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.- ATJ Process

* Alcohol To Jet (AT)) Overall ATJ-SPK process

process was developed Hydrogenation

by Swedish Biofuels (SB), Dehydration Oligomerisation &

patent of 2004 Ethanol Olefin Fractionation

, or — —  |50-0lefins =— ATJ-SPK

* First demonstrated for Isobutanol CyorC,

DARPA! in 2009 by SB in

Stockholm, Sweden
* ATJ-SPK certified at ASTM Overall ATJ-SKA process

during 2016 to 2018 at _

50:50 blend with fossil Dehydration Oligomerization Hy drog_e nation

jet fuel — no aromatics n-Olefins & Fractionation

Alcohols Olefins . .

* SBleading new ASTM (C,-Cs) —_— (C,-Cs) iso-Olefins ATJ-SKA

certification for 100 % (Cg-C16)

replacement of fossil jet Aromatics

fuel as ATJ-SKA ™ — (Ca-C..)

812

Hydrogenation
& Fractionation

includes aromatics Aromatization

" Alcohol to jet — synthetic kerosene with aromatics

! Defense Advance Research Projects Agency
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‘ Current scenario

1G ethanol production

1G ethanol from grain

£ T 5

Kerosene from crude oil

3

www.biofit-h2020.eu




«3d BIOFIT

Bioenergy Retrofits for Europe’s Industry

. Retrofit scenario

1G ethanol with integrated alcohol to jet production

 1G ethanol from grain (VERTEX)

* Sustainable aviation fuel using
alcohol to jet ATJ) technology
from Swedish Biofuels

*  Products

SAF (ATJ-SKA) 100 % replacement for
fossil jet fuel

Diesel — used locally or sold on market

Gasoline — used locally or sold on
market

s
O'O"=E

www.biofit-h2020.eu




Alternative scenario l'“ BIOFIT

Bioenergy Retrofits for Europe’s Industry

1G ethanol production

* 1G ethanol from grain

* Transport

* Sustainable aviation fuel using
alcohol to jet (ATJ) technology
from SWGdlSh BiOfuels ATJ production at the airport

* Products

SAF (ATJ-SKA) 100 % replacement for
fossil jet fuel

Diesel — used locally or sold on market

Q)
o,
0

Gasoline — used locally or sold on
market
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Ethanol production

Starch feedstock [ \

{wheat grain etc.)

Alcohol for
d DD drye aviation

Prehydrolysate Ethanol DDGS & C5

Stillage

Cellulosic ethanol add-on

Olige-
merization

Lignocellulosic
feedstock

Diesel
Naphtha

Pre- Enzymatic
treatment hydrolysis

Milling and

Filtration Beer column
cleaning

Distillation

Ethanecl production
Retrofit |feedstock)
Retrofit {praduct)
Products

By-products

NB. No additional hydrogen needed in SB ATJ process
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1400 - — -
— Baseline including fleet renewal
° Feedstock ava | Ia ble - 500 500 - Contribution of technology improvements
. o - Contribution of improved ATM and infrastructure use
Substantial 1G ethanol - - — :
. . o 400 ~ Contribution of SAFs
production worldwide = £1000 - :
) ] 3 300 = ~ Scenario: Low (4% SAF)
L ;
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- = y
a Vance_ loet a_no_ _8 200 S | Scenario: Intermediate (50% SAF)
production capacity in Europe S - . . .
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(@] —
e Large demand for SAF = E
100 % replacement of fossil jet 0 _ B 400 1
fuel needed — also reduces A‘jr‘ézﬂzzgnbf:tgiirt“" L
costs P pacity 200 -
m Current
. 0 L] L] Ll Ll Ll L) L] Ll L
m Under construction 2005 2010 2020 2030 2040 2050
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Data: ICAO
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.- Techno economic
assessment

®RR ®Cum.Cash ®NetCash

35%

30%

e Main economic result &
IRR" 30 %

25%
15

20%

 QOther considerations
Volatility of oil market

=
o

15%

10%

Recent increases in SAF price
Changes in feedstock costs

AMOUNT (M€)
w

5%

INTERNAL RATE OF RETURN

Stability of policy framework o

-5%

-10%

-10 -15%

"internal rate of return LT
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" P Environmental assessment

Scenario Emissions per MJ of fuel Saving compared to REDII (%)
(8C05e4/M))
Baseline Scenario 53.26 43.34
Current retrofit scenario based on 52.23 44.00

existing 1G bioethanol plant

Sustainable retrofit scenario 4,93 95.00

Current alternative scenario based 53.67 40.33
on existing 1G bioethanol plant

Sustainable alternative scenario 5.13 94.50

www.biofit-h2020.eu
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_pRisks

No. Risk Probability Consequence Total risk
1 =low, 1 = little,
=1 ‘ (1-16)
4 = high) 4 = severe)
1 AT) kerosene is not considered advanced biofuel when
utilizing maize-based ethanol, EtOH plant has to undergo 2 3,1 3,2 10,0
retrofits, (i) from 1G to advanced fuels, (ii) to ATJ adaption
4 Increasin rices for sustainable feedstock for ethanol
I. & Prl et 2,9 3,0 8,7
production
6 Unsupportive or only short-term policies frameworks lead to 57 39 86
changes in the market (e.g. green premiums) ’ ’ :
4,0
—mainly 1,4,6; out of 13 considered officfl .ofl offi off
g >0 c OE og ©°H
offl 2on
8., offi
1,0
1,0 2,0 3,0  PROBABILITY 4,0
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_pKPIS

e Swedish Biofuels AT)J
technology is GHG

emissions neutral Velns peles
. . KPI Current energy Sustainable energy
* Potential to achieve supply supply
: et Carbon dioxide
negative carbon emissions Equivalont Enmission » )
by integrating side streams Reduction of supply ’ :
. . chain and operation
* Swedish Biofuels ATJ-SKA
tech nOIOgy giVES d Increased efficiency of Not estimated Not estimated

resources consu mption

complete, 100 %,
replacement for fossil jet
fuel
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" ® Main learning

e Technical economic assessment — Revenue much higher than
investment

* Market assessment — Large demand for SAF and significant increase in

advanced bioethanol production, so feedstock availability not a
burden

* Sustainability assessment — ATJ plant is CO, neutral. Renewable
energy supplies are important for all stages of production

www.biofit-h2020.eu
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Thank you!

The sole responsibility for the content of this flyer lies with the authors. It does not necessarily reflect the
opinion of the European Union. Neither the INEA nor the European Commission are responsible for any use
that may be made of the information contained therein.
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* Main considerations relate to
* Green energy mix
* Transport distance

* Integrate

 Utility of side streams — e.g. biogenic carbon dioxide capture and use in ATJ-
SKA plant can lead to negative carbon emissions

e Standalone
* Flexibility
* Both work; circumstances dictate
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