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Essential Methanol
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Methanol Trading Hubs
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Brown, Grey, Blue and Green

e Renewable CO; from bio-origin and through direct air capture (DAC)

e Non-renewable CO2: from fossil origin, industry
While there is not a standard co/our code for the different types of methanol production processes. This illustration of
various (pes of methanol according to feedstock and energy sources is an initial proposal that is meant to be a basis
for further discussion with stakeholders
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& More Renewable Project
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Cost of Production
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The Methanol Molecule

Blue methanol Green Methanol

Provide CO2 savings Provide cO2 savings
of 10%-15% today of >90%

7 |

| III

I— I.—....
“' \"
Widely available today Growing availability through Growing investment year-on-year
low-carbon production and blending |

e Methanol molecule is the same energy and chemical characteristics no matter how

it is produced
e Completely fungible from grey to blue to green facilitating blending with reduced

I carbon intensity as low carbon and net carbon-neutral supply grows
a w e Immediate benetfits in reducing SOx, NOx, and PM

e Methanol runs well in existing engines with few modifications and significantly lower
CAPEX when compared with other available alternative fuels
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Projections - Methanol vs Ammonia

e IRENA “Decarbonise the Shipping Sector” Methanol cost projections

e Short-term, advanced biofuels play key role 350

e Medium and long-term e-methanol and e-ammonia ™
more promising green hydrogen-based fuels ‘]:E
e By 2050, shipping uses 38 million tonnes of e

150
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renewable methanol and 183 million tonnes of .

renewable ammonia .

Ammonia cost projections — 00 00 -
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Multiple Pathways

There are multiple viable pathways to decarbonize by 2050,
and severa fUt:| plend compinations could deliver the solution

-*
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Game Changer 1: IMO IGF Code Methanol Approval

L]
CCCA1

= Ethyl/methyl alcohol
= Fuel colls
» Low-fashpoint diesel

L 2

= Ethyl'methyl alcohol
= Fus oells
* Low-flashpoint diesed

i
CCL 3

= Fund cells
= Ethyl'methyl aloohol
= Low-flashpoint diesel

‘2[!1?

CLC 4

= Fuel calls
= Ethyl'methyl alcohol
* Low-flashpoint diesel

- MSC 102

COC & = Amandmants
= Approval

& [H'l'h"Lrll'l-B'“I!ﬂ ill}l}hl:ll = MI]‘]I.H.'IFI

= Fusl cells

= Low-flashpoint diesal

Diraft Intersm Guidelines Valsdated

NSC 100

= Amendments

= Confirmatbion

= Befermal to other sub-commetteess

M5 101

* Amendments
= Referral o other

sub-committees
CCC 6

= Ethyl/methyl alcohol
= Fuel cells
= |Low-flashpoint diesel




Game Changer 2: Maersk Methanol Vessel Orders

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

e Maersk has now ordered 2,100 TEU methanol duel-
tueled tfeeder vessels from Korean shipyard

e 19 Aug 2021: Maersk secures 10,000 tons green e-
methanol from Reintegrate in Denmark, using biogenic
CO2 and solar power

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

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

e 16,000 container (Twenty Foot Equivalent - TEU) vessels

“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

Chris:it::s::nhz:rg :f d'\;\Z:rebr;s;ﬂon “That means that if we end up finding o Dehve.ry. in 2024, option for 4 oddl’nc.)n.cl vesselos in 2025
o Maersk exactly the right solution then there e $1.4 bll!lon order each vessel $175 million 10-15% more
will be a big retrofit opportunity for expensive
us.” Maersk CEO Soren Skou speaking e Each ship will require 35,000-40,000 tons of
during Maersk’s on 10 February methanol annually or a total of 500,00 tons of

earnings call methanol
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Engines Available and More Coming

Rolls-Royce developing mtu
methanol engines to make

shipping greener

WARTSILA

BUSINESS DEVELOPMENTS & PROJECTS

Focusing on methanol as a fuel for clmate-friendly shipping, technology

company Rolls-Royce alms to set standards In high-speed methanel engines.
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MAN Energy Solutions Upgrading Four-Stroke
Engines for Green Future-Fuels

Methanal to be available for maritime use from 2024

.
i

!
1
"
n
In Comtinugushy developing the range of senvices 107 It portolio of Feur-Sinoke engines, MAN Eneigy Solutions
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ships or power plants. Alleady today. MAN engines using power-to-X fuels such as synthetic natural gas (SNG) can

be operated totally climate-neutrally,
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On the Water and On the Way

Methanal Fusl Ready 50K DWT Class Tank
:ﬂ:ml!lﬂl.’m
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GMM and InvestNL MFS

TINVESTNL

* Green Maritime Methanol Consortium (Netherlands)  EURO 1.8 min subsidy awarded

* WP13Satety | - * Goal to retrofit 3 inland waterway vessels
o Focus on evaporation, ventilation a +  2-year project timeline

Event trees almost ready * MitsubishiSR series (S6R and S12R)

* WP2Engine testing ;
o Testat naval R&D scheduled to startin February representsapprox. 25% of the market

. WP3 Design pilots * Delay due to withdrawal of original shipping
o Rescheduled for next meeting company — new partner identified; finalizing
* WP4 Supply Chain negotiations

o Draft policy paper ready mid-February

www.methanol.org



TNO: Potential Vessel Segments

"20% of vessels

Sailing
distance

Sailing %
pattern P —
L] !3'“.' LT :
iramp salings Pleasure Yacht IWT charter vesiel " vesied -
[wilde vaart”) o N . L .
_oma : O osoof
bunker
dePapd
Fixed cqnta ;
scheduled €
roundtrip ® :
Ocean crpite ;
Patral !Hﬂ:lﬂl I-ﬁ'?;:-l.:,r. L "
vessel Pilot u-!tn: ;
Point-to-point -.--H'I-H & - i :
Tug i@ <] —" & Dredging B kers
wessel Ruver ferries m_lli'ﬂ'l"'-'- " wedgel | LY !‘EE'
Local shipping Inland shipping Coastal Dedp Sav
shipping shipping

For Green Maritime Methanol
program, TNO conducted
assessment of market potential for
Dutch/EU market for methanol as
a marine fuel

Heatmap of “methanol-
applicability of shipping segments”
Most shortsea and inland shipping
markets appear feasible in terms
of operational profiles, fuel
consumption, and sailing patterns
But important to recognize that
the ocean-going vessels make of
20% ot vessels and fully 80% of

bunker demand
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WP7A: Onderzoek Zero-Emission Dredging
WPO: Technische communicatie WPL:
Technische stuurgroep sessics, technische project publicaties en crass-sectorole kennisuitwisseling Stuurgroep Future use cases
] 1 ————
WPL:
WP1: Onderzoek vermogensopwekking
Methanol verbrandingsmatoven én omzetting tb.v. branditofcelen NLDA
Industrieel . .
Onder roek WP2: Onderzoek veiligheid van gebruik en opslag van brandstoffen WPL: TNO
Vehghed, gebrudk en opsiog van hwnamrﬁ;k,l methanal en H, ) - F2:
Zeegaand OO Tmﬂ.
WP3: Onderzoek thlwm ——— wwischp Vessel
Systeemaonpok o b v. MBSE, modulariteit en risicoreductie voor forward compatibie Damen & C-loh werkschip
| FL: DMO ]
Fa: F5: L
Mega Dﬂ'shm
Jachten
WPS: Fieldlab Research schip | L — L
Systeemvalidotie dual motoren op methanol & elektrificatie FL: IHC I
| I
Experimentele WP6: Fieldlab Short sea cargo vessel
Ontwikkeling Systeemvokdatie hoofdmotor ap methanod
L .
WP7B: Fieldlab ZE Dredging WPL:
Systeermvalidatie testsefup Boskalis/
vermogen & energiesystemen ]
Now lar lan Jan MNowv lan

BERE

2021 2022 2023 2024 2025 2026

lan
2030 -l"unnn

MENENS: Methanol als
Energiestap naar
Emissieloze Nederlandse
Scheepvaart (loosely
translated ‘energytransition
towards emission free
Dutch shipping’)

4-year project timeline

EURO 24 million subsidy
from Dutch government

22 partner consortium
Three vessel types:

* Research vessel
e Short sea cargo vessel
* Dredge

www.methanol.org


https://eto.dnv.com/2020/Maritime/forecast
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Methanol engine retrofit Harbour tug demo (WP2) Pilot boat demo (WP3) — ™~ W‘
i

[T
. Port of —
SO|UtIOhS (WP']) Work Package 2 mission is the complete conversion of a Work Package 3 mission is to demonstrate methanol as a fuel ARy ﬁtﬂl*t‘FTR‘ZITT A
harbour tug (owned by PoA) for methanol/MGO dual-fuel for use in a smaller marine application for a longer period o

o . ) T
Work P‘ar:k.ag‘e 1 mission l? to pr‘cwde turlnkeg, methanol operation incl. set up of supply chain and training of crew. during true operational conditions. more & \,\, SUPER TOYS
conversion kits as a retrofit solution for high speed and ore Liovd (. 1 H
medium speed diesel engines (200kW-4000kW). more M Reqister % 14

© MEYER WERFT | '. : r**-(*l.“{._:HQ 1 e 1
W INSTITUTE

w_r_\ - B

| T

Coast guard vessel demo Methanol river cruise ship Next generation methanol
(WP4) conversion concept (WP5) engines (\WP0)
Work Package 4 mission is to demonstrate methanol Work Package 5 mission is to develop the conversion concept Work Package 6 mission is to develop the next generation of
operation on board an ERRV (Emergency Recovery and for a River Cruise Ship for a fuel change from diesel to a methanol engines, that fully exploit methanol's beneficial
Rescue Vessel) coast guard vessel, built by Super Toys. more methanol-driven propulsion system. more properties as an engine fuel, for increased efficiency and even

lower emissions. more
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WTRI - China & Singapore

China

«  China Waterborne Transport Fessarch Institule (under Mimistiry of
Transport) proposed study to provide a roadmap for the adoption of O S S e niers %
methanol as a marine fuel for China s

lechno-Economic Assessment,; Policy analysisirecommendations

«  China annually consumes 20-30 MMT of bunker fuel

«  There are 630,000 vessels operating in China's coastal regions <
(including fishing fleet) and inland waterways (140,000 vessels) =
« Interms of potential methanol demand. marine apphcations have the
potential to be no less in size than the China market for bollers or D . .. . .« = x e nnnnnnns E s L e
cook stoves, or consarvatively in the low single digits, in milhons of
lons demand, overthe nextfiveyears I et et nann e nnnnn i iea s e et o T
+  Tolal Budget = USD3140,000, wath MI as USD350,000 sponsor, other Currently:
sponsors Methanex, Sinopec, Shangha Huay Group o ,
e Reviewing final draft
Singapore e Circulated to MFC for feedback
e Singapore’s Maritime Institute and MPA recently instructed the * Planned Jul/Aug for tormal release
Marine Energy Test Bed Department of NTU to engage WTRI in Targeted outcome is to
a similar study as Ml engaged WTRI * obfain MSA endorsement
e Study to commence in September with Ml participation e allow CCS to begin to class methanol-fueled vessels
e Study will assess feasibility of methanol fuelled vessels in * create bunkering hubs
China and Singapore in line with MPA’s Roadmap 2030 e begin to develop standardized methanol designed

vessels

www.methanol.org



Practical Fuel Storage
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Technology Readiness

T bne lor sapecied svadability of sRernative fus| techrologies our best estimate for when these may be
avalable lor enboard uie
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https://eto.dnv.com/2020/Maritime/forecast

Stacking Up Green Competition

" il .
EHALMEHE 'H;na Grahn

THEE L LR B L L

Total cost of nwnershlp . | L
(M€/yr). Base case. -

Placirert b 30 . iw AT
Ship category: large lemes

sl AL 23 4.2 L
| hree different utihization rates: short, medium : _— -
long distance i . " " s I
Costs include: fuel production, fuel Bt e 43 : 4 ' .-
infrastructure, annuitized investments 1n ' — — —
propulsion technologies, energy storage and L-boaethancl | NN NS . a4 13 -
reduced mcome due to less cargo space 5 kel 9 34 e
| i, = ]
I'he colour coding 1s within cach fuel categon A I =1 o BEE
and utilisation rate to highhght the cheapesi :
i AL . L £ bl B T TN 9.9 ol
opltion
L 2k L s [ T 1ol
MGO and BE are coloured diflerently but are g B 32 To e
comparable i terms of cosis to all other cases in : F-dars 1] b4 13
the ship travel categon : T 11 NN so s e
) Iraght 7. AMMetha uf a
Methanol sl \ — 27 a8 88 s 102 106
elianol shows [owesl
o ! i 1.3 LE LR 130 1K
cosl within all luel perspective in the shipping —— 18 .y T

calegories.

www.methanol.org



Available and Easily Bunkered

CEM Workshop Agresmer!
BIS-CNWE, 1T 58 ST

Sliifiari el ~ Dl il gl K’ Doty e Sl el
Lo ruirw d~Lia

METHANOL AVAILABLE IN — et

@ Ports with confirmed methanol supply/storage

@ Ports with private bulk liquid storage

www.methanol.org



Methanol Barge Bunkering

e

,.-r" - - y i

e 300mt stem successfully delivered May 2021 * Require more such demonstrations at leading ports
e Stem placed per LR/MI Methanol Bunkering TR o Will support pilots and general uptake of methanol
Partners included: Ports of interest:

o Methanex o Antwerp, Rotterdam

o Port of Rotterdam o Zhoushan, Ningbo

o Vopak Singapore

o NYK Panama

o TankMatch Others

www.methanol.org



Methanol Pricing

S&P Global Platts Launches First Global Argus: existing and upcoming price assessments

SUNE OF Mathanok Eunicer Fust Frios
Assessments

Price assessment Timeline Location/status

Calculated delivered prices for Singapore,
Anie B LS. Andiients comodamint Mot svicing &0 sither Sutfantcd b & Sutring e LNG bunkering Available Rotterdam, US Gulf Coast (Japan & China

upcoming)
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FAME biofuel Jun - Jul 2021 Market consultations
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Green methanol, bio LNG TBC Market consultations

Calculated prices for Los Angeles & San
dune 2021 Francisco
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Practical Fuel Storage

ALTERMNATIVE V5 CONVENTIONAL MARIME FUEL

e Potentially moving towards a volumetric assessment basis
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Carbon Footprint of Methanol
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* Most methanol is currently produced from natural gas. Modern facilities today produce methanol with an estimated carbon footprint of about 110 g

CO,eq/MJ, which is higher than what was considered state-of-the art two decades ago, of about 97 g CO,eq/MJ, most likely because the insight has improved
with data in the current study.

* Production from coal only takes place in China and has a high carbon footprint, of nearly 300 g CO,eq/MJ, due to large emissions associated with both the
mining of coal and the methanol conversion process.

* Production from renewable sources, such as from biomethane, solid biomass, municipal solid waste (or MSW, which contains a considerable fraction of
organic waste), and renewable energy, has a low carbon footprint. Most of these pathways achieve 10-40 g CO,eq/MJ, and some pathways even have negative

emissions (-55 gC0,eq/MJ for methanol from biomethane from cow manure) which means effectively that CO, is removed from the atmosphere or that the
pathway avoids emissions from other processes.
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Improving Local Air Quality

Emission reduction potential:
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Significant CO2 Reduction Potential
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source: https://sustainablepower.application.marin.nl
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Measuring Maritime Emissions

The Methanol Institute (MI) is calling on
maritime policy-makers to adopt a ‘well-
to-wake’ approach in GHG accounting
of fuels to support the decarbonization
of maritime transport. Ml believes an

approach that accounts for GHG

emissions of the fuel’'s entire value chain
is essential to stimulate the uptake of

. MEASURING MARITIME EMISSIONS

renewable fuels that can drive the

maritime industry’'s energy transition.
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Hazard Comparison

METHANOL

Hazard pictograms (CPL) @ .2

Signal word: (CPL) Danger Danger Danger
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Methanol classitied as “not more dangerous” than other fuels such as gasoline or diesel - fuels
largely familiar to most people
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Oil Spills Still Happen....
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Oil Spills Still Happen....

LC 50: Lethal Dose: Fish

¢ 6 O -

marine Gasoline 1"l Methane @ pjggel 1 Heavy Fuel Oil ¥l Ammonial®
environments 8,2 mg/l 49,9 mg/l 65 mg/| 79 mg/l 0.068 mg/|

° In a waterbody,
nearly 200 times

Methanol [5]
15,400 mg/I

e Methanol is a more
environmentally- %

more methanol is

needed to kill half oA~

the number of fish Ul Petrobras/Statoil ASA, Safety Data Sheet, ECHA registration dossier Gasoline
, (2l ECHA, European Chemicals Agency, registration dossier Methane
than marine heavy [¥l ECHA, Eurcpean Chemical Agency, registration dossier Diesel

fuel oil # GKG/ A/S Dansk Shell, Safety Data Sheet
=l ECHA, European Chemical Agency, registration dossier Methanol

[&] ECHA, European Chemical Agency, registration dossier Ammonia
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Spill & Salvage Economic Impact

Economic Impact - HFO vs Methanol : =

Sh Erik Tani ; . -
= i o ® Less toxic then gasoline or diesel
Fuel Heavy Fuel Oil Heawvy Fuel Oil Methanol M
. ethanol poisoning is not carcinogenic
Released amount | 18000 t 13500t 10000t and requires simple treatment
Affected coastline _ 400km 200km | Okm
Total damage £914M : - ® No additional GHG potential
(methane slip)
Cleaning $100M $50M | 50
Fishing industry $98,3M - , Miscible in water — large spill
Tourstmdusty ' £400-500M = = concentration will rapidly decrease with
' only very short-term effects
Claim for damages =120M =1TM =
Killed birds ~ 60.000 ~ 40.000 =0 ® Far less hazardous to the environment
T . y Methanol is fully miscible with water
MeOH spill simulations and dissolves readily
Simulation 118 ® |tis biodegradable and does not
-~ Release of 10,000 tons Methanol at open Sea bicaccumulate
n ] % a ur - : .
_ EUHFE Ir-:rmn DA 100 Methanol is not rated as toxic to aquatic
Simulation 21%. - organisms using the GESAMP rating system
0 REH'EEE_ﬂf 10,000 I/h from a coastal pier [8] Malcolm pirnie, Inc, Technical Memoranduny ®  (Joint Group of Experts on the Scientific
Concentr. ation of 0,36% after 1 hour e Aspects of Marine Environmental Protection)
Concentration of 0,13% after 3 hours Effects of the "Prestige” Oil Spill, Meyer-Werft (acute and chronic toxicity measures)

L,
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Eelco Dekker o Zhao Kai
Chief EU Representative ° Ny T *° Chief China

edekkeremethanol.org

Representative
kzhaoemethanol.org

Matthias Olafsson
Manager of Government &
Public Affairs - Europe
molafssonemethanol.org

Q

Chris Chatterton

COO

e e cchattertonemethanol.org

Tim Chan

Assistant Director of
Government & Public

Afttfairs (AP/ME)
tchanemethanol.org

9 o....

Greg Dolan
CEO
gdolanemethanol.org

Larry Navin

Director of Government and
Public

Affairs Americas / Europe
Operations
Inavinemethanol.org

...........o

Belinda Pun

Executive Manager
bpunremethanol.org

Prakriti Sethi

India Representative
psethiemethanol.org

London Douglas
Social Media and Web Manager
Idouglasemethanol.org
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