February 23, 2021
EFI Virtual Forum

Fluidized bed Methanol to Gasoline .

A reliable and cost-effective solution for
production of renewable gasoline

——

| Dr. Fengrong Chen
Technical Sales Manager
Fengrong.Chen@ExxonMobil. COM



Agenda

MTG chemistry
ExxonMobil MTG development history
Fixed bed / fluid bed MTG process overview

Overall advantages of fluid bed vs. fixed bed MTG
Complexity and CAPEX
Operation reliability and OPEX
Product yields and quality stability
CO, footprint / Cl

Fluid bed MTG technology readiness and commercialization
Summary




MTG chemistry
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Theoretical Chemistry
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ExxonMobil MTG development history

Fixed bed:

v' MTG catalyst discovered in the early 1970’s

v MTG catalyst limits the synthesis reactionsto - 2 L
gasoline range hydrocarbons only (+ I

Fluid bed:

¢ Large Jolily Suepe v Mobil studied fluid bed MTG options in
H . S = \ / .
v Mobil studied fixed bed MTG options in pilot unit [RESEN-N Lo /,z 70's at 4BPD MeOH pilot plant scale
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v 100 B/D Fluid Bed MTG Unit was built in the early
1980’s in Germany

Demo unit v Was considered “Technically Ready”
‘ 100 BPD v No recycle

v New Zealand,14.5KBD MTG - 1985-1997 ;

v JAMG-1, Ching, 2.5KBD MTG S/U in 2009

v JAMG-2, China, 2016, 12.5KBD X 2 . | v EMand SEG Fluid Bed CDA (2014 -2017)

v Was considered “Technically Ready”
v With recycle
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Process overview

Fixed bed MTG

DME catalyst converts MeOH to a
mixture of MeOH, Di Methyl Ether, &

MeOH / Water
DME Rx Chemistry:é
2 CH;OR~ CH; - O - CHj; + H,0 + Heat
| - d
I MTG catalyst converts oxygenates to
water & gasoline.
MTG Rxs
| DME + MeOH — (CH,), + H,0 + Heat
Recycle
Gas
¥ » Fuel gas
.
—» LPG

Water

H20 yield =
56 wt % of MeOH feed

Hydrocarbons

Recovery
Towers

High rate of recycle gas helps to
cool the MTG reactors

Heavy
Gasoline
Treater
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» Gasoline

Each MTG reactor is
regenerated about every 20
days

Heavy gasoline treater isomerizes
durene to meets mogas specs.

Coke + 0, — CO,

Hydrocarbon yield = 44 wt % of MeOH feed

8'_'3

CH,; CH,
Durene
(freeze pt = 171°F)

~ 2% of final Mogas




Process overview

Reactor . ' -
Light Gasoline N Blendin Finished
Regenerator g 9 gasoline
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Cooler

Air—> Raw Gasoline
Methanol Heavy Gasoline Treated Gasoline
Splitter Treater Stabilizer
. Property of MTG gasoline Typical values

FEEdStOCk (tYPlcal) Octane number, RON 92 - 95
~4wt% water + ~96wt% Methanol Octane number, MON 82 -85
Aromatics, vol% 25-35
Olefins, vol% 10-14

Benzene, vol% <0.3

Durene, wt% <2

E)konMob“ Sulfur, mg/Kg <10

Final boiling point (FBP), deg C 200 - 210



Fluid bed vs. fixed bed MTG

Overall advantages

Compared to fixed bed MTG, fluid bed MTG demonstrates following advantages:

More efficient Higher operation Steady product Lower CO, footprint
CAPEX/OPEX reliability yields & quality and CI
* Single *  More efficient * Steady state « Lower CO,
reactor/regenerator quench operation mode emissions due to
«  Significant reduction *  Less switching of «  Catalyst lower energy
in equipment/piping reactors maintained in consumption
*  Less recycle gas «  Lower operating ste‘?dy active
state
* Better heat pressure
integration

ExxonMobil



Fixed bed vs. fluid bed

Complexity and CAPEX

Fixed bed
Recycle Gas
Heat Exchangers
(for a 14.5 kbd unit) Methanol DME

Raw Gasoline
to Recovery
Section

Water

Fixed Bed
DME reactor Required to provide partial conversion of methanol with DME catalyst
Reactor Multiple fixed beds
Complex control valve Extremely complex valve system (40+ Large Bore Motorized Valves for
system a 5 RXR system) used to manage steady state yields of multi reactors
Recycle gas compressor Require large recycle gas compressor to control heat

Fluid bed

Raw Gasoline
to Recovery
Section

Methanol

Fluid Bed
No need

Single fluid reactor & regenerator
Significantly simplified

Significantly reduced due to much lower recycle

Higher CAPEX of fixed bed due to multi bed reactors, large control valves, larger heat exchangers,

EXonMobil Iarger compressor etc.



Fixed bed vs fluid bed

OPEX / operation reliability

Operating pressure

Catalyst age monitoring

Gasoline yields & quality control

Heat integration

Stream factor

ExxonMobil

Fixed bed
~300psi

Require a rigorous programming and operation expertise
to manage each reactor’s catalyst age / cycle length to
determine the catalyst change

v Very complicated at managing the variability of product
yields & quality by monitoring sequencing /
regeneration of each reactor in multiple reactors

v Difficult to maintain the steady state yields & quality

Require very large heat exchangers for recycle gas quench
due to low gas/gas heat transfer

~91%

Fluid bed
~70psi

Easy to keep catalyst activity the same by
continuously adding make-ups

Stable product quality due to the steady state
mode

High pressure steam generation for much
efficient quench

Expected to be similar to
FCC unit

Higher OPEX of fixed bed due to higher operating pressure / larger recycle gas /

lower gas-gas heat transfer etc.

Lower operation reliability of fixed bed due to complicated catalyst age
monitoring, more switching, and higher operating pressure etc.



Fluid bed MTG technology readiness and commercialization

Technology readiness:

v" Reactor section
Based on very mature, refinery FCC technology

v Recovery and HGT section

Product recovery and HDT section commercially
demonstrated

v' Catalyst
ZSM-5 based fluid catalysts available from
ExxonMobil since 1990's

v’ Pilot plant experience
Mobil studied fluid bed MTG options at 4BPD MeOH
pilot plant scale (70's)

100 B/D MeOH Fluid Bed MTG Unit was built in
Germany (the early 1980’s)

EM and SEG Fluid Bed CDA at 4 BPD MeOH pilot
plant scale (2014 -2017)

Ex¢onMobil

Technology commercialization:

No commercial scale unit yet

Recent on-going pilot plant experience
paved the foundation for prospect
commercial scale units



Summary

ExxonMobil fluidized bed MTG technology could provide a
more reliable and cost-effective solution in supporting the production of
1) new low-carbon emission renewable fuels, and 2) fossil-derived fuels:

eFuel Biofuel Fossil-derived fuels

eH, and CO,-based MSW (municipal Natural gas-based feedstock

feedstock solid waste)-based Coal-based feedstock
feedstock

Biomass-based
feedstock

ExxonMobil
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©2020 ExxonMobil. ExxonMobil, the ExxonMobil logo, the interlocking “X” device and other product or service names used herein are trademarks of
ExxonMobil, unless indicated otherwise. This document may not be distributed, displayed, copied or altered without ExxonMobil’s prior written
authorization. To the extent ExxonMobil authorizes distributing, displaying and/or copying of this document, the user may do so only if the document is
unaltered and complete, including all of its headers, footers, disclaimers and other information. You may not copy this document to or reproduce it in
whole orin part on a website. ExxonMobil does not guarantee the typical (or other) values. Any data included herein is based upon analysis of
representative samples and not the actual product shipped. The information in this document relates only to the named product or materials when not in
combination with any other product or materials. We based the information on data believed to be reliable on the date compiled, but we do not represent,
warrant, or otherwise guarantee, expressly or impliedly, the merchantability, fitness for a particular purpose, freedom from patent

infringement, suitability, accuracy, reliability, or completeness of this information or the products, materials or processes described. The user is solely
responsible for all determinations regarding any use of material or product and any process in its territories of interest. We expressly disclaim liability for
any loss, damage or injury directly or indirectly suffered or incurred as a result of or related to anyone using or relying on any of the information in this
document. This document is not an endorsement of any non-ExxonMobil product or process, and we expressly disclaim any contrary implication. The
terms “we,” “our,” “ExxonMobil Chemical” and “ExxonMobil” are each used for convenience, and may include any one or more of ExxonMobil Chemical
Company, Exxon Mobil Corporation, or any affiliate either directly or indirectly stewarded.
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