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HISTORY

« The Methanol Institute (MI) formed in 1989 to represent US
methanol producers in Washington

Singapore | Washington | Brussels | Beijing
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« 20174 £BK75007 MEREEHZE S, REIRAMKELR A &EE40% Out of the ~75
million metric tons of methanol sold globally in 2017, energy and fuel uses
represent 40% of total demand

« M2009-2017, EIZREMRHEEFIIHEIRL123% From 2009-2017, direct
methanol fuel blending has increased at an annual rate of nearly 23%

H?RTECHNOLOGIES
SI & Cl engines s AR
[E#R & BhHL

+ Turbines BAS4EH1

» Fuel cells BAR}EEth

+ Industrial boilers TMl4®
o

« Cook Stoves R &

A4 SEGMENTS
« Road & non-road transportation i& 2&F13F 18 & N F

« Power & heat generation % A4}
« Marine #&fA
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2016 vs 2021

3.1
6.7 @
@ 10.9

e o

. 2016 methanol capacity (115 MMT)

. 2016 mathanol production (74 MMT)
incl. nameplate oparating rate (65%)

¥ Regional capacdity in
million metric tons

(3 X

. 2021 mathanol capacity (135 MMT)

2021 methanol production (97 MMT)
incl. nameplate operating rata (729%)

# Regional capacity in million
metric tons

Source: IHS Markit, 2016
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Global

Methanol Industry keep
growing

CHINA

Largest producer &
consumer and slowed
capacity increase but
increased operating rate

ME

Important
methanol producer and
future growth

US

capability increase




FEIEBAE REDUCED CARBON INITIATIVES

; 0.14 tons CO: YR ANERS (S
# ‘g ‘ Efficient Economic Ln::zr;z}:nt

Electricity Electricity

v
Syngas -
NG mix Syngas
Heat
Natural Gas Gas-Heated Auto-Thermal Gas Methanol Methanaol
Reformer Reformer Compression Synthesis

Advanced reformer utilizes CO, from combustion in the synthesis
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CO, Recovery & Utilization

QAFAC Utilization of Recovered CO,

Hg Removal
Vessel

Intel

Compression

Feed Preparation

Flue Gas

-

Natural Gas > A T N
From QP-NGL &* q :
Metering ! " COR
Station 4 -
Hydrodesulturization Saturator Steam Reformer an
Fuel Gas
N Waste Heat Section
Methanol
Synthesis Fuel Gas o~ De Saturator !
Reformed Gas
Synthesis Gas
MeCH
Catch Pot A
Recirculator Syn Gas Steam
Compressor Compressor Condensate
Crude Crude MeOH __/ Reforming
Tank ARC Convertor v
02 Gas
Check Tanks
l—} Flare
MeOH Pure
Heavy End I
s . MeOH » To Export
A -
== Fuse Oil
Light End =7 Product L p ToMTBE
Column » Slop Storage
Tank Tanks
Water Y
Distillation MeOH Storage Tanks » To QAFCO
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500 MTPD of CO2 is recovered from the flue
gas using MHI’s proprietary KS—1™ solvent
and injected in synthesis loop for boosting
Methanol production.

The capacity of Methanol Plant has increased
by 300 MTPD with addition of CO2 in
synthesis gas mixture as excess H2 is
available for the methanol reaction.

Thus, QAFAC’s Methanol Plant became Self-
sufficient for raw material (CO2).

CO, extraction from Flue Gas
by CDR route & Injection in
Methanol Plant

Excess H, in
Reformed Gas

MeOH
Production
Increase




B4 72 RENEWABLE PATHWAYS

©

(Renewable)
Electricity

il
D

v

Renawable methanol
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A B4 A EE A B B & fR M EX
Renewable methanol projects different
stages of development

Methanol category# |Commercial Feasibility and R&D Stopped or On-hold
rdl i AT & L EIE

Bio-methanol BioMCN (NL) * Biogo (GER) BioMCN (glycerine) (NL)
4 i B ES Enerkem (CAN) * Enerkem (NL) Chemrec (SE)

* New Fuel (DEN) * LowLands Methanol (NL) - Range Fuels (USA)

* Oberon (USA) + Sodra (SE) » Schwarze Pumpe (GER)

* Varmlands Metanol (SE)
* Woodspirit (NL)

Renewable methanol * CRI (lCz ) . Blue(Fue)l Energy (CAN)
& * Innogy (GER « CRI(CN
LR * Infraserv (GER)
* Liquid Wind (SE)
» Port of Antwerp (BE)
+ STEAG (GER)
» Swiss Liquid Future (CH)
+ ZASt (GER)

Low carbon * GPIC (BAH) » Carbon2Chem (GER)
methanol * Methanex (CAN) * FRESME (SE)
{KEREHEE * QAFAC (QAT) « NCF (CN)

. SABIC (KSA)
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CRI ETL
CRI ETL Green MeOH Plant

|

2 N e . ¥ : F ISCClPlus I I '
AR SHEe UET3:SGS

¥ &: 6000 J5¥}: co2
ggﬁi: 4000 %/i BEVR: ARA=P 5T mT FAE REUR
BIEAREL: 6 JKE, 77 Vulcanol, B 5FMIF90%CO2
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Global Methanol Fuel Blending
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PRACTICAL LIQUID FUEL
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Methanol Fuel Buckets EEE A = O iE

Bucket #1: M3-M15 Z£—H#H: M3-M15
EU allows M3 i 25 72 15 M3 AR
China using M15 = [Z/{5# I M151A%:

Bucket #2: Mixed Mid-Level Alcohol High Octane

Fuels: A20-A30

ERHE: BEPFLOIEERNSEREME : A20-A30
Automakers calling for more octane to facilitate
greater engine efficiency ;5Z=Hl & EIFHE === E L
1853 & TR

Bucket #3: M51-M100 £ = H#i: M51-M100
Light- and Heavy-Duty markets %% #!-Z AU 1 221 17
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Mid-Level Mixed Alcohol High Octane
Fuels ;Eéﬂ%ttﬁm;%éﬂ'].—&k*ﬁﬁﬂ

e Methanol.and ethanol have high blending octane
(ant? nocklngsj J J

HEMZERNAASERE (UERRMEEE)

MID HIGH
: _ REGUL'AR GRADE OGTANE
* Increasing octane allows automakers to use: UNLEADED UNLEADED BLEND

EEFRETILAEFIERER:

» Higher compression ratio engines
E45tE E SR & B

» Greater turbocharging =
AR RAEIGE

« More direct fuel injection
5 H AV PAH IS

» Engine downsizing

INEUME R & B

METHANOL
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RENEYRELE
UK BioMethanol Blending

o RERZEE: ATHERBRERER
5-2018%F2H1H UK Department of

Transport: Renewable Transport Fuel
Obligation Report — 1 February 2018

Volume of renewable fuels, by fuel type* (table RTFQO 05)

- S5T00RHEYHREE, AHXERATH
H R 2 E2/94% Biomethanol 57
Million liters, or 4% of UK total
renewable fuel use

o “SEJLEEHEHIEREZMHE N R4,
2016/2017TEE L ERIESE “The

supply of biomethanol has been
Increasing in recent years to an all-
time high in 2016/2017”
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&5 6 REz A L &

( Serenergy, OK and Hamag ) F T
XN By BE EREZ AR N In Denmark the
Green Methanol Infrastructure
consortium (Serenergy, OK and Hamag)
opened the first methanol fuel pump in
Europe

hZE /15 % {E£F Serenergy RMFC E %
BZ AR BB St R R34 E A 1B TE 2R FAK B k1B
R E) HE{E AR Cars/vans use
Serenergy RMFC technology as range
extender and CRI methanol as fuel

MR EREEIE M2002 EE8004
B Increasing range of battery powered
vehicles from 200 to 800 kilometers



LLEF HEERRRTE ol

Israel Methanol Fuels T
Demonstrations

- DIBRERIHAES T ARLERE TR Prime
Minister Netanyahu established Fuel
Choices Initiative.

- M15 21007 A B HeE T hEMAKE
Driven 1,000,000 kms on M15 fuels with
improved power and torque.

« 20165 LA FIETRA TMI15EFF In 2016,
Israel adopted national standard for M15
fuels.

o FELFFRELFELIBTIHET M15%ZE,
Dor (L F A RHEHMISFEE MNE Fiat
marketing M15 car in Israel, and Dor
Chemicals has introduced M15 retails
pumps

W INSTITUTE



B AFIM15/E5#E R K
Italy M15/E5 Blending

« 2017F11821H: EEXAFZERIET, REX
AIASEL S e Sk AR B FHITEZESE
FimRHtE L RIE R ZIBE MR IR AR
21 November 2017: With Italian Prime Minister,
the CEOs of Eni and Fiat Chrysler Automobile
sign MOU for joint development of technology
reducing CO2 of road transport vehicles

. BRERATIBEF % H15%FREZFIS%E 4 7 BEHR
&A%} Eni had developed a 15% methanol and
5% bioethanol fuel blend

- IR ARSI E A ESRIET 45500 EER T
WREAT “Enjoy” REHZZEFN New blend will
be used in 5 FCA Fiat 500 vehicles in Eni’s Enjoy
car-sharing fleet

W INSTITUTE



ENEE: HEEE T E
India: Roadmap to
Methanol Economy

20154F9R, ENEXNEMRIEMRIFEEFE
K28 September 2015, NITI Aayog formed
Methanol Economy Expert Group.

20165F9H, MIfEE#RERELE 7T HEESR
FEPRITS September 2016, Ml jointly
organized Methanol Economy International
Seminar held in Delhi.

IEEFIEM15, M100FIMDI5 KARHE R T,
FEKA. AR, SRERPARI R RN =
Working towards standard for M15, M100 and
MD95 fuel blending, demonstrations for cook
stoves, marine fuels, railways, methanol
production.
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FAEZ AR ARRA R

METHANOL MARINE FUEL
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MARINE FUEL IN TRANSITION

- Bunker fuel mainly used in the shipping
industry

- ~100,000 vessels consuming 372 min
mtpa of fuel (HFO / MGO) globally

- Bunker fuel is highly polluting

W INSTITUTE



EPRHAREESIX

EMISSION CONTROL AREAS (ECAS)

North America
» SOx established 2009
» Enforced since 2012
* New keels from 2016
NOx compliant

Sources: IMO

W INSTITUTE

Europe
e SOx established 2005

e Enforced since 2006
e 2015: SOx<0.1%

China
2015: HK ECZ
established for OGV

2016: PRD ECZz
2019: China-wide ECZ

M Existing ECA area
Potential future ECA area



RATTRMIBRT R
NO SILVER BULLET

1. ERmATFH RO
a. ALURARIRER AR, AR
b. EMELERAR
2. WRAEHE:
a. EEMEMNZLE (SCR)
b. ESHBREIEA (EGR)

3. WEMNYRHE
a. HMERBEMSMEERHERAWIHMER
4. BRI

a. E£YIRE, BB, LPG
b. 4SH/LNG AR S & 4 im/ B EZ AR

1. HFO/MDO + After Treatment:
a. Burn low-sulfur MDO at cost premium
b. Add after treatment technology
2. SOx reduction:
a. Selective catalytic reduction (SCR)
b. Exhaust gas recirculation (EGR)
3. NOx reduction:
a. Currently, no diesel fuels will meet NOx regulations on their own
4. Alternative Fuels:
a. Biofuels, methanol, LPG
b. Dual-fuel with diesel/LNG or diesel/methanol

METHANOL
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ARAHRL A 256
MARINE EXPERIENCE

E%%}LSEIESH: Stena Germanica fBEAR]- Wartsila = HRigk

- Mar 2015: Stena Germanica — Wartsila methanol-fueled
marine engine

%ﬁ%*ﬁﬂﬁ% hanex HZE R AR EREMRAR- 2F MAN- H

~
~
{

2016
B

2016: Methanex’s Waterfront Shipping — dual-fuel MAN

- Apr : )
ethanol/diesel engines

HEFRARHH MethaShip T H
- Lloyd’s Register MethaShip project

LeanShips KRG
- LeanShips dual-fuel demo

2015 108 i Billion Miles AT F & /NEYARHA R F

- Oct 2015: Billion Miles Singapore develops small-marine
applications

2016 ££6H: Er#LScandiNAOS, & ik S BH s
- Jun 2016: ScandiNAOS Green Pilot Boat conversion

W INSTITUTE




/14 GREENPILOT — OVERVIEW

o A Bk HEE A i B8 = SR 281 Funding from Methanol Institute and Swedish
Maritime Administration, June, 2016

o GEIMI00 BHESZ mffl et 28 B R A S Z e T3 7040 inis 6-cyl M100 converted NG
engine in rescue/pilot vessel

o 2017FESH A SRR L £ E A Sea trials started on FiT/WeChai engine in May,
2017

o LS EIE S b G E = Both the vessel and a second, converted Scania engine were
exhibited at Nor-shipping
Sources: ScandiNAOS, FiT

METHANOL
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GREENPILOT — INSTALLED ENGINE

Sources ScanleAOS FiT

METHANOL
INSTITUTE




GERMANICA - BEFORE & AFTER (COMMON RAIL)
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Source: Stena
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IMREVEEIR G R
ENVIRONMENTAL SOLUTION

250% B CO2
- WSO
o  NOX

S0% I
HFO (3.5 HFO (1%) NG AeOH (natur MeOH (biomass)
gas
H“ﬁﬁﬁ,ﬁﬂ Hnﬁﬁg EH F]HFHE ;"" SRE = ( 9}{/:) o
(35% BaE (150 Fia ) (0.1% }mi) BUKAS Bz (KRS B (EMRK)

SRR BN TE 2 205 407 Stena | Effship / example for 4-stroke engines)
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BUNKERING THE GERMANICA
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Sources: Haan Paa, Stena
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Self-contained
eye/body wash station

Gas leak
detection

Flame detection

Foam fire
extinguishing system

Coffer dam

No-drip
connections



SEAOBERE RN
GLOBAL PORT TERMINAL AVAILABILITY

Y

-
Canada e s East Europe and -
99t S T y S Baltic Region Russia | ™~ —
a4t ya | 100t | -
%
s
US - West Coast
76t
US - Gulf Coast
Sost and Taiwan
812t
South East Asia

;T ‘W and Australasia
- 1350t

Latin America - Pacific Coast
75t
Latin America - Atlantic Coast
720t b
li”
Source: IHS, 2015
In.
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BENEFITS OF METHANOL AS A
MARINE FUEL

- Capital costs for ship conversion less than LNG and similar to after
treatment technologies

- Methanol is already easily and cost effectively stored at any port in the
world

- Methanol is one of the top 5 seaborne chemical commodities accounting
for 35% of the world seaborne chemical and vegoil trade

- Major engine OEMSs confident engines can meet SOx and NOXx
requirements

W INSTITUTE



METHANOL

[Erges
METHANOL SAFETY
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Must Knows of Methanol

Burns with a clear, low heat flame

Difficult to see during daylight
Impact confined to size of spill

Biodegrades quickly
Soluble in water

Toxic

Readily absorbed into the body

METHANOL
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Methanol Storage

FEz i 77

Storage of methanol employs same precautions used
for gasoline storage.

FREEfgF (€ SRmEE— TR A

Methanol is routinely stored in tanks farms consisting
of above-ground, floating roof tanks.

REREREFEMTE 2 ERZ TR HEEX .

Tanks must be grounded to avoid hazards associated
with static discharge.

HEEWS N E T DUEE S 55 R A R T ORI TE B

All storage materials, including totes and drums,
require berming and adequate ventilation.

FMB#EEMS, aRFRBEMEWRN, BLIFREZIE
Use non-sparking type tools and equipment.

AUERFFEXERBNTAEMESE.
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PR AR A K R R

Methanol has lower fire risk

FEREELSHMRIR BRAVERXSE; KRATREMR
needs lots of vapour to burn confined fire zone;
fires less likely

J5H Gasoline #%ik evaporates fast ~ BESEIEL SIREIATIE FHIKIER A K RATREM
needs little vapour to burn broad fire zone;

fires more likely
METHANOL
INSTITUTE WWW.METHANOL .ORG



Managing the Fire Risk

Fire Fighting

» Fixed systems & portable systems

» Materials — depending on size of fire & location

CO, extinguisher
Dry chemical extinguisher
Water; fine spray; mist; fog

Foam — Alcohol Resistant-Aqueous Film
Forming Foam (AR-AFFF)

Thermal imaging cameras can detect
methanol flames.

W INSTITUTE



Fate and Transport

JEY =R

« “The fate and transport of methanol in the environment is well
understood. Methanol spills to the soil, groundwater, and surface
water will quickly biodegrade under both aerobic and anaerobic
conditions and, consequently, methanol is not expected to persist.
Methanol exhibits a lower toxicity to humans and indigenous
microbes then conventional gasoline. Therefore, based on this
analysis, methanol appears to be a more environmentally benign
fuel compared to conventional gasoline.”

« Malcolm Pirnie, Inc., January 1999

METHA'IIJ(.?IE I — WWW.METHANOL.ORG



Half-Lives of Methanol and Benzene in the

Environment

Environmental Methanol Benzene
Medium Half-Life (days) | Half-Life (days)
Soil 1-7 5-16
Surface Water 1-7 5-16
Groundwater 1-7 10-730




HEHEFELE
SAFER FOR THE ENVIRONMENT

LC50 M ILRE, LC = LETHAL

CONCENTRATION (Z%ERE)
Concentration in water, at which half the population
died within specified test duration

Better than Diesel by
.................... 5 factor of 240 times

sehti 24065 H
BRIkt =ik geim bt
FAEE Methanol™ Methanel5] Heavy Fuel OilB3 Diesell Gasolinel?
15,400 (mg/l) 49,9 (mg/l) 79 (mg/1) 65 (mg/l) 8,2 (mg/l)

Better than Gasoline by
a factor of 1900 times

EE SRt 19004%

(11 ECHA, European Chemicals Agency, registration dossier Methanol

2] petrobras/Statoil ASA, Safety Data Sheet, ECHA registration dossier Gasoline
131 GKG/ A/S Dansk Shell, Safety Data Sheet

(41 ECHA, European Chemicals Agency, registration dossier Diesel

[3] ECHA, European Chemicals Agency, registration dossier Methane

Additional Source: Meyer-Werft

WWW.METHANOL.ORG




US-Chi 2IKHABETIHhE R HEEXRHK
1énﬁga Methanol Institute Opposes Tariffs
= HP i o) R . 8H8238-MI EEXERSKREHAEEE 23 August — MI

Testified before U.S. Trade Representative

- EREERZKFTHAZEEUHAOC000T  E /& mbnfE
25% X% B myFHREHEE Urged USTR to remove

methanol from list of 6,000 products of Chinese goods
for 25% tariff

- FENBEZIEZEREBERSAE No methanol trade

flow from China to U.S.

- XEEEMAFFEHOE, PERRENEXTH
U.S. becoming net methanol exporter and China the
world’s largest market for methanol

o XPEEIEEREE WY R Tariffs threaten

expansion of U.S. methanol production

o  FHEEREEBMRARE Hopeful U.S. and China can

resolve differences

METHANOL
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JE & B !
THANK YOU
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CONTACTS

. GREG DOLAN
CEO

gdolan@methanol.org

. CHRIS CHATTERTON

COO
cchatterton@methanol.org

. KAl ZHAO

Chief China Representative
kzhao@methanol.org
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