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* The Methanol Institute (MI) was established in 1989

* More than three decades later, Ml is recognized as the trade association for the global methanol
industry

 We faclilitate methanol’'s increased adoption from our Singapore headquarters and regional
offices in Washington DC, Brussels, Beljing and Delhi
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Low Carbon and Net Carbon-Neutral ™ nSaEaeia

E-Methanol
* Feedstocks: green hydrogen and captured CO,
* Green hydrogen produced from the electrolysis of water
with renewable energy (e.g. solar, wind, geothermal etc.)
* CO, from industrial flue gas (e.g. steel, cement, ethanol),
biogenic sources, or direct air capture
 E-methanol is a very-low to net carbon-neutral fuel

Bio-methanol

» Feedstocks: Municipal Solid Waste (MSW), Agricultural Waste,
. Black Liquor, Bio-Methane from wastewater treatment, landfills,
. or animal husbandry

i- Feedstocks can be gasified or anaerobically digested to

Renewable CO,: from bio-origin and through direct air capture (DAC)

Non-renewable CO,: from fossil origin, industry

While there is not a standard colour code for the different types of methanol production processes, this illustration of various types of methanol
according to feedstock and energy sources is an initial proposition that is meant to be a basis for further discussion with stakeholders

produce syngas used in methanol production
« Avoided emissions from landfills, incinerators, or dairy farms
potentially allow bio-methanol to be a net carbon-negative fuel
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Renewable Methanol Database @ NsTiTuTE

Current and Upcoming Methanol Project Across Countries p.o.i:t
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Innovation Outlook:Renewable Methanol @ nsTiTuTe

www.methanol.org/renewable/
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Significant CO2 Reduction Potential

GWP 20 - WTW (WWT+TTW) Emissions (Global warming potentials) for stacks
gram CO2 eq. per kWh
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CH3OH ICE SI 4 stroke B s 887.9
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https://sustainablepower.application.marin.nl/well-to-wake
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Improving Local Air Quality

Emission reduction potential:
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The Methanol Molecule

Green Methanol

Provide COZ savings Provide )2 savings
of 10%-15% today of =90%

Widely available today Growing availability through Growing investment year-on-year
lew-carbon production and blending

« Methanol molecule is the same energy and chemical characteristics no
matter how it is produced

« Completely fungible from grey to blue to green facilitating blending with
reduced carbon intensity as low carbon and net carbon-neutral supply grows

* Methanol runs well in existing engines with few modifications and
significantly lower CAPEX when compared with other available alternative

fuels
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Methanol Making Headlines @ AN

Chinese Study Examining Methanol as a Marine V:L;k . - _ ‘.
FucH . ey
o m_ NEWS: first barge-to-ship methanol

LURTA MARLE B

Maersk spends $1.4 billion on ships
that can run on ‘carbon neutral’

methanol

IMO guidelines on use of methanolas a
marine fuel to boost demand

The Metharal Institute (M1} has joined a sbudy ked By

China Waterbarne Transpartation Besearch Instiute b un ke r | ng o pe I'atlon in th e world
the think cank of the Chaneis Minisiry of Trandpert, v

cansider the technical and operational requirements

use of metharal as @ marine fuel, The study |s supp: Watnrtront Shigping takes issds
methanad producers and distributors Methanss and

e ™ Stena Line RoPax is world's first vessel to use 5

incustries, the study will oreste comprehe recycled methanol as fuel

policy suggestions for the use of methanc

MSC explores Methanol fuel

Nemr | engeat
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a Google News & 92
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Emssamsmm MethaShip Project: Renewable Methanol is
‘fuel with a future’

reflecting the expedence already gaired | Written by Nick Slenkey
methanel-fusled marne engines, and wil e
for the adoption of methanol & & marine n u m i A:‘ E

“China s oroaressnee indevelaoira clean

OCI signs MoUs to develop ammonia
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and methanol as shipping fuels

Author: Richard Ewing “'a " . “‘ng .
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L Waterfront Shipping renews fleet with eight
Meet Uthorn, the first German ship methanol dual-fuel vessels

2011/03/00

Damen introduces offshore vessel design with methanol o 1Dwc 2020 by Craig Julie
e powered by methanol o |
_ & | vy Waterfront Shipping Company Ltd (WFS), a wholly owned subsidiary of
T v Y v L] ] AIDAnNova on track to get its = S
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F“’m'- = _ : :l ’n) i I ikl By Baird Maritime - Soptamber 9, 2021
1 1 1 The marine industry has ambitious decarbonization geoals, but the fuel shift :
Dutch shipyards investigate Sl it —.
WARTSILA TO ADD METHANOL ENGINE TO PORTFOLIO BY 2024

sustainable fuel alternative
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DNV GL to class new methanol-fuelled

bambmva
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P g Dual-Fuel Engine

ey
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Abigail Martin - p— — T ’ ~ . ) attention as a method of complying with low sulphur requirements. for fuels and
= .  Gares - global integrator of container logistics
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Game Changer 1: IMO IGF Code

L g
ccC1

» Ethyl/methyl alcohol
* Fuel celis

* Low-flashpoint deesel

&> www.methanol.org/join-us

CCC 2

o EthylVmethyl alcohol
* Fuel cells
e Low-flashpomt diesel

CeC 3

* Fuol cells
» EthyVmethyl alcohol
» Low-flashpoint diesel

CCC 4

* Fuel cells
» Ethyl/methyl alcohol
* Low-flashpoint diesel

L J
MSC 102

®

cee s * Amendments
* Approval

« EthyVmethyl alcohol « Adoption

* Fuel colls
* Low-flashpoint diesel

Draft Intenim Guidedines Validated

MSC 100
* Amendments

e Confrmation
* Referral to other sub-commettoes

MSC 101

e Amendments
* Referral to other
sub-committees

CCC6

* Ethyl/methyl alcohol
* Fuel cells
* Low-flashpoint diesel
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Game Changer 2: Maersk Vessel Orders @@%

£2 MAERSK v i

A.P. Maller - Maersk will onerare rhe world's first
carhon neutral liner vessel Dy cUZ5 - seven years
ahead of schedule

L2 MAERSK &

Maersk secures green e-methanal for the world's
first container vessel operating on carbon neutral
fue

“The reason that we have gone for
methanol on the first one is that it is
the most mature from the technology
perspective; we can get an engine

that can burn it.” Morten Bo “That means that if we end up finding
Christiansen, head of exactly the right solution then there
decarbonization at Maersk will be a big retrofit opportunity for

us.” Maersk CEO Soren Skou
speaking during Maersk’s on 10
February earnings call

INSTITUTE

21 Feb 2021: Maersk announces that the world’s first
carbon neutral container vessel by 2023 will operate on
dual-fuel methanol

Maersk has now ordered 2,100 TEU methanol duel-
fueled feeder vessels from Korean shipyard

24 Aug 2021: "Maersk accelerates fleet decarbonization
with 8 large ocean-going vessels to operate on carbon
neutral methanol”

More than half of Maersk’s 200 largest customers have
carbon targets for their supply chains

16,000 container (Twenty Foot Equivalent — TEU)
vessels

Delivery in 2024, approved option for 4 additional vessels
in 2025

$1.4 billion order each vessel $175 million 10-15% more
expensive

Each ship will require 35,000-40,000 tons of methanol
annually or a total of 500,00 tons of methanol
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Game Changer 2.1: Maersk Methanol Supply (%%

Production Capacity Estimation Table

Strategic Type of
Partners fuel
aMceEnric 0O
methanol
bio-
Debo
methanol
European
P methanol
Energy
bio-
GTE
methanol
Orsted )
methanol
bio & e-
Proman
methanol
hin-
WasteFuel °
methanol
TOTAL

https://www.maersk.com/news/articles/2022/08/19/maersk-engages-in-green-bio-methanol-

partnership-with-debo

Production
Capacity in 2024
(end of year)
tonnes/year
20,000

200.000

50,000

50,000

330,000

Production
Capacity in 2025
(end of year)
tonnes/year

2-300,000

300,000

100,000

6-700,000

Production
capacity added
after 2025
tonnes/year

200,000

300,000

500,000

INSTITUTE

* 10 March 2022: Maersk announces strategic
partnerships with six leading companies -- including Ml
members Proman and Wastefuel -- with the intent of
sourcing at least 730,000 tons/year of green methanol
by end of 2025

Chinz « Maersk estimates will need 6 million tons of renewable

methanol by 2030 to fuel 25% of their 700-vessel fleet

Geography

Morth &
South
America

China

Marth
America

Marth
America

South
America
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Engines Available and More Coming (%

INSTITUTE

Rolls-Royce developing mtu
methanol engines to make
| shipping greener

€

WARTSILA

ADVANCED DUAL ™~ JEE=TDD
FUEL TECHNOLOGY st s e

SSSSSSSSSSSSSSSSSSSSSSSSSSSSS

™ ol fuel for cim: diy sh Ing, tec 0g.
. A s m, o M4 to set stand igh-speed methanol engine:
MAN ME-LGI WARTSILA 32 o
METHANOL METHANOL Py
M Singee LU M “wdwadogy f" - a .
! ne age Marine
P R
FEL LY A e .
WinGD Expects Methanol and
Ammonia-Fueled Engines By 2024 MAN Energy Solutions Upgrading Four-Stroke
-ﬁ and 2025 Engines for Green Future-Fuels
Methanol to be available for maritime use from 2024
T —

SMESESIE CATERPILLAR MARINE TO SUPPORT
e SELECT CAT® 3500 SERIES ENGINES
WITH DUAL FUEL METHANOL

‘ . : w--vuo.n °°‘:. rwe remes »y 'j

Since 2016, MAN has received orders for 72 large,
two-stroke methanol engines, with 19 already In
operation in chemical tankers operated by Ml
members. Many more orders on the way!!!
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On the Water and On the Way o "ETHANOL

METHANOL

' N s T ' T UT E SINCAPORE - WASHINGTON - BRUSSELS - BEVJING - DEHL)

Methanol Fuelled Vessels on the Water and
on the Way

Sweden (2015):

One of the world's largest ropax ferries - Stena

Germanica - has been operating on methanol fuel

since 2015.

Canada (2016-2019):

Methanex Waterfront Shipping and their partner vessel
operators - Mitsui OSK Lines, Westfal-Larsen, Marinvest,
IINO, and NYK Group - began operating a fleet of 11
50,000 dwt chemical tankers with dual-fuel methanol

engines.

Germany (Jul 2018):
Shipowner SAL Heavy Lift to install FUELSAVE

hydrogen/methanol injection system in 6 vessels

Germany (Mar 2019):

Abeking & Rasmussen shipyard designing “green cruise”

concept vessel using methanol fuel cells for hotel load

and methanol propulsion engines

Netherlands (Jan 2020):

Damen Shipyards hos developed a new concept

Offshore Support Vessel {(OSV) to operate on methanol
: N = d V SO MM AR

Germany (Jan 2020): & mhah A= L

Shipowner Liberty One has ordered a new multipurpose SHEe 2T '

(MPP) ship powered by methanol

o
Mi@ methanol.or www.methanol.or
v’ “ 9 9
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Avallable, Easily Bunkered, Affordable (CRGARt=ti==

. METHANOL AVAILABLE IN V% BUNKER PRICE ROTTERDAM BY FUEL CALORIFIC VALUE
" OVER 100 PORTS TODAY \ . ($/Gj)
60 — LNG bunker
- Marine gasoill
0.1% dlvd
40 Methanol bunker
AW Marine fuel
50 0.5% dlvd
m.
0

CEN Workshop Agreement Oct-21 Dec-21 Feb-22 Apr-22  Jun-22  Aug-22

SIS, 1 TS0 2030
Bt - S e i o b i i source: S&P Global Commodity Insights
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Technology Readiness

Figure 3.3

Estimated maturation timelines for energy converters, onboard CCS technologies, and corresponding safety
regulations for onboard use
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https://www.dnv.com/maritime/publications/maritime-forecast-2022/index.html

&> www.methanol.org/join-us


https://www.methanol.org/
https://www.methanol.org/join-us
https://www.facebook.com/Methanol-Institute-209246762424213/
https://www.linkedin.com/in/methanol-institute-26787930/
https://twitter.com/MethanolToday
https://www.youtube.com/user/MethanolInstitute
https://www.methanol.org/join-us/

* IRENA “Decarbonise the Shipping Sector”

Methanol cost projections

« Short-term, advanced biofuels play key role
* Medium and long-term e-methanol and e- 300
ammonia more promising green hydrogen-based e
fuels = 200

» By 2050, shipping uses 38 million tonnes of S 150
renewable methanol and 183 million tonnes of

renewable ammonia I S m—— s eessisseesRsss s ss s ss s s mm s
Ammonia cost projections
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What If ammonia not accepted?

Additionally, if ammonia is not accepted as a safe
marine fuel, then other fuel options would drive
the transition

Alternative Scenario 3: All else equal except that ammonia is not classified as a safe marine fuel

XX Emissions in GtCO,-eq fyear e-methanol Biomethanol [JJij Biocoils [Jj LSFO

- e-methane Biomethane - LNG

XX Energy demand in EJ/year

~]_3 == [ ~1.0 ~0.9 ~0.6

=l ~13.2 ~13.1 ~12.9 ~12.6 ~12.3 ~12.0

[Ma Title]

2020 2025 2030 2035 2040 2045 2050

® Source: MavigaTE
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If ammonia does not meet the safety standards
for storage, handling and operations onboard,
overall maritime emissions may well increase.

This would result in a fuel composition where
almost half of the fuel mix is supported by
biofuels and a third by e-fuels such as e-
methanol and e-methane.

As previously argued, the Center does not
consider any global maritime emission level
above 0.1 GtCO,-eq in 2050 qualifying as net
zero emissions. Notably, the ~0.3 GtCO,-
eg/year emissions is not in line with the
abatements needed to follow a Path to Zero.
Further regulatory focus in the form of even
higher emission levies than those discussed
earlier and/or tighter energy efficiency
regulation thus seems to be justified in a
scenario where ammonia is not accepted as a
safe marine fuel.
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Marine Spills Still Happen.... w AU

LC 50: Lethal Dose: Fish
Methanol [5]

15,400 mg/I
« Methanol is a more
environmentally- ¢

benign fuel Iin v

marine Gasoline 'l Methane @ pjgse| 81 Heavy Fuel Oil 1 Ammonial!

environments 82mgl 499 mgl g5 mg 79 mgl/ 0.068 mg/
* In a waterbody,

nearly 200 times

more methanol is

i SOuUrces:
needed to kil h_alf Ul Petrobras/Statoil ASA, Safety Data Sheet, ECHA registration dossier Gasoline
the number of fish (21 ECHA, European Chemicals Agency, registration dossier Methane

- = ECHA, European Chemical Agency, registration dossier Diesel
than Mariie heavy 41 GKG/ A/S Dansk Shell, Safety Data Sheet
fuel oll =l ECHA, European Chemical Agency, registration dossier Methanol

8] ECHA, European Chemical Agency, registration dossier Ammonia
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