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Feedstocks & Markets

D" |,
d B . * Natural gas is still the predominant

feedstock for the methanol industry ex-
a China

72
—0-0 H t h‘v"

v
RENEWABLES/ Increasing number of projects utilize
NATURAL GAS sustainable feedstocks such as captured
CO, from industrial emitters and green
hydrogen produced from municipal
solid waste (MSW), forestry residues or
TRoReE agricultural waste

METHANOL * Conventionally methanol goes into the
METHANOL PRODUCTION production of downstream chemicals

DERIVATIVE FUELS (~55% of global consumption)
CHEMICALS
MATERIALS ) )
Acetic Acid Fooce Adfsies Pakis o * Increasingly, the fastest growing
Methyl Methacrylate (MMA)  PMMA-LCD Screens, Automotive Manufacturing Gasoline Blending/Substitute Segment is where it is consumed as a
Silicone Sealants, Lubricants, Medical Equipment, Insulation Diesel Blending/Substitute ) . o
LTTTLITT] otefins Plastics, Ethyl propylene, Polypropylene Bio-Diesel Production fuel, in numerous applications (~45%)
| II II Formaldehyde Medium-Density Fibreboards (MDF), Plywood Methyl tert-butyl ether (MTBE)
Dimethyl-ether (Displacing LPG)
e
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Demand W) NSTITUTE

* Demand and Supply have largely
been in balance over the past 20
years

Methyl teri-butyl eth MTBE . .
7 et « ~32M mtpa traded internationally

o China imports >10M mtpa

Methyl chloride (chloromethane)
2%

Methylamines

/§ « Broad sub-vertical markets
MaL I (MME) across both chemicals and fuel

applications means

o Less price volatility
pj/methyl ether (DME)
o o Predictable supply

Methanol-to-olefins

B Fuel uses 25% o Consistent quality

Wy Chemical uses

Source: Based on data from MMSA (2020)
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Availability

ESTABLISHED TRADING HUBS

Efficient break bulking, swaps, blending
Transparent price assessments
Standards and safe handling

Lowers entry costs

@ Ports with confirmed methanol supply/storage
@ Ports with private bulk liquid storage
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Transitional benchmarking & scaling

Targeted reductions :
relative to Biomass
reference year :

2020 Reference year

2025 I 2% Renewable
electricity

2030 6% '

2035 4 13%

2040 4 26%

2045 J/59%

2050 \1/75% Matural gas

Sources: IMO, IRENA
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Renewable fuels play a critical role

A 1.5° C Scenario featuring 80% decarbonisation is based on four key measures

Renewable Fuels

1. Indirect electrification via e-fuels Comparison of CO, emissions associated with each scenario, 2018-2050
» 60% decarbonization :

2. Direct employment of advanced biofuels
» 3% decarbonization

Energy Efficiency
3. Improvement of vessels’ energy efficiency c 400
> 20% decarbonization :

Systemic changes in global trade dynamics .
4. Reduction in final energy due to sectoral RO HNMINONRAOANNINONVAHYNTIVYE QOO
activity changes (reduced oil demand,
circular economy) w— B3se Energy Scenarioc e Planned Energy SCenario
» 17% decarbonisatipon

IRENA 2022
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EVOLVING POLICY

Low-carbon energy Clean up exhaust
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Speed reduction Hull coating Machinery : Carbon capture I
- improvements I and storage !
SRS Hull- |
Vessel utilization optl:mi;artr;:)n Waste-heat recovery : :
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Vasselcize Air lubrication Engine de-rating Hydroge I :
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Source: DNV
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Potential pathway ahead w NsTITU

Eocus: Present 1.5° C scenario energy pathway, 2018-2050

Energy Efficiency 12.00 18.00
16.00
Focus: Short-Term 10.00 cans
:  Biofuels ’ _ - I
; o 8.00 1200 &£
i  Focus: Mid-to Long-Term S 10005
i Carbon neutral, “hydrogen dense” : g ©6.00 e
3 6.00 ¢
g 400 w00 £
- : : 200 5
By 2050, shipping will require 2.00 c
0.00
a total of 46 MMT of carbon
0.00 0.00
neutral hydrogen for e-fuels 2020 2030 2040 2050
production @ HFO/VLSFO @ MGO Avanced biofuels LNG
> 73% e_ammonia ® c-Ammonia @ Hydrogen @ e-Methanol @ Electricity Energy intensity

» 17% e-methanol
» 10% liquid H,

Based on current technology, this equates to 500GW of electrolyser and 1,000 GW* of renewable electricity capacity

IRENA 2022 *IGW = 3.125 million PV panels (based on a silicon model panel size of 320 watts) or,
333 Utility-Scale Wind Turbines (based on the average utility-scale wind turbine size of 3MW installed)
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Cost scenario

Estimated Costs in USD

2015 — 2018 2030
Cost of green H, ($/t H,) 4000-8000  1800-3200 900 — 2000
Cost of CO, ($/t CO,) © 50 — 100 50 — 100 50 — 100
MOET Xl Clieli 870 — 1690 460 — 790 290 — 560
C‘(’;t/ f:n":gtl_'l‘)a(:f' Ca;gg;tcgg‘: i(z)o‘c 780 - 1610 370 - 700 200 - 480
Casrfg;/tcgj;t(d?f 700 — 1520 290 - 620 120 -390

--------------------

(a) Source: (IRENA, 2020)

(b) assuming $50 per ton synthesis cost for e-methanol once the raw material, H, and CO, are provided

(c) Origin of the CO, will change over time as volumes increase

(d) The carbon credit per ton of e-methanol is based on the difference between the average CO,eq emissions from methanol production from natural gas

(95.2 gCO,eq/MJ) and average CO,eq emissions from e-methanol production from renewable CO, and H, (8.645 gCO,eq/MJ). Considering a LHV of 19.9
MJ/kg for methanol, this corresponds to a 1.72 tCO,eq of emission avoided per ton of e-methanol, compared to traditional natural gas based methanol.
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PO“Cy&Tlmlng W) NSTITUTE

Market-based measure

CO, price Sets a price on CO, TBD

emissions Operational requirement FuelEU

Well-to-wake fuel GHG
intensity

Fleet emissions

| ' Maritime
GHG Fuel Operational requirement

Well-to-wake fuel GHG
Standard intensity

Operational requirement
Actual carbon intensity

» Establishes clear guidance
» Creates initial benchmark
 Reduces ‘gap’

Design requirement for
existing ships
Ideal carbon intensity

N - —————————

e / B * Improves investment outlook
] i . . L
Eotirunsderboninensiy | 2023 ; i Enables creation of critical
improvement 3 ecosystems
I
Reporting of actual fuel E
consumption and CO2 2019 E Reporting of actual fuel
BRECID0S Al 2018 [ consumption and CO2 EU MRV
j emissions

Management requirement

Continuous energy 2013
efficiency improvement

* Avoids sacrificing ‘GOOD’ for
‘EXCELLENT’

Design requirements for
new ships
Ideal carbon intensity

Source: DNV
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