNAINITLAN bAal

Cetane (C, H.,,) 3 CN =100

=

0-methyl napthalene d CN =0

. 3



CN = 46.31 0456 0.2251V

SN(Iipid)

(lipid)

56(1000)
I\/I\NFAME

SN =

SN linid) = zKSN(FAME) x(%FA)]/lOO}

_ ((126.9)(2) X100 x number of double bond

VFAME) MWof EA

Vi) = ZHIV(F AME) x(%FA)/lOOH

|
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Ared Parcant Raport

Peak HetTima Type Width  Area Eeight  Area

j | [min; | [ph*n] | [pAl | ¥
1 1.16% 3.350A5A5 2.6323%a8 9%.77143
i 1.387 e.971RE 5.095822 0.00297
3 1,436 2.45E1B0a-1 2.02497a-1 7.2119a8-5
4 L4477 1.51z260a-1 1.36341a-1 4.534a-5
5 1.918 1.53503 L.10B65 0.00048
E 2.011 18.59433 13.98766 0.0056%
7 3.560 9,314¢3n-1 &4, 54R482-1 0.00037
B 17386 4.8314Bm=-1 2.553004-1 0Q.00C14
8 3A,813° 4.31%2708-1 2.106E3a-1 0.00013
10 4.3a60 1.53270e~1 1.08345=:-1 5.0408-5
11 4.375 EO1.B417¢ 340.14883 0.17%320
12 4.4 130,73253% T7.hhR54 (0.038893
13  4.875 2.177T81 1.224056 0.00065

g

3.35855e5 J.62656eE
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Heat of combustion (HG)

p ﬂ%mmmw%’auﬁgﬂﬂaﬂﬂdaﬂaaﬂmtﬁami
1 6
gmmlwﬁ’a t9ENUTb (Kcal/mol)

fi2lunnTas 1% Bomb calorimeter
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61800
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>N FAME)

1896000 6181V, .. —1600

(lipid)

N tlipid)

430




N1 lauds s ranlnniseaa lulafisa ?

AIATNRIIW bARN Lipid energy

Bond energy AH(kJ/mol)
C-C 348
C=C 612
C-H 412
C=0 520
C-O 394




¥ Y
T&JL@QE‘\“UBG TG ﬂszﬂa‘umﬂaﬂ‘sma ?

CH,- OOC - R, CH,— OH
CH-0OC-R, + 3CH,0H f:atalySt: 3CH,_COO_R + GH -OH
CH,- OOC - R, Fatty acid CH, - OH

Triglyceride Methanol methyl Ester Glycerol

| VU % ¥
@J’J’] methyl ester ﬂiznaumﬂwuﬁzaﬂsma ?



Bond energy AH(kJ/mol)
C-C 16x612
C=C 16 x 348
C-H 34 x 412
C=0 1x 520
C-O 1x394
Total 20,490

Energy heat nla 210 diesel fuel = 16,576 kJ/mol



= 1 U (W ] 3’ (W) c
Energy heat 8@1lnatAgIn kans wianlras
NI eI waLsadlasiagule leatdagw

Twaglugil methyl ester Hedianunibaasnin TG

Ethyl ester ?
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