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Standards:

Raw material or Process (1)

ASTM D-6751-07a EN 14214:2003 |Units
Application FAMAE FAME
Density at 15°C g/cm3
Distillat. Temperature, AET, 95% 90% @ 360°C °C
Flash Point >130 (150 av.) or methanol <0.20 %mass |>120 C
Flash Point (closed cup) >903 °C
CFPP
Pour point °C
Cloud point

‘Process dependent \
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Standards:

Raw material or Process (2)

ASTM D-6751-07a EN 14214:2003 |Units
Application FAMAE FAME
Sulfur [<0.0015 (S15),<0.05(S500)  |<10mgkg  [%mass
CCR 100% - - % mass
10% dist. resid. - <0.3 % mass
Sulfated ash <0.02 <0.02 % mass
(Oxid) Ash - - % mass
Water mg/kg <0.050% vol. (water & sediment) <500 mg/kg
Total contam. mg/kg - <24 mg/kg
Cu-Corros. 3h/50°C <No0.3 1
Oxidation stability hrs;110°C h
Cetane No.
Neutral. No. (Acid Value) <0.50 <0.50 mg KOH/g
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Standards:

Raw material or Process (3)

ASTM D-6751-07a EN 14214:2003 |Units

Application FAMAE FAME

Methanol <0.20 or Flash Point 130 min <0.20 % mass
Ester content e Pees % mass
Monoglyceride - <0.8 % mass
Diglyceride - <0.2 % mass
Triglyceride - <0.2 % mass
Free glycerol <0.020 <0.02 % mass
Total glycerol <0.240 <0.25 % mass

lodine No.

Linolenic acid ME % mass

C18:3 and high. unsat.acids % mass

C(x:4) & greater unsaturated esters % mass
Phosphor mg/kg
Ramsbottom carbon residue <0.050 - % mass
Carbon residue <0.050% by mass -

Gp I metals (Na,K) mg/kg <5 <5 mg/kg
Gp Il metals (Ca,Mg) mg/kg <5 <5 mg/kg
Alkalinity mg/kg - - mg/kg

‘Process dependent \
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Standards (Summary)

O Some Specifications are exclusively related to
the Process, incl. Downstream or Upstream
Treatment:

Presence of contaminants or residual raw material
(fractions)

0 Other Specifications are Primarily Determined
by the Raw Material Choice

Density, Viscosity, Cold Flow properties

Sulfur, Phoshorus, FAC, and Ester content
lodine Value, Oxidation Stability, Cetane Number
Heat of Combustion, Emissions
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Biodiesel Fuel Blend Modeling

Calculation of Critical Aspects

O Cetane Number O Lower energy

o Density content: higher

0 Viscosity consumption

o Combustion energy 0 Lower oxidation
stability

Estimates for o Higher viscosity at

o CFPP = Cold flow behavior lower temperature

0o OSI = Oxidation Stability O Risk of crystallization

Always at the lowest cost and filter plugging
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Why are vegetable oil derivatives
sultable as diesel fuel?

0 Conventional diesel fuel
Boiling range: 180-340°C
Composition: n-alkanes, cycloalkanes, alkylbenzenes,
polyaromatic compounds
Quality: Cetane Number (CN) range 40-100

The Cetane Number indicates which oils could be
sultable as alternative diesel

Cetane Number (CN) is based on a linear set of blends of cetane In
o-methyl naphtalene

Cetane or hexadecane (C,,H,, = fast ignition) CN 100
a-Methyl naphtalene (C,,H,, = ignition delay) CNO
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lodine Value calculation

Based on AOCS Cd 1c¢-85;: FAME ~TAG
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Methyl ester of the following acids Percentage % m/m Factor Contribution
Myristic C14:0 0.3 0 0
Palmitic C16:0 40 0 0
Palmitoleic C16:1 1.1 0,950 1.0
Stearic C18:0 2.0 0 0
Oleic C18:1 60,5 0,860 22,0
Linoleic C18:2 19 8 1,732 243
Linolenic C18:3 94 2616 24 6
Eicosanoic C20:0 0.4 0 0
Eicosenoic C20:1 0.7 0,785 0.6
Docosanoic C22:0 0.7 0 0
Docosenoic C22:1 1.1 0,723 0.8
Calculated 113,3
lodine Value ‘ ‘
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Oxidation stability modeling

0 FAME oxidation stability Is directly linked to
origin of raw materials, 1.e. FAC and presence
of natural antioxidants

PUFA FAME have a much lower oxidation stability
than MUFA or SAFA FAME

Distilled FAME = low oxidation stability, since all
natural antioxidants are removed

O Problems:
Oxidation Is not a linear reaction
Natural [or added] antioxidants have limited capacity
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How to predict Oxidative Stability?

QCL VOL 3 N° 5 SEPTEMERE/QCTOBRE 1996

Interpreting the oil stability index*

Albert |. DIJKSTRA*, Pieter |, MAES, Abstract; |t has been found that the O Stabifity index (OS1) as determined with @ Ranamat
Dirk MEERT, Wouter MEEUSSEN apparatus on blends of triglycende oils and fats con be expressed as

N.Y. Vandemoartele Coordination Center, }T_ X, Gy

Group R & D Center, R=

Prins Albertlagn 79, B-8870 fzegem, Belgium
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A5,
I

whereih - R = 0S8 value of the blend
X, = mass fraction of component {
o, = net antr oxidative property of component J
u, = rate of oxdation of component

v, oxidation rate = different for saturated, mono-, di- and
tri-unsaturated fatty acids
a; antioxidant factor = different for different raw materials

1 IDEAC
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CFPP Cold Filter Plugging Point

EN14214; only when used as B100
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Temperate climates

Limits
Property Unit Grade | Grade | Grade | Grade | Grade | Grade | Test method?
A B C D E F
CFPP “C, max. +5 0 -5 -10 -15 -20 EN 116
Seealso 551
Arctic climates
Limits
Property Units class | class | class | class | class | Test method ®
0 1 2 3 4
CFPP °C, max. -20 -26 -32 -38 -44 | EN 116

Seealso 5.5.1.

The market evolves to two typ
be used in (B2-B30) blends with fossil diesel having

the required CFPP after additivation

O
O

es of B100 Biodiesel to

B100 for blends with CFPP = 0°C in Summer
B100 for blends with CFPP = -10°C for Winter
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How much saturates are acceptable

to prevent crystallization?
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TABLE &

LEFT: SME Winterization on lab scale in hexane
to remove SAFA methyl esters [is not used in
daily practice because of the poor yield]

BELOW: Winterization in hexane shows that
around 10% SAFA from SME is close to the

acceptable limit for stability at —20°C

Source: Reducing the Crystallization Temperature of Biodiesel by
Winterizing Methyl Soyate Inmok Lee, Lawrence A. Johnson, and
Earl C. Hammond, IAOCS. Vol. 73. no. 5 (1996)

Fatty Acid Compositions of Fractions from Methyl Esters of Normal Soy Oil Winterized in Hexane

Winterization

Termnperature (*C)

Fattv acid (%)

sten Fraction af winterization 16:0 18:0 181 18:2 18:3 Saturates
Uniraciionated 10.5 4.1 23.0 54.0 7.6 14.6

| Liguid ~21.5 8.5 L 4.5 56.1 8.0 11.2

2 Liquid ~23.0 5.8 16 253 sA2.8 8.4 T4

3 Liquid -28.4 4.8 1.2 25.9 59.6 8.4 6.0

1 Crvetals -11.5 Jjl.o 14.6 153.7 332 4.5 466

2 Crvstals -25.0 30.3 11.9 16.5 36.2 5.1 422

3 Crvstals =3 4 250 A1 18.8 +2.2 6.0 331

L5 0.2 0.1 0.2

“Least significanr difference at P < 0.05.
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Crystallization Modeling Issues

O

O
O

Crystallization is a thermodynamic process driven by basic physical
characteristics of FAME present

Nucleation onset is very difficult to predict
Presence of high melting minor components can severely affect
crystallization onset and kinetics
Saturated MG
Sterol Glycosides (SG)
= Haze formation

Combination of high melting FAME, Sterol Glucosides (SG), bound
glycerine, and free sterols

Possible Strategies:

1.
2.

29/11/2007

Apply a pragmatic approach: e.g. SAFA+TFA limit

Fine-tuning possible for specific blend ranges
using multivariate model predicting CFPP based
on the FAME composition

: IDEAC




The Effect of Minor Components can
at best be Studied, not Predicted

TABLE 1

Clmnl!:inn‘ti?ns O“I-:E:upf.nr:n?s i1:LI!:IIrtI:I-:1:IisIII[ed soy biodiesel vs. D Saturated MOnOg|yC6rldeS (range O'
CHRE pﬂlllsﬁﬂl Hier iimes obiialne 1%) have meltlng polnt at 78 C

o s e wee cre | memes | O Sterol glycosides (range: 0-40 ppm)
o w0 14 1022 formed during alkaline transesterification
o000 40 20 o 21 04 of Soybean Oil or Palm Oil with _
owe 40 o 24 6 Methanol have very high melting point

B T N at 300-310°C (R ='H, CH,) and low
S0 . 0 o 03 P solubility
10000 i 0 L 1.5 a7
10000 20 0 500 23 2139
o 20 4] 0 4 &y CH,0R
1 DO 40 0 250 22 Bas
5000 0 20 250 1.4 201 0
0 20 40 500 0.4 1531

5000 20 20 250 0.5 446 0 OH o
5000 20 20 250 0.6 162
S0 2( 20 250 0.5 3494 OH
7500 10 iy 125 1.4 103
= % owo o= ow om0 B S0aps (range. 0-40 ppm)

Moo om0 a2 0 Water (range: 0-500 ppm)
om0 20 40 0 23 609 O Acylated Sterol glycosides (range: up

- S o o to 3000 ppm) have high melting point
g ¥ & = o 4 (close to 200°C) but also high solubility

1 CICHIE 4] 40 S0 1.4 105
(RN Al Ly 0 13 a89

Source: Biorenewable Resources N°4

WP = clowd point; MO = monoplvecrides: 36 = sterol plucosides., ¢ | 5 ©
I ” Inform supplement Sept. 2007 ”D@@
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Blend calculation:

some background data

Kinematic ME factor

ol oo . Heat of
Fatty Acid | Fattyacid MO-W&| o oy pp(C) mhbarbp CSRNe oy Cetane NT viscosity at 2000 05900 Cornbustion
FAME N°. (IQT) 40°C
(kg-calimole)

{mm?/s)
g3:00 caprylic 168 24 - 184 33.6 HE R 0.000 1313
10:00 Capric 186.30 - 224 47.7 g8.0 172 0.000 1625
12:00 lauric 214 .35 5 266 TEB 61.4 849.1 243 0.000 1940
14:00 myristic 242 41 184 2H5 a1 66.2 HR & 3.30 0.000 2254
14 1w 273 i.066 2230
16:00 palmitic | 27046 a0.8 415-8 747 745 836 859 4.38 0.000 2550
18: 1w7 palmitoleic 45.0 51.0 367 90.0 221 0.950 2535
18:00 stearic 25851 349.1 442-3 747 86.9 82.1 101.0 5.85 0.000 2659
18 w3 oleic 206 49 =20 218 5 20 55.0 59.3 4.51 55.6 10.7 0.860 2828
18: 2wk linoleic 254 .48 -3a 215 20 36.0 38.2 3.65 46 1.2 1.732 2794
18:3wd linolenic | 292 .48 -57 108 0.018 28.0 3.14 55 0.5 2616 2750
20:00 arachidic 7.80 0.000 3765
20 1wd gadoleic | 352.60 - 221-5 82.0 577 57.2 13.0 0.785 3454
202wl 7570 J750
203wk 2 355 J750
204wk arachidanic .74 J750
203w 2 355 J750
22:00 behenic 0.000 24710
221wl Erucic 7.33 59.5 13.9 0.723 J4a(0)
24:00 lignocerc 0.000 37rh
22 Bwid DOHA 2168 J4a(0)
241wl nervonic 0art 2800

TFA (C18:n) 5.50

Data in italic defined by extrapolation
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Blends of SBO, RSO and PaOll

Prices 20 Sep 2007 $984 $1040 $828 $IMT  $/MT
SAFA+TFA| SBO RSO PaO | IV | CN Profit
_ 7.2 0 1015 O |116.2] 50.3 | 1056
Winter 8.0 34 975 07 |116.4|503|1053 3
9.0 86 908 22 |116.4|503|1048 8
10.0 138 842 38 |116.3|503|1042 14
12.0 243 708 68 |116.2| 502 (1032 24
14.0 347 574 99 |116.1]| 505 (1021 35
16.0 452 439 13.1 |116.0| 505 | 1010 46
Summer 19.0 610 23.7 17.7 |11590| 507|994 62
22.0 769 33 225 |1157| 508|978 78
25.0 722 0.0 308 |100.7| 521|965 o1
30.0 576 0.0 459 | 978|547 946 110

[4.2 parts SBO + 1 part palm oil] behave as RSO
Price benefit is moderate HD & @©
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Blend calculation (+oxidation stability)

_ _ spo  hooCanol - orhcine  Palmoil  Recyeled Oil
Fatty Acid | Fatty acid Meol. wt. FAME Soybean Rapg?;eeﬂ flower crude c:":c,G,, BLEHD
1 i
24 |TFA (C18:n) 0.2 0.2 0.2 04 4.0 2.1
25 =L r 299 999 291 29 6 " 1000 29 5
2F C1E+15+20 + TFA| 147 75 100 492 ZE 150 | SAFA+TFA=OK
27 FF&, Polymer content & refinery loss 20 15 15 a0 a0 3.3
28 Measured CM 45 2 s0.0 46 & B30 53.0
29 Measured IV 134.0 116.0 135.0 530 100.0
E&.‘:MT CIFFOEB Bdam {crude) 484 10440 1330 828 F00 | -151 % per MT hiodiesel
a1 Antioxidant factor 954 ar.a 236 G0.0 B0
32 Calculated CH 46.9 5.2 45.2 6.5 53.9 CH=0K
a3 Calculated Kinematic Viscosity 3.99 4.22 3.99 4. 44 Viscosity=0K
34 Calculated Heat of Combustion 2TT6 2815 2738 2692 100%%
35 Calculated IV 134.2 116.0 1346 521 IV = OK
36 0.5 (estimate)| 56— - B LT 05l = OK
37 ELEND 53.4 vs.RVIE
m':;':&{ o C16+18:20 SBO H:ﬂ?}f::::? SFOSun-  Palmoil Recycled Ol o o Solve
100) + TFA limit LT Sovhean oil flower crude G
35 minimized
34 100%% 15.0 -139.4 1 1 1 1
an This Light Blue  open for INPUT CHARNGE ‘ B
41 column is SOLYER values for CH, Hlnematlc viscosity, T=I.+TF.E. i
q4z maximized zet on ZERO hefore usmg SOLYER
d43 IMPUT: Copy Raww Material columns directly from "Raw Mateiral Input Data” wworksheet, or il
g

45 |%. 071004 DB
29/11/2007 18
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Blend calculation (+oxidation stability)

_ _ spo oo Lanold o cun- Palmoil  Recyeled Oil
Fatty Acid  Fatty acid Mol wit. FAME Soybican Rapg?;eeﬂ flower crude m,ﬁ BLEND
1 i
24 [ TFA (18100 0.2 0.2 0.2 04 4.0 nAa
25 =L r 299 299 291 29 6 " 1000 297
25 CAB+15+20 + TFA| 147 75 10.0 492 ZE 150 SAFA+TFA=OK
27 FF&, Polymer content & refinery loss 20 1.5 1.5 2.0 2.0 26
25 Meazured CH 45 2 s0.0 46 6 B30 530
29 Meazured IV 134.0 116.0 135.0 3.0 :
30 $maT CIFFOB R dam {crude) HE ) 104 1330 828 F00 -30 ¥ per MT biodiesel
31 Antioxidant factor 954 a7 236 G0.0 308
32 Calculated CH 46.9 50.2 46.2 6.5 CH=0K
33 Calculated Kinematic Viscosity 3.99 4,22 3.99 4. 44 Viscosity=0K
34 Caleulated Heat of Combustion 2TT6 2815 2788 2692 1%
35 Calculated IV 134.2 116.0 134.6 52.1 IV = 0K
36 .51, {estimate) 5.5 e EAy T 051 = OK
a7 ELEHD — 0.0 .7 11.1 v=.EME
m':;':&{ o C16+18:20 SBO H:ﬂ?}f::::? SFOSun- | Paimoil Recycled Ol o o Solve
100) + TFA limit Thi= cell i= BEEVUEE il flower crude G
35 minimized
39 100%% 15.0 -65.8 1 1 1 1
40 This Light Blue cpen for INPUT CHANGE | ‘
41 column is SOLVER values for CH, Kinematic viscosity, Te—t+TF & [
42 maximized zet on ZERO before using SOLVER
43 IMPUT: Copy Eavwe Material columns directly from "Raw bMateiral Input Data" worksheet, orir
dd
45 v, 071004 DB
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Biodiesel Cost Optimizer

O

O
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Biodiesel based on raw material blends can be much
more economic than pure RME or pure SME and still
comply with EN14214 or ASTM 6751

In summer conditions almost any raw material can be
used for FAME production

Using low cost components can generate significant
price benefits

Oxidation stability of the final product will affect raw
material choice (OSI can be corrected with antioxidants!)

In winter, CFPP or SAFA+TFA constraint will limit raw
material choice, but B2 or B30 allows plenty of flexibility;
special additives can generate required Oxidation and
Crystallization stability

Always: lowest cost blend of the day
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