25
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LCA

CO2

TISTR
BDF(

/h TISTR

B10

H25

1.0ton/

BDF

GC-MS

H25

Jatropha
BDF
LCA
5
LCA
LCA
1.0ton/
BDF EN BDF
WWFC
H-FAME )
30kg-
H-FAME 10vol%
JICA
BDF
H26 2 5
(BDF)
WWFC H-FAME
15mg-KOH/g
H-FAME TISTR
90
H-FAME
NSTDA
H-FAME
BDF NSTDA
TISTR ( )
SiO2/AI03
30kh- /h



H25

TISTR
TISTR
NSTDA
NSTDA
Mo W
Co
co-processing
<10
H-FAME 10vol% B10
EURO3 50,000km
H-FAME B10
BDF H-FAME
BDF BDF
THC CO NOx
H-FAME CO
BDF
B40,B100
B40 PM,THC,CO NO
PCCI
PM  NOx Soot
PM NO
BDF H-FAME
JICA 17 16
13 2 1 1
BDF



H25

WWFC H-FAME 2012.11~2013.5
50,000km H-FAME
BDF 2021
B10 H-FAME BDF
H-FAME H-FAME B10
TISTR
30kg/h
JIS
BDF LCA
TISTR
JICA



H25

BDF
JICA No.2-1, 2-2, 3-1,3-2,3-3, 3-4
BDF
BDF
BDF
LCA LCGHG
H21
BDF 1ton/d
BDF
H22
1ton/d
BDF
BDF
BDF
BDF
LCGHG
GHG
LCA
BDF
LCGHG
H21
1ton/d
No. 2-1 BDF BDF
Pd Pt
JICA
JICA No. 3-1 H22 BDF 1.0 ton/
BDF
BDF 3
BDF 400L

1ton/d

BD

F

BDF

H24

JICA

No. 3-2

BDF



BDF
1.0ton/
BDF BDF
Bl
(EEBS):2008 BDF
mass% > 96.5 99.7
15 ka/m® 860 — 900 0.87651
@40 mm’/s 2.00 -5.00 5.02
°c >100 >200
mass% <0.0010 0.00025
(100% )or mass% <0.05
(10% ) ’ <030 0.14
>510 60.0
mass% <0.02 <0.001
mg/kg <500 385
mg/kg <24 -
Class-1 la
mgKOH/g <0.50 0.16
hrs >10.0 15.1
Reported 70.52
mass% <120 0
4 mass% N.D. N.D.
mass% <0.20 <0.01
mass% <0.80 0.54
mass% <0.20 0.20
mass% <0.20 0.06
mass% < 0.02 0
mass% <0.25 0.17
Na+K mg/kg <50 <3
CatMg mg/kg <5.0 <2
P mg/kg <10.0 <1
H23
JICA No. 3-1
BDF
JICA No. 3-2 BDF
BDF
BDF BDF
BDF KOH
BDF
H24
2012 5 (

H25




H25

2
BDF
1.0ton/
15mgKOH/g
BDF
TISTR
BDF 600L BDF
BDF
Rancimat 20
JICA
No. 3-2
JICA No. 3-1
BDF
Pd
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100

H25

80

60 1

40 1-

20 A

$TIRBAR AT
(HAERHREEA)

0 20 40

60

80

100

BB/
R &#:T=1007C. P=0.5MPa. WHSV=7.4h"1(@), 144h"1(A)
3
SBA-15 Pd Pd
69%
3-4 cis
BDF
SBA-15
(Amberlyst-15 SAC-13) SBA-15
SBA-15
BDF 150 75 h
75-78 wt%
BDF
SBA-15
BDF LCA JICA 4-1
FAME LCGHG
4
LCGHG
LCA
LCA
LCGHG
GHG
5 GHG
LCGHG
[1]

LCGHG



H25

250

2.00 1.60
&
150 — o &
& ﬁ 1.20
8 5
S 1.00 —— — 3
S =
E <080

0.50 8

Z040
0.00 E¥)
Palm Rape seed Soybean Jatropha
Feedstock 0.00 - - .
Without irrigation With irrigation
m Cultivation&Oil extraction ~ WFAME production&Transport  ® Upgrading ®mCultivation ®Degumming =FAMEproduction = Transport
4 FAME LCGHG 5 LCGHG
[1] Center for Jatropha Promotion, 2013, Jatropha Plantation. Available

http://www.jatrophabiodiesel.org/jatrophaPlantation.php [accessed on 15 November 2013].

H21 1ton/d BDF
H22 1ton/d BDF
BDF
H23 5 19
JICA 19
6 JICA TISTR
H23
BDF
H24
2012 5
( 7) TISTR
BDF 600L BDF
BDF BDF
BDF



7
BDF
BDF LCA
LCA Sima-Pro
LCA
LCA
LCA
JICA No.6-1, 6-2
H21
GC-MS
H22 GC-MS
H23 (H-ZSM-5 USY
GC-MS
H24
GC-MS
TISTR
Beta

10

H25

Beta



H25

H21 GC-MS
H-ZSM-5
JICA No. 6-1
JICA No. 6-2 H22
( )
GC-MS
FID JICA No. 6-1
JICA No. 6-2
H22
GC-MS
/ / / /
( ) JICA No. 6-1
H23 GC-MS
Beta usy
8 10%
SiO2 10nm SiO2
2% FO7 7+Beta
(10%H2)
PO T PH+USY
(10%H2)
w077
(10%H2)
2 O7 7+Beta
= RO T 74USY  BRRE
m /ST FAILYRE
TwbO77
0 110 2|0 3'0 4'o 50 60
AT T AL IR (%)
BERE (%)
8
GC-MS ( 40mm)

11



H25

JICA No. 6-1
« )
GC-MS
JICA No.
6-2
JICA No. 34
H24 GC-MS
JICA No. 6-1
9
( 50
65%
H24
/ =0.74 2 Beta
41% 45% JICA No. 6-1
( ) t uUsy ZSM-5
1/10 1/40 Usy ZSM-5
Beta JICA
No. 6-1 GC-MS( / =0.16 70-85%)
73.6%
55% JICA No. 6-2
Beta Si/Al2
( ) Si/Al 225
Beta 72.4%
60% JICA
No. 6-1 ( )
10% ( )
29.4% 31.2%
44.1% 62.2%
JICA No. 6-2
9
a
(b)
(©
25 1

10

12



H25

10
20kg/h
H21
H21 H22
H23
GC-MS TG
(30g/h  11-12)
H24 ( )
JEE
Mist Gc
trap
(0°C) (-20°C)(lig. N,)
12 /h)
11
20kg/h

13



H25 |

( ) 30g

TISTR (1314

TISTR (15

13

Condenser
Trap
Cyclone Gas
Cyclone
! ESP
]
's‘:;’lp Bio-oil
Hopper Blo-ouBi‘;:o"
l 1 Burner
Rotary Combustor
valve
l |
Screw feeder Pyrolyzer
14 -
JICA No.8-1, 8-2, 9-1

14



H25

1/3 10
1
LCA
H21 2
3MPa NiMo
H22
NiMo
H23
H24
H2 < 2MPa
300~330 H2 < 3MPa
H2 3MPa 250
10%
LCA
LCGHG
H21

15



JICA
NiMo CoMo NiwW
CoMo JICA
H22
NiMo
1
5MPa 400
JICA No.8-1
0.1%
No. 8-3
H23
No. 8-2
JICA No. 8-3
NiMo
260
350 2
100% JICA No. 8-1
10
JICA No. 8-3
No. 3-4
H24
JICA No. 8-3
H2 2MPa 280 320
H2 3MPa 300
No. 8-1
13
320
0.8% 0.2%

16

H25

350 58 78%
No. 8-1
100%
No. 8-1
usy
3MPa, 330
JICA
JICA
300
100%
JICA
4
JICA
3MPa 250
5MPa 400



H25

( 16)
100 ———— 55
99 o ] .50
8 ]
og| @ 2 45 %0 o
_ | e 8 :
R o7} ] § 40§ .
2 ool 3
T 96 [ ] £35F )
i ) | & |
i ) Q a0t
L 30F .
957 o | 8 i @ Siica
ol ] E o5t | @ sicarAumina|
| @ sSilca L Eoo
93 @ Silica+Alumina | @ 201 B
E ® :
ol 1] ST T
0 20 40 60 0 20 40 60
Time on stream (h) Time on stream (h)
1
JICA No0.8-1
H> 5 7MPa 400 2h NiMo
1Wt% 90% 2 ( 17)
10%
, >360
10% JICA
No.8-1 S; 50ppm, N; 1700ppm, O; 9.9% N;
40ppm, S; 9800ppm 350 5MPa, SV 1.25 LGO
2 3ppm 10% 20%
7 9ppm 10 13ppm HDS
10% 24% 20% 34%
1700ppm 40ppm

17



H25

JICA No.8-3

L BRERFH-E
o vy
iao BB R il-MD
10% 20%
S wppm 2 ~3 7~9 10 ~13

> HDSE E 100 74 66
< 1 < T

N wppm
350°C, SV 1.25, 5MPa

17

LCA JICA No.10-1 LCA
LCA
LCGHG
/

(PM)

LCA

19

Climate change
12

Fossil depletion _;- Terrestrial acidification

,,,,,

Electricity for bio- g =y Lo o
oil production Metal depletion Marine eutrophication
= Jatropha cake

=—4=Base case

—m—scenario 1. replaced of chemical fertilizer and pesticide with compost and organic pesticide

—i—scenario 2° substituting of electricity grid mix used by electricity from biomass

19

Fossil
depletion

Acidification  Eutrophication Metal depletion

Climate
change

H21
H22 3

18



H25

H23
H24 GC,GCMS
2 CoMo
GC,GCMS
2 CoMo
NSTDA/MTEC
LCA
NSTDA/MTEC
LCA
BDF
BDF JICA No. 5-1
Task 1 BDF HFRR
H22
SP SP
H23 TISTR
JME JME
10 HIME
10 addJME HIME
addHIME
JIS2 5 10 20 100
HFRR High Frequency Reciprocating Rig JICA
Mr. Kiatkong SUWANNAKIJ
10 HIME addJME 10
addHIME 10

19



H25

H24 H23 20,
21

Pictures of test fuels (before immersion)

Diesel HJME
w/o
materials
with
copper
with "
rubber
20
Pictures of test fuels (after 8 weeks immersion)
Diesel JME HJME
w/o
materials
with
copper
with
rubber

21 8

20



H25

H22 Task 1
H23
H24 H23
H23 JICA

Kiatkong SUWANNAKIJ

BDF
JICA
No. 11-1
Task 2
H25
7
- 80 1.5
PetroOXY
JIS
7
2011

JICA Dr.YatikaSOMRANG

21



BDF JICA

BDF B100 BDF

H23 TISTR

JME 10
HIJME HIME
2002
NOXx
NOXx
THC
CcO
H24

H25 KIVA-3V

100

H23

H24

H25

H23
H24

H25

11-2

Task 2

22

H25

No. 5-2
Bx
JEO5
JME
addHIME
Smoke
Smoke
CO
HIME addHIME
1
JICA No.



H25

TISTR

Bx
Task 2
JIS
Bx 10vol%
7
BDF
JICA No. 5-5
Task 1 H-FAME
H-FAME 10vol%
WWFEFC
H-FAME 500L TISTR PTT
PTT B10 B10
MTEC/NSTDA
Isuzu D-Max EURO3
50,000km
2012.11 2013.5
10,000km THC,NO CO,C02
H-FAME
H-FAME 10vol% B10
(S<50ppm)
MTEC/NSDTA
MTEC/NSTDA

23



H25

JICA No.4-1 5-1 5-4 10-1 11-1 11-4
COo2
H21 JICA
H22
3 JICA
BDF
H23 8 4 2
NB 2 JICA
22
JICA
BDF H22
2
3 BDF
H23
H24 H22 H23
H24 H22 H23 JICA 7
2 3 NB 2
JICA
H25 JICA 14 6
6 NB 2 H24
JICA
BDF JST
H25
H24
BDF

24



R/D

H23

H22

H2

H25

2010
H22

BDF
H23

JCC

2 25

JICA

BDF

H25

H21
H22 3
JICA

H26

H23

25



H25

LCA

BDF LCA JICA No. 4-1

LCA
CO2 CO2

H21 LCA
LCA LCA

H22
LCA Jatropha

H23

H24 BDF

LCA

H25 H24 BDE
LCA ELP Environmental Load Point

BDF

H21
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GHGHFH R t-C0,f ha

H25

BDF
LCA LCA
H22
LULUCF
H23
LULUCF
GHG
GHG
( 23
N20
( 24
(25
[+ 3# B~ E MRS | O VER T I+ 4R A ZEE ~ e S | O 1R TEHE
= Case2— (1) : SwhOozr i
Case 1—(1) ; RFIRMH ~ . Case2—@ : AA I —LEE
Case 1—'%-' - 3.1 Lo 2R =g Case 2—3) - FEIFEM KT
Case1—3 : @i ~ BE Case 2—@) et
Case 1—@) : B =l Case 2—8) : K
18 o
0 | 17.3 5.8 n
15 | s 94 5.1 94 56 5.6
[ =
" ‘' HEREI= & BN, Ok A HIA
: o - % " = B B}
Case 1- Casal- Case 1- Case 2- ase 2- Case 2- Case 2- Casez
= = J} i) J) i)
KT -10
wiEMERES (N ) w RS (N2OFE) - SRS RIS SR o S o )
-imﬁlﬁmt:coﬂfﬂﬂ_l W EHRRRRECO0IR ) | s RIMEEL (cozl ) = LR AL 02 R b
23 GHGHHE (Srha7r BEA~OEH) 24 GHGHIHE CRH AN SDEL)
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H25

FEMOAHPLR ke fm?

[
IZI
er——
el
|
st
2]
|
-8 |
|
of - ‘ L L

latropha Qil Palm Soybeans  Sugarcane Rice
N -

25 . EHENIOAKHEESE

LCA TISTR
9
( 26)
(1997 )
(2011 )
(2009 )
LCA
5
2
26
H24
LCA
BDF GHG
10% ( 27
BDF BDF 1.7
( 2
180
100man-day BDF

28

BDF
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H25

aan 2 B DF
H M/ NI/
B Energy (MJ) ke JME | kg PME [10]
z | Input 21.67 2548
¢ Cultivation 9.05 744
; - Jatropha crude o1l production 122 2.31
10:00 Biodiesel Production 11.41 15.73
. Output 135.04 56.30
cultivation transporiation. millng process Fanchesel Ja.tmpha based biodiesel 3730 38.07
W ILIE Froduction ®PRME Prodewtion Process Glycerol 325 342
27 BDF By product (seedcake and 9449 14 81
husk for Jatropha and shell
GHG sind palin kerel fo padi)
3
Cost (Thai Baht/ Ha) 64.401 Laud I:Lc:m[“'g Tl;u.ls;l:lullmg
Cost of seedling 16371 g
Cost of land prepaning 1,789
Cost of materials use in farm 572
Cost of Chemical Fertilizer 3.120
Cost of Manure 2,813
Cost of Herbicides and Insecticides 6,810
Cost of energy use in farm 3944
Miscellaneous (Depreciation and 10.842
maintenance)
Labor cost 18,139
Income to Farmer (Thai Baht/ Ha)
Sale Jatropha dry frust 56,494
Seenario 1 Sale JCL husk and wood 81,855
to use as solid biomass 28
Scenario 2 Sale JCL husk to produce 116,131
organic fertibizer and wood for solid
biomass

29

29



@ (b)

( ( 1.88-7.0 ton/ha 2.5-4.44 ton/ha
0.94-2.81 ton/ha)
29
47.4%
1%
H25 BDF LCA
H25
BDF LCA H25
BDF LCA

BDF LCA

BDF JICA No. 5-3

BDF JICA No. 5-4

BDF
NOx
PM 0]
JICA No. 5-3
JICA
5-4
H21 2.2L

30

No.

NOx



CO CO2 THC PM
BDF JIS
JICA
No. 5-4
H22 BDF
BDF
H23
BDF5% B10 BDF10%
uUso6 7
BDF 40
H24 J40
EGR
Compression Ignition)
BDF
J40
NOx PM
H25 H24
BDF
2 BDF
H25
BDF
BDF
H21
BDF
JICA No. 5-3
H22 BDF
PM
0
PM NOx
H23 30
BDF
NO

31

J40

BDF

H25

No. 5-3
BDF
JICA
BDF B5
22L 4
NEDC
BDF

PM

PCCI(Premixed Charged

3D-CFD

BDF

NOx THC CO

PM THC CO
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Equivalence Ratio

H25

C(s) 10*mole/cm?
i (] o 1 1 1 |
0.0 20
7.0 7.0 MO40 7.0
5.6 o 56 o 56 ‘
Adiabatic =] " ‘
4.2 flame T 42 T 42
temperature g % ‘
2.8 g 2.8 I 2.8 ‘
= 3
14 w14 w4 ‘
0 0 0
10 14 18 22 26 30 10 14 18 22 26 30 10 14 18 22 26 30
Temperature 10°K Temperature 10°K Temperature 103K
P =5MPa
NO 103 mole/cn?
[ T . [ B— i i 1 ¥ [T T e—
0.0 0.4 0.8 12
31 PM NO
H24
22
J40
H23
J40
NOx
Soot CO,HC BDF
J40
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EGR 34, 35 EGR
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H25

36

BDF
Soot 3D-CFD
BDF 38
MO 100 M40 100 Exp. —_— e —— HNl
& 2043 0.3
a2
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38 3D-CFD
( BDF )
H25 BDF BDF
BDF PM
BDF
H25 BDF
BDF
H22 JICA JICA
H2 H25
BDF
BDF
JICA No. 4-1 5-1 5-4 10-1 11-1 11-4
CcO2
H21 JICA



H25

H22 JICA
BDF
H23
JICA
15
JICA
BDF
H24
2
SATREPS
ST H22 H23
BDF
BDF
BDF
BDF
1.5US  /Kg
3,000
US$/Kg
10
BDF
JICA NEDO
H25 H24 2 JICA
2 JICA
BDF BDF
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3 NSTDA TISTR KMUTNB
BDF H25 H22
ST
BDF
CSORO QU
T
BDF
H21 R/D
H22
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BDF
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8 1 2
39 - 29(i)-(j)

39  TISTR
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40(a) 40(b)
BDF
BDF
8
2
H24 JICA
JCC
H25 JST BDF
BDF
3
BDF
BDF BDF
JST
JICA
H23
JICA
JCC
H24
H24
BDF
H25 24
2

H23
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1)

2)

3)

4)

H25

BDF H22 H23

H24

SATREPS

H23 SATREPS
1 SATREPS BDF

2 SATREPS
MSTDA TISTR

12 1
SATREPS BDF
3 MOl VAST
BDF 2 BDF
H25 H24
BDF
H22 BDF H23
BDF BDF
BDF
H22
H25
0 5
2 13
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