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Fischer-Tropsch (FT) and associated product upgrading
by hydrocracking as a key process for sustainable
aviation fuels
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Fischer-Tropsch (FT) is at the heart of the Sasol Processes =330t :‘S
The GTL flow scheme
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Sasol has more than 50 years in integrating and developing FT technologies in GTL and CTL
Haldor Topsoe has been involved in synthesis gas generation for FT since the 90’s
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The GTL commercial reference LAinoR TorscE I SSSOL L

o

Sasol and Haldor Topsoe technologies successfully commercially used
to generate FT products

« ORYXGTL ~ 34000 bbl/day
« EGTL ~ 34000 bbl/day
« UzGTL ~ 37500 bbl/day under construction

Imac_;es courtesy of ORYX GTL
3
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Potential products from a Fischer-Tropsch (FT) based S3SOL :}::

process
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Benefits of Synthetic Paraffinic Kerosene (SPK) - 1
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#
Benefits of Synthetic Paraffinic Kerosene (SPK) - 2 SasoL :f

Overall Engine Efficiency vs. Power Output HALDOR TopsoE M
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Data taken from Bester & Yates, GT 2009 - 6033 Jet Fuel Thermal Odeatlon Tester

Additional benefits:
High H/C ratio ensures a more efficient and

Rk

13333333833 3“3\ \‘\ \\ - cleaner-burning combustion environment —
| also observed reduction in contrail formation
(ECLIF)

High thermal stability as shown by JFTOT
break points
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Product upgrading Tt :}::
What treatment is necessary to obtain Kerosene from FT
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e
Product upgrading HALDOR TORSOE (@ SASOL Jyw

Topsoe hydroprocessing technologies for renewable jet

e FT upgrader technology for jet from e Hydroflex™ technology for renewable jet
o Feedstock flexibility:

« Paper mill by-products (tall oil)
» Vegetable oils (soy oil, rapeseed aill,

e 1In 2011, SPK produced with Topsoe HC used cooking oils)

technology was successfully used in a * Animal fats
commercial flight * Wood liquefication products

e Feedstock availability may be limited in
certain areas

* Natural gas
* Municipal waste
* Biomass/biogas

Co LTFT - Low Temperature
Fischer-Tropsch

il Tl

SYNNESIS GaS ey |||l [ el | Kerosene

generation
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Product upgrading

Renewable jet production

FT / Renewable produced jet feedstock
consists of n-paraffins / triglycerides

Increased H2 consumption

Critical product specifications

e Freeze point (max -40°C)
 isomerization of n-paraffins

e End point reduction (max 300°C)
 cracking of heavy molecules
« oxygen removal

e Aromatics (max 0.5 wt.% in SPK)
« formed on cracking catalyst

e Final jet blend aromatics:
e mMin 8 vol%

X

HALDOR TOorsoE M S3SOL g

iso-paraffins
Carbon number

, M Products
‘ iy “"WM'“H
47 My

iso-paraffins

Carbon number
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Products from th.e Low Temperature Fischer-Tropsch™ p— :_":
Reactor and straight run destination

Overlap

LPG
Naphtha
Kerosene

Weight fraction (wt-%)

hydroisomerised to Diesel,
Kerosene and Naphtha

Hydrocracked /

Carbon number (#)

—FT wax FT cond

11
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Sasol Low Temperature Fischer Tropsch (LTFT)™ ——— &
Process :f

Co LTFT - Low Temperature HALDOR TORSOE (@
Fischer-Tropsch

Synthesis Gas can
originate from
multiple potential ﬁ

feedstocks

e | l Kerosene

Sasol’s FT technology can process
synthesis gas generated from multiple
sources if the syngas is
 sufficiently low in poisons,
some cases may require
cleanup steps
 In the appropriate H,/CO
ratio range, some cases may
require adjustment

Copyright ©, 2019, Sasol and Haldor Topsoe

12


https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091

. . Lt
Synthesis gas generation SasoL :f

HALDOR TORSOE M

SASOL LOW TEMPERATURE
FISCHER-TROPSCH™ REACTOR

NATURAL GAS o ;{*’.

-

GTL PRODUCTS

v lﬂ"np
([N [ .

(i

HALDOR TorsoE M

SYNTHESIS GAS

PRODUCT UPGRADING
HALDOR TORSOE M
Synthesis gas
generation

13
Copyright ©, 2019, Sasol and Haldor Topsoe


https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&ved=0ahUKEwi_1duRqJnTAhWD0xQKHa0rBvUQjRwIBw&url=https://stateofgreen.com/en/profiles/haldor-topsoe&psig=AFQjCNF_oeiVrCBw1ie9qBFCTIJWWOD9BA&ust=1491893934350091

Green syngas & H2 generation

Topsoe eSMR technology

Novel electrical steam methane reforming
technology

Significant power consumption reduction vs.
electrolysis

Topsoe Re-Shift™ technology

CO, reforming to CO rich syngas

¥

Novel green syngas and H, generation for FT
technology and product upgrading

eSMR demonstration plant employed to
produce Biogas to MeOH (DK)

e

SasoL .&‘b

HALDOR TOrsoE M

Electric reformer

0.28 CH, (-33%)

!

0.02 CO, *
(-95%)

1H,+0.25 CO,

Copyright ©, 2019, Sasol and Haldor Topsoe
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Together Sasol and Haldor Topsoe can supply ad
technologies to produce kerosene from a multitude of Sl
feedstocks

HALDOR TORSOE M

Low Temperature
Fischer-Tropsch™
Process

SasoLu ::;

Kerosene

PR [[ S—-—
([N [[ ™

T

: Product Upgrading

HALDOR TORSOE (M

Synthesis gas
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e
Catalysts HALDOR Torsoe M SasoL o

® Sasol and Haldor Topsoe have extensive expertise in catalytic systems and supply
catalyst into developing technology spaces
« Syngas generation (Syncor ™, steam reforming) by Haldor Topsoe
« Hydrogen production (Syncor™ | steam reforming) by Haldor Topsoe
* Fischer Tropsch (Low Temperature) by Sasol

* Refining including refining of biofeedstocks (Hydrocracking, Hydroflex™) by Haldor
Topsoe

Sasol LTFT microreactors for catalyst TEM microscope at Topsoe R&D for
testing in-situ studies
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GTL Kerosene SasoL :,g

Sasol history with synthetic aviation fuel

®* Synthetic aviation fuels have been a feature of South African aviation for many years
in terms of a performance and reduced emissions

* GTL kerosene has the potential to surpass anything so far achieved
 GTL kerosene has been approved for use up to 50% as blend stock

e In September 2010, the world’s first commercial flight
using Sasol’s fully synthetic jet fuel took to the sky. A
Boeing 737 flew from Lanseria, Gauteng to the Africa
Aerospace and Defence expo at Ysterplaat, Western
Cape and back to Lanseria

e Sasol was the first company to:

« Gain international approval for semi-synthetic jet fuel
* Supply semi-synthetic jet fuel for commercial use
» Gain approval for fully synthetic jet fuel

The first passenger flight in
September 2010 using fully qualified
and endorsed Sasol synthetic jet fuel
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