21

(Renewahble sources)

211, il

(High  Compression, Self

|gnition Engine)

100 4000

300

300 - 1000

1000

(Automotive Diesel ~ Gas Industrial
Diesel Qil) IDO



2.1.2.

2.1

Property
Cetane number
Density
Higher heating value
Kinematics viscosity
Cloud point
Pour point
Flash point
Sulfur content
Carbon content

Ash content

(Cetane

Ignition delay

ASTM D613

2.1

= %

1

Standard method
ASTM D613
ASTM D4052-91
ASTM D2015-85
ASTM D445
ASTM D2500-91
ASTM D97-93
ASTM D93-94
ASTM D5453-93
ASTM D524
ASTM D482-91

number)

IP 41

+0.15(%

(Calculated cetane index)

50%

Unit

g/ml
MJ/kg

)N

«

2.1

[2]

mm2s at 40 °c

AP|

CFR

)

'l
fu VIT}.)lin



(Cetane improver) 2.2 2.3
Cl = 452 +0.0892(T10215) + 0.131 (T50-260) + (0.0523(Tg0-310)
+0.901 B(T50-260) - 0.420B(Tgo-310) + 0.0049(Tr0--215)2

- 0.0049(Tg-310)2 + 107.0B + 60.0B2 (2.2)
B - .3%D0ss) ..
TIO'TO'TH a® 10, 50, 90 (°C)

ASTM D1298 ( 15°C)

Cl = -420.34 + 0.016G2+ 0.192G109T50 +65.01 (logi502- 1.809x10°4T&R  (2-3)
') 50 (°F)
G AP

(Distillation and vapor pressure)

Vapor
lock

Distillation Vapor pressure

* RVP RVP
b Vapor lock
RVP

RVP Vapor lock

10% Distillation

Vapor lock

50% Distillation

50%

« 90% Distillation



. (End point)

(Flash point)

Pensky Martin Closed Cup (PMCC)

(Fire point)
5
5-35°c
(Density)
API 2.4
APl Gravity = mmb --------- 1315
i 1160°
1
10.0°
API
(Viscosity)
(cP) (est)

cP = ¢St X Density of the fluid
(Pour point)
ASTM D97

ASTM D 93

Sl

API

API

(2.4)



(Cloud point) ASTM
2500

(Color)

(Carbon residue)

(Sulfur content)

(Ash content)

(Higher heating value)



D4809

2 g

(palmitic)

10

(oleic) (linoleic)

2.2

CH3(CH2)12COOH
CH3(CH2) UCOOH

CH3(CH2)15COOH
CH3(CH2)ICH=CH(CH2)7COOH

CH3(CH24CH=CHCH2CH=CH(CH2)7COOH

ASTM
ASTM D4868
13400 Btu/gal ~ 14800 Btu/gal

10
(stearic)
2.2
[3]

14 53.9
16 63.1
18 69.6
18 13.4
18 -5

2.2

(essential fatty



acid)
2.3
2.3
<312:0
141210 ND-0.5
>56 0.1-05
<48 0.1-05
50.0-55.0  45.0-55.0
6.3-106  45.1-153.2
86-107 ND-0.1
101 ND
94-120 ND
124-139 ND-0.1
ND =
Cxy= X
2.3

(acetic series)

(oleic series)

(linoleic series)
(linolenic series)
(clupanodonic series)

[4]
<314:0 C16:0 <318:0
0.5-2.0 39.3-475 3.5-6.0
0.5-15 38.0-435 3.5-5.0
1020  48.0-74.0 3.9-6.0
14.0-18.0  6.5-10.0 1.0-3.0
16.8-21.0  7.5-10.2 2.0-4.0
ND-0.1 8.0-14.0 1.0-45
ND 14.9 6.0
ND-0.2 15-6.0 0.5-3.1
ND-0.2 8.0-135 2.0-54
y
CnH202
CnHZ2n20 2
CnH214 2 3
C nH 216( 2 4
2180 2

018:1

36.0-44.0
39.8-46.0
15.5-36.0
12.0-19.0
5.0-10.0
35.0-67.0
412
8.0-60.0
17.7-28.0

<318:2
9.0-12.0
10.0-135
3.0-10.0
1.0-35
1.0-25
13.0-43.0
34
11.0-23.0
49.8-59.0

[5]

10

<3183
ND-0.5
ND-0.6
05
ND-0.2
ND
ND-0.3
ND
50130
50-11.0



100

2.2.1.
)
2.4
Property Standard method
iodine value AOCS Cd 1-25

Saponification value AOCS Cd 3h-76

Acid value AOCS Cd 3-63

(iodine value)

(saponification value)

t

(acid value)

1

2.2.2. [4]

[6]

2.4

[6]
Unit
g Ilg oil
mg KOHI/g oil
mg KOH/g oil

83-85
10-20

il



2.5

2.5

23,

2.6

0.918
0.918
0.915
0.914
0.898
0.904
0.915
0.845

(

21 °C)

(low volatility)

(21 °C)

57.2
60.0
51.9
67.1
88.6
66.3

36.9 ( 38 °c )
3.8

[4]

39,350
39,490
37,540
39,470
39,550
39,720
39,000
46,800

12



2.6
Vegetable oil

Almond kernel

Babassu

Bay laurel leaf

Castor

Coconut

Corn

Corn marrow
Cotton seed
Crambe
Hazelnut

Kerne

Kinematic
Viscosity
at 38 °c
mm2s
34

30.3

23.2

29.7
29.8

34.9
35.1
33.5-33.7
53.6
24

Cetane
Number

34.5

38

33.6

423

37.6
31.5
33.7-41.8
44.6
52.9

[6, 7, 11]
Cloud
Point

Heating
Value
MJ/kg

39.8

39.3

374
37.5

39.5
39.6

39.4-39.5

40.5
39.8

°C

20

-1.1

10

Pour
Point
°c

-40

-15
-12.2

Flash  Density

Point KglL
°C

150 0.946
I

0.9226

217 0.9095

234 0.9148

274 0.0944

Carbon
Residue
wt.%

0.22

0.2

0.21

0.24
0.22
0.24-0.25
0.23
0.21

Ash
wt.%

0.01

0.03

0.01

0.01
0.01
0.01-0.02
0.05
0.01

Sulphur
wt.%

0.01

0.02

0.01

0.01
0.01
0.01
0.01
0.02

lodine
Value

102.35

105.15

88.72
7.5-
10.5
113.2
119.41
1132

98.62

Saponification
Number

197.56

220.62

202.62
250-264

207.71
194.14

197.63



2.6

Vegetable oil

H.o0. Safflower

Linseed

Olive kernel

Palm

Palm kernel
Palm stearin
Peanut

Peanut kernel

Poppy seed

Kinematic

Viscosity

at 38 °¢c
mm2s
41.2

27.2-28.0

29.4

39.6

30.92

39.6

40

42.4

Cetane
Number

49.1

27.6-34.6

49.3

42

41.8
34.6

36.7

()16, 7 11]

Heating
Value
MJ/kg

39.5

39.3

39.7

39.6
39.7

39.4
39.8

39.5

39.6

Cloud  Pour
Point  Point
°c °C
-12.2  -20.6
1.7 -15

31
12.8 6.7

Flash
Point

293

241

380
271

Density
Kg/L

0.9021

0.9236

0.9180
0.9190

0.9026

Carbon
Residue
wt.%

0.24

0.22-0.24

0.23

0.24
0.22

0.25

Ash
wt.%

<0.001

<0.010

0.008

0.005
0.02

0.02

Sulphur
wt.%

0.02

0.01

0.01

0.01
0.01

0.01

lodine
Value

156.74

100.16

14-22

36.03

119.55

116.83

Saponification
Number

188.71

196.83

245-255

193.43

199.8

196.82



26 ()67 11

Vegetable oil Kinematic Cetane Heating  Cloud  Pour  Flash  Density Carbon Ash Sulphur  lodine  Saponification
Viscosity Number Value Point ~ Point  Point KglL Residue wt.% wt.% Value Number
at 38 °c MJ/kg °c c °C wt.%

m2s
Rape seed 37.3 37.5-37.6 39.7 -3.9 -31.7 246 0.9115 0.30-0.31 0.054- 0.01 108.05 197.07
0.006
Safflower seed 31.3-31.6  41.3-42.0 39.5 183 -6.7 260 0.9144  0.25-0.26 0.006- 0.01 139.83 190.23
0.007

Sesame seed 36.5-36.6 40.2-40.4  39.3-39.4 -3.9 -9.4 260 0.9133 0.25 0.002 0.01 91.76 210.34

Soya bean 32.6-33.1  37.9-38.1 39.6 -39 -122 254 0.9138  0.24-0.27 0.006 0.01 69.82 220.78

Sunflower 33.9-34.4 36.7-31.1 39.6 7.2 -15 274 0.9161 0.23-0.28 <0.010 0.01 132.32 191.7

seed

Tallow - - 40 - - 201 - 6.21

Walnut kernel 36.8 33.6 36.9 " “ " - 0.24 0.02 0.02 135.24 190.82

Wheat grain ! 32.6 35.2 39.3 - - - - 0.23 0.02 0.02 120.96 205.68

en



2.3.2.

16

[7-9]

20

[7, 10]

10-20

[10]

10

[10]

[10]



2.3.3.

(alcoholysis reaction)

ROOR
Ester 1

+

50

2.6 [10]

R'OH
Alcohol 1

(esterification reaction)

[7]

( 1 Na2C 03)

7, 10, 12, 13]

(transesterification reaction)

(alkoxyl group, RO-)

ROOR
Ester 2

2.7

+ R'OH
Alcohol 2

RR R

17

68

(2.6)



30

18

wy R’ luannish 2.6

[12, 13]

[12]

2 04

(>99%)
2.7



2.7

Acidic catalyst

1% h2so4d
1% h2sod

1% h2so4d

2.8

(saponification

reaction)

(hydrolysis reaction)

ROOH

Free fall}' acid

2.7

19

Reaction Time (hr)

[12]
Alcohol Temperature (C°)
Methanol 50
Ethanol 78
Butanol 117
[12]
(NaOH) (CH30Na)
(selectivity)
2.8
2.9
NaOH > ROO Na- + up
Base Soap Water

50
18
3

(2.8)



20

AfE vy R™ luannisi 2.7

O o)
7 / H
R C R——C X
N \ o
O R O R s
H c/ \C—O / \ H2C\
e H c=—
=N / Hydrolysis / CH—O
CH—0O0 H—O0 é \
s + H2C\
HC
2 \ + OH H\ 0
O o) Vi
/ / H
R—C\\ "R—0C
0 3 (2.9)
2.8 [12]
Basic Alcohol Oil ;Alcohol Temperature Reaction Time % Yield
catalyst (°C) (hr)
1% NaOH Methanol 1:3-1:6 <65 0.5-1 >98
and and
Ethanol <78
0.5%CH30Na Methanol 1:3-1:6 <65 0.5-1 >98
1-3%K2C03 Methanol 1:3 70 1 84 -92.4
1-3%MTBE Methanol 1:3 70 1 47
1- 3%TBE Methanol 1:3 70 1 89-93
2.10

GH + NH « N Hie

Methanol Base Sodium Methoxide Water



2.10

[13]

2.9

2.9

Lipase Process operation

B:IYh continuous

c. antracatica (Novozym435)

c .rugosa, p. Cepcia.p.fluorescene

R. Oryzae (F-AP15) y
R. Oryzae(1F04897) y
2.8
Extracellular  lipase

Intracellular lipase

[14]

[15]

worfjjFifk (’

[13]
% Methyl ester

87-98
80-100
80 - 90
70-90

L

S fa

Reaction time
(hours)
3.5 -48
80-90
70.0
72.0



22

2) [16]
(supercritical
condition)
(methanol), (ethanol), - (l-propanol), 1-
(1-butanol) 1- (1-octanol)
Saka o !
5
Inconel-625
1 42
350 400 ¢ 10 240
1 & 350 °¢ 19 mpa 240
95 Saka [18] ' ' '
1 42
Demirbas [19]
4
100
1 41

250 °¢c 300 95



coil)

2.4,

2.4.1.

2.4.2.

[20]

[20]

(reaction kettle)

(autoclave)

(electrical heating pads)

(steam jacket)

[20]

23

(steam



2.5,

2.5.1.

[21-23]

2.1

[20]

24



Baffle | 1
o) | — -

(4w

Turbine with

6 flat blades 5
mounted on disc e
Oy

Zr

Tank

.

2.

1

= 1/10

[22]

[21123)]

25



2.5.2.

1)

(axial flow)

2)

(radial flow)

2.6

(21,22, 24]

[24]

(propeller)

(turbine)

(paddle)

(Archimedes screw)

22,23,2.4

2.2 [21]

2.5

2.10

26



21

(n) A 6 luwuusauuau (@) AaiululAe 6 lukuuRouuany (A) feu 4 Wuuudss 45°

2.3 [21]

1
I 1 7
% ‘ =
I~/ S |
\}V
2.4 [21] 2.5 [22]
'0,
w0 _,.1—4
§L
o [~
Ll
i (ORN_UNTVER3E
w £ — ©
5" s [1° 3~
MINIHIHIE
g |[8]].]12[1¢
> g < = é
10 §—8
HRE-
o 2

AGITATCR  TYPES

2.6 [21]



28

2.10 [22]
| |
- [ o ; { Baffl
Agitator type ’ n, DDy ¥ bD, i H/D, ! Zi, x l B “‘a!‘?ior
Turbine with flat blades 4 0166 102 | 133 | 0s5 | - | - 4 |
mounted on disc: 3 0.166 | 0.2 133 | 048 - | - 4 {
! = 1.25b; (4 | 035 |02 104 | 05 | - - 4 ‘
np = number of 6 | 05 |02 | | 00 | - = 4 ]
blades 6 | 03 02 1 | on | - s 4 o1 |
(1) 1= D2 . 6" 1 03 | 0125 | 1 i - 4 o008 |
: | 8 ost | o1 | | | - & b}
| { i |
Turbines with fat blades (6 | o 0125 | 1 | a3 | - - | & "oos
| 6 [ 033 0.2 1 {03 - - 4 008
: Saj' 4| 0166 | 02 13 |08 [ - | - | 4 |
'3 0166 | 02 13 {08 | - | = 4 ‘
4 | 035 02 14 035 - | - 4 ’
6 | oso |02 1 0.9 ! 4 !
8 | 03 0.1 [ 8 E
§ | 05 0.1 i | 8 I
8 | o8 0.1 l : {8
= RN NS 7 ‘ ‘ S
Turbine with curved blades: e o |6 | 033 ! o012 lon | = 9 | 4 oo
(1) Rotation 8y, [=05 - 01 | L €0 8
in reverse direction 8P 1 =03 [ 01 | R [ ¢ 9% R
(2) Pfaudler type 7 I® N0 0.05 l T T
8 | 051 0.2 1 [ os |3 | 90 | 8
i : i
-3 ‘ H ,_L | . ,)_
Turbines with inclined fat 8 05 02 | 1. | 09 - | 4 | 8 -
blades or propeller!'': 3 1 02-06 0.7-1.1104-08] - p=D,| 3
p: propeller pitch 8 |
(2) coaxial guide eiast. 05 | | 8
cylinder N 131017 — 06 | | | 4
3"!! 0s | [ | o
25.3. (baffle) [21122, 24]
(vortex)
[24]
(counterblade)
2.1
4
20,000 [21]



2.1

2.54.

29

[22]

(vortex) [21,23]

2.8

[23]



2.5.5.

2.8

S 2
/'/‘h \ ’\\
& Peo gy
[21,22]
2.9
(axial flow)
(radial flow)

2.9

[21]

30



31

[21,22]

2.9

2.6,

26.1.

[25]

Barnhorst

2.10

75

(batch reactor)

0.08



32

5 2000

20
0.07 25 45
98.5 ,
12 0.3

WATER
G¢:ONTDENS.UR

|R}2A(TTOR—"
li',‘;m / OE:
2.10 Barnhorst [25]
Noureddini [26]
32
211 (A) (B)
©)
(continuous  stirred-tank reactor, CSTR) (1) 70-80
1-2 3 1
0 1 0.1-1.0 ()
2) 80 20
(F) (3)
() 6) 3



()
(5) isobutylene () isobutylene (M)
Q) isobutylene
1 3 (5) isobutylene
(K)
(mono-tertiary butyl ether, di-tertiary butyl ether, tri-tertiary butyl ether)
isobutylene isobutylene (6)
(L) (7) (P)
(N) t)
R)
Q) (0)
(N) 8)
R)
12 88
A 1\ 2"\ Jx
C F
cC—— ] ] L=ug.
I 44— T
H G
Tar 1 s i
: RAT 1 P—
° T o
= [ g
Q

211 Noureddini [26]

33



Hanna [27]
venturi
2.12 3 1
1
0.1 1
70 200 : 200
(215A-215D) Reynold number (Re)
2100 4000
(301)
(303)
80 97
205 —
4,—2161\ lL{/—ZI 216C ‘FH,-ZIGD

215A 2158 215C 2150 =7

101—
203A \2036 203c 203D |
2° 2018 zmc zozo

200 \L ﬁ —— 301

I

" 300

| - l
2so-|/ ﬁ‘} |

l_‘ ' NEUTRALIZE

l
303
TO SEPARATION

2.12 Hanna [27]

Darnoko [28]

(batch reactor) 50 60

34

(101)



35

6 1
(conversion)
(TG), (DG) (MG)
30
0.018-0.191 (
)'1

(activation energy)

147, 14.2 6.4
1
(Darnoko) [29]
(continuous stirred-tank reactor, CSTR) 1 2.13
6 1 60
(vield) 58.8
(residence time) 40 97.3
60
Condenser Thermometer
Sample
l 11 Methyl estar*
eparator,
PS?IT‘ o .ds‘r Glycerol
2.13 Darnoko [29]



36

Bouaid [30]
Brassica carinata (continuous stirred-tank reactor,
CSTR) 200 2.14
Brassica carinata 6 1 15
25 60
4
400
98
g :
o
= E: 1. TRANSESTERIFICATION 'E
1000kg = =1 @ ?- i ;WFICI-T!ON
ST = o S NpgEpal
1 3 g 200L Kl
m} GLYCEROL PHASE 5 =

5
4cce .
2009 { 3. OrRYING

4. RECOVERY FATTY ACIDS

9 6

100

BASE SALTS

2.14 Bouaid [30]



31

2.6.2.
[23]
20, 25 30
2
6 3 45
264.87-618.27 A
112 113 45
2
6 113
45
2.6.3.

211



2.11

Barnhorst

Noureddini

Hanna

Darnoko

Bouaid

10
1.0

[25, 26, 27, 29, 30]

75

60

25

6 1
0.08 98.5
6 1
0.1- 88.0
70-80
6 1
0.1-1.0 80.0-97.0
200
6 1
1 97.3

Brassica carinata 6 1
15 98.0



12

Barnhorst

Hanna
200
Danoko
Noureddmi Bouaid
Noureddini

isobutylene

Bouaid

39

88
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