/0
AXxens

P/ Group lechnologies

”‘

Ethanol and Ether Derivatives
IN Gasoline Pool

o

BBl Xavier LIEGE, Ph.D
-—




Agenda

= Market and Spec Development: Requirements for
Oxygenates Octane Boosters

= Ether/ETBE as Oxygenate of Choice

= Bio-ETBE Already a Reality with Axens Technology

[ J

// . ;

Axens —
P/ Group Technologies

LKMT — AXENS - October, 14th 2017 2



Agenda

= Market and Spec Development: Requirements for
Oxygenates Octane Boosters

Axéi'%s ————————————

e LKMT — AXENS — October, 14th 2017 3



What 1s the situation in 2017 in India?

AAGR for MTBE
consumption

expected at 5%/yr In
India 2016-2021

New motor fuel
specifications BS IV
and VI

India I1s a leader for
the production of
sugar = raw material
for 1G ethanol is
available

Several 2G Ethanol
projects from ligno-
cellulosic biomass
announced in 2017
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Upgrade Gasoline to Euro V/VI or BS VI.
Same Hard Challenge

Euro V

Euro IV
Euro VI

RON, min. 95 95 (1) 91-95 91-95
MON, min. 85 85 (1) 81-85 81-85

Aromatics, vol%, max. 35 35 35 35

Olefins , vol%, max. 18 18 18-21 18-21

Benzene, vol%, max. 1.0 1.0 1.0 1.0

Oxygen, wt%, max. 2.7 2.713.7 2.7 2.7

Sulfur, ppm, max. 50 10 50 10
RVP, kPa 60/ 70 60/ 70 60 60
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Typical BS Il / BS IV Gasoline Pool
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Market and Environmental Challenges

Reduce
dependence
on fossil fuels

Reduce crude
oll Imports

More
challenging

Reduce e
environmental

Impact Use of
4l oxygenates

as octane
boosters

gasoline
specifications
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Oxygenates: Which One to Choose ?

Alcohols Ethers

Octane Boosters
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= Ether/ETBE as Oxygenate of Choice
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Why Ethers are so Attractive?

Iso-Olefin Alcohol Ether
_ Methanol MTBE
4= Ethanol ETBE

ano
+ -
. Methanol TAME
|- f—
Ethanol TAEE

Olefins Valorization of
Oct?gdeuli?i%shter converted in alcohols in
P ethers gasoline pool

Olefins-to-ethers
shift

Gasoline
RVP
decrease

lefin
up to re%ﬁctign Increase
gasoline

RO In gasoline iald
MON = 98 pool yie
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LKMT — AXENS — October, 14th 2017 10

P/ Group Technologies




Direct bio-EtOH Blending vs bio-ETBE

Direct
Ethanol ETBE
Blending
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Direct bio-EtOH Blending vs bio-ETBE

o
Axens
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Direct
Ethanol
Blending

RvVP Constraints

ETBE

RVP Decrease

~
o

Vapour pressure (kPa)
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Direct bio-EtOH Blending vs bio-ETBE

Direct
Ethanol ETBE
Blending

* Higher water
tolerance 2>
driveability issues

« Water demixion -

containing

virtually all the
water, most of the
ethanol

e ————————————
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Direct bio-EtOH Blending vs bio-ETBE

Direct
Ethanol ETBE
Blending

e Separate storage
* Blending done at
terminal

» Higher water
tolerance -
drivebility issues

 Water demixion

-> containing

virtually all the

water, most of
the ethanol
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Direct bio-EtOH Blending vs bio-ETBE

Direct
Ethanol ETBE
Blending

Allows more
C4s direct
Incorporation

Bio-ETBE is usually preferred thanks to better compatibility
In gasoline pool
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Oxygenates: Which One to Choose?

Alcohols Ethers

: Using Bio-EtOH via
Bio-ETBE is the

| ! . preferred choice |
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Ether Ban — Something to Fear?

t

Ithaers acceNgEuEeERFn (ending co‘/ 3_nent in moStRaG

rrexcept U ‘ 3

Qﬂgg'lrstég&!mg ty al at aJngnQ? napv!iryug l@ different grades or regions/cities. * - #

o (5a5/C0al-Das eUAetIEHFTb S0l femhmemno|

No usage Gasoline MTBE Limits” on regulatory limits. Detailed information on

w-ual designs MIBEIETBE BT6HESEG Y Axens

ratas Advisors, March 201
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= Bio-ETBE Already a Reality with Axens Technology
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Ethanol Value Chain — Axens’ Portfolio

@

Isobutenes
Y
C ETBE Prnnnnns
Futurol™ - ETHERIFICATION
ENZYMATIC CONVERSION
Lignocellulosic ¢
Biomass
: : :  Octane Booster
> E for Gasoline Pool
i Ethanol
: e Atol™
1G FERMENTATION b : ALCOHOL TO OLEFINS
{ BioButterfly™ Project |p.
ALCOHOL TO OLEFINS
Butadiene
e —————————
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Axens’ ETBE Experience

= Axens/IFPEN pioneered bio-ETBE production

* First pilot testing of MTBE production in late 60s
* First pilot testing of bio-ETBE production in early 80s

* First industrial production of bio-ETBE and bio-TAEE in 1990 in
France

* First basic design reference in 1993

e —————
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Axens’ ETBE Experience

= Accumulated know-how
* Kinetic & thermodynamic equilibrium simulation tools
* Analytical expertise and analysis methods

- Database of analyses of Ethanols
» Feedstock type (sugar cane, wheat, ...), region of sourcing, 1G vs 2G...

e ——————————
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Axens’ ETBE Experience

= Axens has a strong expertise in bio-ETBE:

* Grass Root references :
» 1 ETBE
» 4 MTBE/ETBE (dual modes)

* Revamp references :
» 3 MTBE adapted to ETBE
» 3ETBE revamped (capacity increase, feed quality change)

= Axens can design etherification unit in order to be
ready for switching between MTBE and ETBE modes:
« Face market demand
* Anticipate new legislations

e —————
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Axens’ ETBE Key Features

Robust and Simple design ...

Outlets

= Liquid phase
reaction section,

= Easy

loading/unloading

Expanded bed technology . = Axens in-house

= Flexibility,

Intrinsic Catacol™
* no hotspot, flexibility = Conversion > 99%
= high selectivity if required
(petro
compatible)

... for high performances and very long on-stream time

e ———————————————
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Axens ETBE Key Features: Simple and Robust

= Standard refinery need configuration

Reactive Water Washing  EtOH/H,O

Main ctillati
Distillation
Reactor Column Column Column 6
C4

Raffinate

Expanded bed
technology

=  Flexibility,

= No hot spot,

High selectivity

EtOH 9
»
C4 9 EtOH Recycle ETBE
Feed
/7 s ——
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Axens ETBE Key Features: Simple and Robust

= Standard refinery need configuration

Catacol™
Main Reactive  \ater Was catalytic
Distillation .. )
Colu distillation
Reactor Column ;
S et

PR

S
S N

)

N

EtOH

ca @—- ¢

EtOH Recycle
Feed
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Catacol™ Catalyst Loading

= Lift and pour
* Simplicity
* Rapidity

= No proprietary catalyst
packing system

@
Axens
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Axens ETBE Key Features: Simple and Robust

= Standard refinery need configuration

Main Regcti\_/e Water Washing EtOH / H,0
Distillation Column col
Reactor Column olumn 8

C4
Raffinate

)

= No proprietary catalyst
» Dual MTBE/ETBE
design possible

EtOH

Ca 9 ) EtOH Recycle
Feed

Axens
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Ethers Success with Axens

Last MTBE Start-Ups
61 Eemeriicaion References * Dec 2015 and July 2016
 All guarantees met

106 references 1IN 5 last years - Smooth start-ups

315 kta
i 495 kta 6 units 2'703 kta
Last Ethers licence award S 4o ktaI oo
» MTBE/Butene-1 Complex in India 12 ka2 U™ 504 kta
CIS 8 units

. 2 t
- Award after open competition 237 Uy

7 units

: Europe
betw_een all major technology ,-, s M,dd|e
providers 4 units East
. ) ) . 170 kta
Revamp of TAME into TAEE In Americas 3units  China
Kazakhstan Asia Pacific
MTBE/ETBE TAME/TAEE
Axens
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Conclusions

= I[ndiais at a cross-road with new motor
fuel specifications and Booming Bio-
Ethanol supply

= Using Bio-EtOH via Bio-ETBE Is the
preferred choice 6

Axens as a Global Technology Licensor
for gasoline pool solution is ready to bring ETBE
and Ethanol technologies in India

Axgrs —
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