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" STATE OF THE ART . STANDARDS

« ASTM D1655: Standard specification for
aviation turbine fuels (2009).

« DEF STAN 91-91 Specification for air
turbine fuel (Jet Al)

« ASTM D 4054 Standard Practice for
Qualification and Approval of New

Aviation Turbine Fuels and Fuel
Additives (2009).

« ASTM D 7566: Standard specification
for aviation turbine fuel containing
synthesized hydrocarbons (2011).
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Potential drop in fuel / fuel blend

Fuel specification properties i
N (Def Stan % ll-zgs?m ASTM Effoct? Negative impact Non-drop in fuel
Fit for purpose properties /
| No effect

|

Further testing

Hot end materials, component
testing, Effect?

full engine tests if required

No Effect

Incorporated into Spec‘i fication Appmva] process thmugh
Authorities, Airlines and OEMs
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Palm Qils to HRJ Fuel (LUC P3)
Soy Oil to HRJ Fuel (LUC S3)
Soy Oil to HRJ Fuel (LUC S2)

Coal to F-T Fuel (w/o CCS)

Palm Qils to HRJ Fuel (LUC P2)

Qil Shale to Jet Fuel
Soy Qil to HRJ Fuel (LUC S1) )
Oil Sands to Jet Fuel " Biomass Credit
Natural Gas to F-T Fuel ® Recovery
Coal to F-T Fuel (w/ CCS) ® Processing
Crude to ULS Jet Fuel =
Crude to Conventional Jet Fuel & ;r:nsl poﬂamn i
Coal and Biomass to F-T Jet Fuel
Algae Oil to HRJ Fuel WTT N20
Soy Oil to HRJ Fuel (LUC S0) B WTT CH2
Jatropha to HRJ Fuel ® Land Use Change
Palm Oils to HRJ Fuel (LUC P1)
Palm Oils to HRJ Fuel (LUC P0)
Biomass to F-T Fuel

=250

Soy oil to HR1J fuel Palm oil to HR1T fuel

LUC SO No land use change LUC PO No land use change
LUC S1 Grass land conversion to soybean LUC P1 Logged over forest conversion to

field palm plantation field

LUC 82 Worldwide conversion of non-crop LUC P2 Tropical rainforest conversion to
land palm plantation field

LUCS3 Tropical ramforest conversion to LuC P3 Peatland rainforest conversion to

soybean field palm plantation field
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“Ingeniamos el futuro”

Stirrer

e T=60°C

e Stirring 600 rpm.
Cooling * Reaction time=2 h.

* 6:1 methanol / oil mol/mol

Thermocouple

* 1% w/w Sodium Methoxide (Catalyst)
type K

*Dry wash (Magnesol D60)
Batch reactor

PID Controller

Heating
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Melhyl caprylate C8:0
Melhyl caprate C 10:0
Methyl laurate C 12:0
Methyl myristate C14:0
Methyl palmitate C16:0
Methyl stearate C 18:0
Methyl oleate C 18:1
Methyl linoleate C18:2

W -

8.3
3.0
55.5
14.9
6.4
2.5
7.5
1.9

—Babassu
TFAME

—

Traces
Traces
56.6
15.0
8.5
1.7
17.1
1.1

Distillation. (Labscale)

Coconut FAME Palm Kernel FAME Babassu FAME

3.9
3.3
20.9
31.3
18.0
5.5
12.5
0.2

Universidad Politécnica de Madrid

CBK PBK BBK
o _ 17.3 3.6 13.3
Distillation 70 35 113
. 66.7 90.8 69.3
2.67hPa 89 21 5.6
0.1 0.6
Feedstock Sta':;'c";"t* (’?_,Er) E"d(:: ;"t* ('?_,Er)
Coconut CBK 100 47 273 114 | 349
Palm kernel PBK 100 35 259 113 348
Babassu BEK 100 47 273 124 | 359
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M Distillation. Upscale modelling

Design usual specifications: PRO/II
Feed (100 kg/h)
Coconut FAME.:
LKC: (C12:0).- bottom stream 5 kg/h
HKC: (C16:0).- distillate stream 0.1 kg/h
Palm kernel FAME:
LKC: (C12:0).- bottom stream 16 kg/h
HKC: (C16:0).- distillate stream 0.01 kg/h
Babassu FAME:
LKC: (C14:0).- bottom stream 15 kg/h
HKC: (C16:0).- distillate stream 0.6 kg/h

Vacuum pressure: 2 torr ( 2.67 hPa)

Total condenser
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M Distillation. Upscale modelling

Design additional specifications:

Coconut Palm Kernel Babassu
Minimum Reflux 0.02351 0.07916 0.0963

z=R/Rmin 2.5 2 1.75
Reflux® 0.05878 0.1583  0.1685
Reflux” 0.0742 0.1804  0.12

Number of stages 8 9 8

Feed stage 7 8 6

a Shortcut method b Distillation Method
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M Distillation. Upscale modelling
Distillation

Coconut Palm Kernel Babassu
Distillate temperature (°C) 108.35 105.96 80.9
Bottom temperature (°C) 148.13 130.88 144.19
Column diameter (mm) 610 610 610
Tray Spacing (mm) 610 609 610



CAMPUS Universidad Polit
DE EXCELENCIA

POLITECNICA INTERNACIONAL . ] .
“Ingeniamos el futuro” DI S tl I I at I 0 n

=

Composicion masica, %t
B 8 & & 8

Composicion masica, %amt

—
=]

60
45
40
35
30
25
20
15
10

5

0

(=}

30 C100 C120 C140 C1860 C180 C181 C182 Cé0 C10:0 C120 C140 C160 C180 C181 Cr82

mUamas A etal, 2012 mMétodo Distilation PROI Wliamas A etal, 2012 WMétodo Distilation PROMI
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“Ingeniamos el futuro

Heating Value

Babassu BK_O BK_5 BK_10 BK_20 BK_100
JETA1_100 JETA 95 JETA1 90 JETA1 80 JETA1 0
LHV * 42.9 43.12 42.74 42.04 34.93
LHV (ASTM D 4809) 42.93 43.14 42.76 42.07 34.96
HHV* 46.04 45.95 45.54 44.75 37.41
Palm Kernel
LHV * 42.9 42.64 42.18 41.19 34.89
LHV (ASTM D 4809) 42.93 42.66 42.21 41.22 34.92
HHV* 46.04 45.68 45.17 44.21 37.57
Coconut
LHV * 42.9 35.06
LHV (ASTM D 4809) 42.93 35.09
HHV* 46.04 37.66

LHV (net, 25 °C) = HHV (gross, 25 °C) —213.65H-0.77 O
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T Fuel Characterization
Density
BK_O BK_5 BK_10 BK_ 20 BK_100
Density at 15 °C, kg/m> JET A1_100 JETA 95 JET A1 90 JET A1 _80 JETAL1 0
Babassu 791 804 807.7 814.9 874.5
Palm Kernel 791 802.3 805.5 811.8

BKO BKS5 BK10 BK 20 Bk 100

Energy Density, GJ/ m> JET A 100 JET A1_95 JET A1 90 JET A1 80 JETA1 O
Babassu 33.93 34.67 34.52 34.26 30.55
Palm kernel 33.94 34.21 33.98 33.44

FT-SPK, LHV = 44.2 MJ/kg, d = 759 kg/m?3 and ED = 33.55 GJ/m?3;
HEFA, LHV = 44.3 MJ/kg, d = 770 kg/m3 and ED = 34.11 GJ/m?
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Fuel Characterization

“Ingeniamos el futuro”

Freezing point

50 0 0.05 0.1 0.15 0.2

45
-50 /- 2 = Freezing point (°C), ASTM2386
55 / —4— Freezing point (°C), DSC

—4&— Melting point (°C), DSC

Volume fraction of palm-kemel biokerosene in kerosene (V/V)
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“Ingeniamos el futuro”

Lubricity: HF RR  And Flash point
max. 0,85 mm min 38 °C

HF RR

® CBK/ Kerosene

MWSD (um)
o
w

0 0.1 0.2 0.3 0.4 CBOKSV/V 0.6 0.7 0.8 0.9 1
Flash point BK_O BK 5 BK_10 BK_20

JETA1_100 JETA 95 JETA1 90 JET A1 80
Palm Kernel 43 43.5 45 45.5
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Oxygen Extended Sooting Index

[ m p)
CH.O "4 2
1 1
OESI =a +b
N "M P Sp
\ y,
30.00
OESI=43.588(n+m/4-p/2)/SP-5.7177
R?=0.9949
25.00 /]\
20.00 60% iso-octane
95% iso-octane 40% toluene

~ 15.00 S%toluene 75% iso-octane
o 0
@) iso-octane J ‘\ 25% toluene

10.00 85% iso-octane

15% toluene
500 90% iso-octane
10% toluene
0.00
0.2 03 0.4 0.5 0.6 0.7 0.8

(n+m/4-p/2)/SP
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Fuel Characterization
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- ¥ = BBK/K2 blends
| = & = PBK/K2 blends
- % = CBK/K2 blends
- & = CAM/KZ blends
= O = LIN/K2Z blends

0.05 01 0.15 0.2
Volume fraction of biokerosene in kerosene (V/V)

gc 16



E CAMPUS

DE EXCELENCIA

POLITECNICA INTERNACIONAL

“Ingeniamos el futuro”

Every 20 % v/v sample: class 1la

Tested at 50 °C
90 days

Universidad Politécnica de Madrid

Fuel compatibility tests.

A0 mm

[Toma 0BBK20

{
| ll i I

|

| ‘\
| ||
‘ | |
|

Ml
A

>
i W

3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Babassu 20 % Jet A1 80 %
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Conclussions

- FAME From three different vegetable oils have been
produced and distillated, obtaining a low carbon number
blend.

- A simulation of an industrial distillation has been carried
out, leading to the design of possible distillation columns.

- Although some of the blends do not meet the LHV, they
are close to the lower limit and have greater density.

- The fuel blends do meet the flash point specification. And
some of them meet the freezing point to.
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R CIONAL Conclussions

“Ingeniamos el futur

- The blends show a lower tendency in soot formation.

- Every 20 % v/v blend met the copper strip corrosion
specification.

- Land use, concurrence with food production for such
crops and price are still an issue. However, some coconut
crops do not interfere in food markets, neither do esters
from SCO processing and low carbon number esters
blends could be reconsidered.
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Distillation

“Ingeniamos el futuro”

50
45
40
35
30
25
20

n

Composicion masica, %t

—
L= =]

Composicion masica, Yt

=

csd0 C100 C120 C140 C160 C180 C181 C182 c80 C100 C120 C140 C160 C180 C181 (€182

Metil esteres Metil esteres
WlUamas A. et al, 2012 @ Método Distillation PRO/ Bllamas A, et al, 2012 mMetcdo Distilation PROAN
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“Ingeniamos el futuro” DI S tl I I at I 0 n

=

40
35
30
25
20

B8 & g 3
&

Composicion masica, %t

—_
=

Composicion masica, Yast

—
(=]

=
L]

1 I B .

cao C10:0 C120 C140 C16:0 C18:0 C181 C182 C183

Metil esteres
Emllamas A.etal, 2012 W Método Distilation PROVI

< e

cad0 C10:0 C120 C140 C160 C180 cC181 C182 C183
Metil esteres
BLlamas A et al, 2012 B Mé&todo Distillation PRO/I

gc 22



	Blends of Babassu, Palm Kernel and Coconut FAME with Fossil Kerosene. �Technical Aspects of Low Carbon Number Methyl Esters as a Possible Source for Renewable Jet Fuel.
	Index
	STATE OF THE ART . STANDARDS
	STATE OF THE ART . STANDARDS
	State of the art. 
	Transesterification
	Distillation. (Labscale)
	Distillation. Upscale modelling
	Distillation. Upscale modelling
	Distillation. Upscale modelling
	Distillation
	Fuel Characterization
	Fuel Characterization
	Fuel Characterization
	Fuel Characterization
	Fuel Characterization
	Fuel Characterization
	Fuel compatibility tests.
	Conclussions
	Conclussions
	Número de diapositiva 21
	Distillation
	Distillation

