Il THE METHANOL PATHWAY TO HYDROGEN Il

Dave Edlund

SPEAKERS

Partnerships
Ballard Power Systems

Webber Research & Advisory

Anthony Gurnee Nicolas Pocard Robert Meaney Gregory A. Dolan Christian R. Somborn Tim Chan
Co-Founder & CEO CEO, President, Director Vice President Director of Engineering CEO Director Business Development Manager, Government
Element1 Ardmore Shipping Marketing & Strategic & Technology Methanol Institute Proman and Public Affairs (Asia/Middle East)

7 MODERATOR =

Methanol Institute

w

.

o

May 26, 2021, Wednesday 0800 HRS (PDT), 1600 HRS (CET), 2300 HRS (SGT)

€

Ardmore Shipping

paLaRD @) (KBS Gy weseER @ ME

HANOL
TITUTE



W) INSTITUTE

The Methanol to Hydrogen
Pathway

May 26 2021
Singapore | Washington | Brussels | Beijing | Delhi




W I NSTITUTE

 The Methanol Institute (MI) was established in 1989

 Three decades later, Ml is recognized as the trade association for the global methanol industry

* Facilitating methanol’s expansion from our Singapore headquarters and regional offices in
Washington DC, Brussels, Singapore, Beijing and Delhi.
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2020: Methanol Demand W I NSTITUTE

Methyl tert-butyl ether (MTBE)

Methyl chloride (chloromethane) 11%

2%

Methylamines

Methyl methacrylate (MMA) -~
o

Dimethyl ether (DME)
3%

Methanol-to-olefins
Fuel uses 25%

W Chemical uses

Source: Based on data from MMSA (2020)
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Driven by China MTO
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m Others
Methanol-to-Olefins

® Fuel Cells

= DME

M Biodiesel

m Gasoline Blends/Combutstion

®m Methyl Chloride (Chloromethane)

B Methylamines

Hm Methanethiol (Methyl Mercaptan)
Dimethyl terephthalate (DMT)

m Methyl Methacrylate

m Methyl tert-Butyl Ether (MTBE)

Acetic Acid
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5-Fold Demand Increase W I NSTITUTE
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Brown, Grey, Blue, Green W (NSTITUTE

Biomass

Renewable

electricity

Natural gas

®BIRENA

INNOVATION
OUTLOOK

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
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Cost of Production W NSTITUTE

Current production Current production

cost levels cost levels
Mature production Mature production
cost levels cost levels

A carbon credit of USD 50/t CO, would
lower renewable methanol production cost
by about USD 80/t MeOH

1600 1620

USD/tonne

820

764 553
600
400 327
200 227
o Current fossil
methanol cost B IRENA
0
Bio-methanol < USD 6/GJ E-methanol - CO, from combined
feedstock cost renewable source

Notes: MeOH = methanol. Costs do not incorporate any carbon credit that might be available. Current fossil methanol cost and price are from
coal and natural gas feedstock in 2020. Exchange rate used in this figure is USD 1= EUR 0.9.
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Green Methanol Plants and Projects W I NSTITUTE

Commercial and Announced Renewable Methanol
Projects
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Blue Methanol

W I NSTITUTE

.:./.Utilization of recovered CO, from CDR unit

GPCA Methanol Seminar | Impacting Global Energy Market qpca

Pz Coverkiing
CO2 Utilization To Methanol Production

5000 MTPD Clean Methanol Plant

(426,022 ) [ 214,034) A %

Natural Gas Electrical Grid

T/ T/
& 610056 'ED 758,076 [l
L

T/yr

" o

ml. I[4 h
IS

Industrial CO2 Capture == AChT Methanol Plant Electrolysis

Emitter
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Methanol m

To reduce the carbon intensity of methanol production from natural
gas, a number of companies have developed low carbon or blue
methanol processes

Celanese and Mitsui will capture 60% of CO2 emissions from Fairway
Methanol (US) to make sustainable methanol

Methanex injects captured CO2 from a neighboring plant at Medicine
Hat (Canada)

Qatar Fuel Additives Company recovers CO2 from the reformer flue
gas and re-injects to synthesis loop

Baofeng Energy in China is building green hydrogen plant to feed into
coal-based methanol plant to increase capacity and reduce CO2

Advanced Chemical Technologies is planning a plant in Canada using
waste CO2 from neighbor and 660 MW electrolyzer powered by
hydroelectricity

Johnson Matthey Leading Concept Methanol uses renewable
electricity for all compressor drives, including ASU

Haldor Topsoe is developing a compact fully electrified methane steam
reformer
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“Mass Balance” Bio-Methanol W (NSTITUTE

Case study In order to meet the energy-related targets set by the SDG’s, the

BASF p rOd uces meth a nOl acco I‘d i n g Biofuels reene world needs to triple its transport biofuel consumption by 2030

to the biomass balance approach

BASF has started production of methanol on the basis of renewable raw materials 1w o e : = i plants. 7 f
according to the biomass balance approach. The product name is EU-REDcert- )
methanol. The company replaces fossil raw materials with second-generation

Feedstocks include:

renewable raw materials and uses waste as well as residual materials.

Gilobal bio-m

As a result, BASF reduces emissions of climate- produc
H H damaging greenhouse gases by at least 50 percent
H = / compared with conventionally produced methanol.

\C O In terms of its chemical and physical characteristics,

biomass balanced methanol is identical to methanol

Proportion:
/ produced from fossil resources. BASF markets the -
H EU-REDcert-methanol to customers and also uses it
itself as an intermediate for other biomass balanced
products.

-

W - ProductA | [|SCC .

Circular
feedstocks

-= WWWLISCT-5ystem.org
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MIX supporting
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China e-Methanol Project W NSTITUTE

 16-17 Oct 2020: 500 Chinese top
scientists and leaders from renewable
energy, fuels cells and methanol
production industries attended Green
Hydrogen and Liquid Sunshine Forum in
Lanzhou organized by Dalian Institute of
Chemical Physics.

* The forum celebrated opening of China
and the world’s first large-scale solar to
methanol project producing 2,000
metric tones per year of methanol
supplied by a 10 MW solar PV farm.
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Bio-Methanol Plants W nsTiTuTE

Trans World FEED done,
Energy (TWE), start-up G2 875 000 430 430 7o TWE
Florida (US) 2023
Basic
EMI Refinery, engineering
Livorno (T) ready Q3 15 000 IZ0 2900 4280 MaoxtChem
2020
LowLand Start-up early LowLand
Methanol (ML} 2023 120000 Lk LLLL L Methanol
Sodra (SE) Operational 5 000 mn 2220 3230 Sodra
Enerkem, . .
Rotterdam (NL) Engineering 215000 580 2690 T840 Enerkem
Enerkem, . _
Tarragona (ES) Engineering 215000 580 2690 840 Enerkem
Detailed
VIT study 265 000 385 1450 2070 V1T
Do Preliminary 1.7 goo 390 2640 1400  Chemrec
Domsja (SE) engineering
EI';EHTH- Mh Concept 200000 540/270° 1880/930° 2740/1370° Chemrec
New Hope Imvestment Naw Ho
Energy, Texas decision G4 715 000 500 700 1020 E pe
(us) 2020 nergy
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Heman 0, from limekiln
China Shuncheng 2022 10 000 methanol™  and H, fromcoke  CRI, 2020
Group/CRI oven gas
C0, from L
Swiss Liquid ferrosilicon plant Emﬁ:?gé%a
Norway Future/ n/k 80000  e-methanol and H, from Swiss Liguid
Thyssenkrupp water electrolysis Ene ?020!3
(hydropower) !
e-methanol el Consortium of
lealand CRI 20m 4000 and H; from water  CRI, 2020 . CO;and H, from  Stefansson,
(Vulcanal) = Norway companies/ 2024 100 000 e-methanol water electrolysis 2019
electrolysis CRI ’
Dalian Institute €O, and H, from Ll Ozl o
. - ; Canad H 120 000 thanol ater electrolysi RH,C, 2020
China of Chemical 2020 1000  emethanol water electrolysis ~ AAAS, 2020 — == ik SRR e
Physics (PV)
Consortium
sjlii o Upcycled industrial | o Bolgium itthe port of n/k 2000  e-methanol 52,:;";“&;:;@;5 INOVYN, 2020
Sweden  Liquid Wind r;:i”tigs by 45000  e-methanal CO,and H; from 2-:?21:1 . nwerp
water electrolysis
2030) :
Consortium 46 000- Industrial CO; and
Belgium at the port of n/k 180 000 e-methanol  H,; from water aet, 2019
Biogenic CO, and Ghent electrolysis
Australia AEEL Emergy,
ABEL 2023 B0 000 e-methanol  H; from water :
(Tasmania) = 2020 Consortium
electrolysis oo,
;h:he land Gasunie/ 'k 15000 e-methanol Cgt’ ammH; frlorr! MNouryon, 2020
etherlands .- o2 water electrolysis
others
_ C0; and H, from .
Germany Dow 'k 200000  e-methanol water eloctrolysis Schmidt, 2020
CO, from MSW
and biomass.
H, from water
Consortium of alactrolysis
Denmark companies 2023-2030 'k e-methanol (offshore wind). Maersk, 2020
Upto 13 GW
electrolyser
capacity by 2030
C0, from cement
Germany Consortium n/k n'k amethangl Plantand H, from - Westhnste 100,

water electrolysis 2020
(wind)
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E-Methanol Demo Plants W I NSTITUTE

Technology 50 000- 0, and H, from
s L provider 100 000 e water electrolysis S
C0, and H, waste /
stream from steel Thyssenkrupp, ~
Sweden  FraSMe 2019 1td  e-methanol® manufacturing FReSMe, 2020 Gormany  Uhde/Swiss  Bamolody 3600~ e CO:andHifrom  Thyssenkrupp,
and H, from water Liquid Future provider 72000 water electrolysis ~ 2020a
electrolysis
Power plant flue
gas €O, and iz Technology 8 200- CO,andH,from =%
Germany MefiCO, 2039 1tAd e-methanal ERaninaier MefCO,, 2020 Germany Engineering / - 4 e-methanal 2 2 . Engineering,
i " provider 16 400 water electrolysis
electrolysis BASF 2020
CO, from biogas
Power2Met .
. and H; from water REintegrats,
i 2
penmark Ezzlssc:lrtium o SOOLA emethenal gectrolysis (wind - 2020 Denmark  Haldor Topsoe Technology . ble  emethanol Co:andHafrom oL,
and solar) provider water electrolysis '
CO,/CO/H, from
steel mill gases Carbon2Cheam,
- =
Germany Carbon2Chem 2020 50L/d  e-methanol and H, from water 2020 Variable
alectrolysis United Johnson Technology 100 000-  e-mathanol C0; and H, from M. 2020
Kingdom Matthey provider water electrolysis !
ALIGN-CCUS CO, from power 1700 000
. . . plant flue gasand  ALIGN-CCUS,
Germany ?mjen:EtCIEHE 2020 50LA4d e-DME i 2020
rom LU electrolysis
Swiss Liquid CO, and H, from Swiss Liguid
Sl Future L e Tl water electrolysis ~ Future, 2020a
Total/Sunfire 0, from a refinery
Germany e-CO;Met 2022 15 t/d e-methanol and H; from water  Total, 2020
project electrolysis
Bse
Engineen
et fgf;”r CO,andH, from  bse
Germany Frnreils 2020 28L/4d e-methanol  water electrolysis  Engineering,
Energy (wind) 2020
Systems (IRES)
Mitsui
Japan Mitsui 2009 W0ty  emethanol i';*ﬂﬁ'g;:;ﬁ;s Chemicals,
N 2009, 2010
Korean
Institute of
Science and (O I [FITE
Korea Tachnology 2004  100kg/d emethangl Dantfluegasand o 555,
(KIST)/ H, from w_ater
CAMERE electrolysis
process
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Farmed wood

Farmed wood

Farmed wood
(current to near term)
Farmed wood
{movel medium term)

Waste wood

Waste wood

Waste wood
Waste wood

Waste wood
Waste wood
Wood

Wood chips
Black liquor

Black liquor
Black liquor

Black liquor
Crude glycerine

Biogas

Biogas (manure, crops)
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Majer and Grongroft,
2000

RED Il, Annex V, 2018
(EL), 2012)

Chaplin, 2012

Chaplin, 2013
Majer and Grongroft,
2010

RED I, Annex V, 2018
(EL), 2018)

Ransch et al, 2014
BLE, 2017
Chaplin, 2013

Ellis and Svanberg,
2008

Kajaste et al., 2018
Ecoinvent, 2019

RED I, Annex V, 2018
(EU, 2018)

Lundgren et al., 2017
Chaplin, 2013

Ellis and Svanberg,
2008

Chaplin, 2013
Chaplin, 2013

Majer and Grongroft,
2010

Renewable electricity,
flue gas from biomass
plant

Renewable electricity,
0, from ethanol plant

Renewable electricity,
CO, from biogas
process

Renewable electricity,
C0O, from ethanol plant

Renewable electricity,
CO; captured from coal
power plant
Renawable electricity,

flue gas (geothermal
energy plant)

Renewable electricity,
flue gas from biomass
plant

Matural gas

Matural gas

Matural gas

Matural gas

Hard coal

Hard coal

Lignite

(B)

(A)

(E)

(D)

[0}

(A)

(A)

B

[(®)

(A)

(A)

(B)

)

(A)

3.23

05

23

331

121

1.74

1016

a4

o9

944

262

219

170.8
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Buddenberg et al.,
2016

Matzen and Diemirel,
2006

Hoppe et al, 2018

Kajaste et al, 2018

Kajaste et al, 2018

CRI, 2020

Chaplin, 2013

Ecoinvent, 2019

Kajaste et al., 2018

Ellis and Svanberg,
2008

Chaplin, 2013

Ecoinvent, 2019

Kajaste et al., 2018

Ronsch et al, 2014
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GREET Model

Argonne GREET: Marine Methanol Pathways
GREET Marine Methanol

Comparative LCA results: Select Methanol

PathWEIYSZ Pathways vs Prominent Marine Fuels
1. Methanol from Coal
2. Methanol from Natural Gas
3. Methanol from Flare Gas
4

Methanol from Renewable
Natural Gas

Methanol from Black Liquor
Methanol from Biomass

Life Cycle GHG Emissions
[8C0.e/MJ]

Hiy

HFO (0.5% S) LNG Methanol (Coal) Methanol (NG)  Methanol Methanal

E Feedstoc

U.5. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

@ www.methanol.org/join-us
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GREET & RED Il

GREET

Fossil comparator

Threshold for new installations
65% emission reduction

Greenhouse gas emissions (g CO,.,/MJ methanol)

@ www.methanol.org/join-us

MeOH from MeOH from MeOH from MeOH from MeQOH from Gasoline

biomass black liquor

MeQOH from MeOH from MeOH from MeOH from
waste wood farmed wood black liquor

End-use emissions

Distribution
® Supply (resource+conversion)
W Conversion process
® Transport feedstock
Plant carbon uptake
Renewable feedstock
M Fossil resource

4 Result
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Pathway

Methanol from natural gas
(66.5 — 71% process efficiency)

Methanol from flared gas
(66.5-71% process efficiency)

Methanol from coal
(43 — 58% process efficiency)

Methanol from biomass
(31 — 58% process efficiency)

Methanol from black liquor
(64.8% process efficiency)

Emissions

(8€0O,.,/M!J final product)

Feedstock
Processing
Combustion

Feedstock
Processing
Combustion

Feedstock
Processing
Combustion

Feedstock
Processing
Combustion

Feedstock
Processing
Combustion

9.1
15.3
68.8

8.5
-67.1
68.8

5.6
83.8
68.8

-66.5
2.5
68.8

-66.5
33.0
68.8

Data sources for proces steps

Wang 2007

Wang 2007

Wang 2007

Wu 2005

None

W I NSTITUTE

*  Wang M, Wu Y and Elgowainy A, 2007, Operating manual for GREET Version 1.7 revised ANL/ESD/05-3,
Argonne National Laboratory.

*  WuM, WuY and Wang M, 2005. Mobility Chains Analysis of Technologies for Passenger Cars and Light-Duty
Vehicles Fueled with Biofuels: Application of the GREET Model to the Role of Biomass in America’s Energy
Future (RBAEF) Project.

 ANL GREET research leader Mr. Michael Wang: “No thorough research was conducted to examine key input
assumptions for the methanol pathways”

@ www.methanol.org/join-us
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[EC JRC 2017 Definition of input data to assess GHG default emissions from biofuels in EU legislation]

Pathway Emissions Data sources for proces steps
(8C0O,.,/M final product)

Methanol from natural gas Supply 28.2 e Larsen 1998

(as input in FAME production) Combustion 68.9

Methanol from waste wood Cultivation 3.1 * Katofsky, 1993

(70% process efficiency) Transport feedstock 8.4 * Dreier 1998
Processing 0.0 * Paisley 2001
Transport/distribution final 2.0 * Atrax 1999

Methanol from farmed wood Cultivation 7.6

(51% process efficiency) Transport feedstock 6.6 » Same as for waste wood
Processing 0.0
Transport and distribution 2.0

Methanol from black liquor Cultivation 2.5 * Berglin 1999

(74% process efficiency from pulp) Transport feedstock 5.9 * Landalv 2007
Processing 0.0 * Ekbom 2005
Transport and distribution 2.0

Larsen HH, 1998, Haldor Topsoe A/S, Lyngby, 'Denmark: The 2,400 MTPD Methanol Plant at Tjeldbergodden', presented to 1998 World Methanol Conference, Frankfurt, Germany,
December 8-10, prepared by Anders Gedde-Dahl and Karl Jorgen Kristiansen, Statoil a/s, Tjeldbergodden, Norway.

Katofsky RE, 1993, 'The Production of Fluid Fuels from Biomass', The Center for Energy and Environmental Studies; Princeton University; PU/CEES Report No. 279, June 1993.

Dreier T, Geiger B, Saller A, 1998, Ganzheitliche ProzeRkettenanalyse fir die Erzeugung und Anwendung von biogenen Kraftstoffen; Studie im Auftrag der Daimler Benz AG, Stuttgart und
des Bayerischen Zentrums fiir Angewandte Energieforschung e.V. (ZAE); Mai 1998.

Paisley MA, Irving JM, Overend RP, 2001, 'A promising power option — the FERCO silvagas biomass gasification process — operating experience at the Burlington gasifier', Proceedings of
ASME Turbo Expo 2001, ASME Turbo Expo Land, Sea, & Air 2001, June 4-7, 2001 New Orleans, Louisiana, USA.

Atrax Energi AB, 1999, DME from biomass, report for IEA-Alternative Motor Fuels Agreement, Feb.

Berglin N, Eriksson H and Berntsson T, 1999, 'Performance evaluation of competing designs for efficient cogeneration from black liquor', 2nd Biannual J. Gullichsen Colloquiium, Helsinki,
September 9-10, 1999.

Landalv 1, 2007, 'The status of the Chemrec black liquor gasification concept', 2nd European Summer School on Renewable Motor Fuels, Warsaw, Poland, 29—-31 August 2007, slide 25.
Ekbom T, Berglin N and Loegdberg S, 2005, 'Black Liquor Gasification with Motor Fuel Production - BGMF II', Report for contract P21384-1 for Swedish Energy Agency FALT program. Table
4.4 p. 68.
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@ Energy-Efficient Process

CH;0H + H,O0 + heat - 3 H, + CO,
Ideal reaction—in reality, also get some CO (requires hydrogen purification)

> Unlike water electrolysis, very little electricity is required for methanol reforming to hydrogen
= Water electrolysis consumes 50 to 55 kWhr electricity/kg hydrogen
= Methanol reforming consumes <0.04 kWhr electricity/kg hydrogen

> Energy for methanol/water vaporization and reforming is supplied by combustion of waste-
gas stream

= 7.5 kWhr thermal energy yields 1.0 kg hydrogen
> High energy efficiency (84% LHV) is achieved in practice

www.elna.com 30




Three Product Families
Compatible with any Low-Temperature PEM Fuel Cell

All hydrogen generators are fully automated

S-Series (small stationary)
Up to 0.7 kg H,/hr
demonstrated

M-Series (mobility) L-Series (large stationary)
Up to 9.8 kg H,/hr demonstrated. Plan to scale-up at least 2x

31
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Stationary Applications

( HIGH-PRESSURE HYDROGEN STORAGE FOR DISPENSING )<

M-Series
Controller

Compressor
Controller

Methanol/Water

1

M-Series Hydrogen
Generator

H, pressure A
varies between |
limits

OPERATE COMPRESSOR TO MAINTAIN

OPERATE M-SERIES TO MAINTAIN HIGH-PRESSURE STORAGE

PRESSURE IN BUFFER TANK

Compressed —Hydrogen Fueling Station

ELECTRICAL
LoAD t

Battery Bank

Battery state of
charge (SoC) varies
between limits

Fuel Cell () Current
Controller Clamp

M-Series
Controller

Methanol/Water

-

M-Series Hydrogen Fuel Cell Module
Generator : :
H, pressure =

varies between

limits

OPERATE FUEL CELL TO MAINTAIN
SoC OF BATTERY BANK

OPERATE M-SERIES TO MAINTAIN
PRESSURE IN BUFFER TANK

Primary or Backup Stationary Power System

Low-pressure buffer tank simplifies interface to the compressor or fuel-cell

www.elna.com
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. Onboard Hydrogen Generation
Compressed H, vs. Methanol/Water Mix

Composite cylinders for hydrogen supply (80 kg H,) Location of composite cylinders for

At 7.5 miles/kg H,, range is 600 miles (max., no reserve) hydrogen supply (80 kg H,)

Time to drive 600 miles is estimated to be 11 hours Estimated weight is 1,100 kg
In 11 hours, M13 will deliver 77 kg H,

Consume 1,070 L methanol/water mix (283 gal)

vV V V VYV VY

= 62.5Wwt% methanol (=70% methanol by volume)

> In low mfg. volume, M13 will cost = 50% price of
composite cylinders for high-pressure hydrogen

M-Series Hydrogen Generator
Estimated weight is 900 kg

www.elna.com



. Generate Onboard Heavy-Duty Vehicle

Eliminates Need for High Pressure Hydrogen

> Onboard hydrogen generation
beats compressed hydrogen on:

= Capital cost
= Size

= Cost of hydrogen

= Range

www.elna.com

M-Series Hydrogen Generator

>

Three operating states: ON, OFF, and HOT
STANDBY

HOT STANDBY to ON is achieved in one to two
minutes

Fuel cell should be sized to meet the average
load demand

Battery bank provides instantaneous power
and peaking power



@ Commercial Opportunities

> Hydrogen fueling stations

> Hydrogen generation onboard
heavy vehicles
= Trucks
= Trains

= Ships and boats

> Auxiliary power in maritime

applications Road Testing by FAW Liberty in

Changchun, China (2020)

> Distributed generation

=  Backup
M-Series Hydrogen Generator

= Microgrids (Gen2)

www.elna.com
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Webber Research: Overview

%% RESEARCH | ADVISORY

Wges=m

Hydrogen Roadmap
Future of Vehicle Transportation — Part 1

Wges=m

Hydrogen Roadmap
Future of Transportation — Part 2

Wgeeam

Hydrogen Roadmap
Future of Transportation — Emissions, Feedstock, and

......... e e ) %%v WEBBER

Future of Transportation (Part 4)

Alternative Fuel Vehicle Rankings: Multi-Factor Model
Class 8 Trucks » Delivery Vans » Trucks & Small Vehicles
Q21

Webber Research & Advisory Services:

O Independent Research

® Market Research

® Renewable Energy & Capital Projects

® Fireside Chat Series With Industry Leaders
O Technical Project Consulting

® Capital Projects: Independent Engineering

®* Emerging Technologies: Technical Due Diligence

®* Renewable Transition: Future Fuels & Energy Storage
O Armistead Street Partners - Advisory

® Strategic Consulting & Advisory

® C(Capital Connections & Private M&A

®* Emerging Technology Screening & Sourcing

Webber Research Combines Independent Research, Technical Consulting & Finance.

Webber Research & Advisory: Energy & Utility Infrastructure « LNG « Renewables ¢« EPC Risks

MWESrESI -
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Hydrogen Carriers: Hydrogen’s Midstream %% WEBlBER

Natural Gas R Gray/Blue tRenewable Energy & H20 )
i Hydrogen
Carbon Neg_;atlve C02 . co2 | >_ Upstream
H CO2 & H2
2 Production
_
™
Compressed H2
Midstream
H2 Transportation
Conversion back to H2
_
| ™
A 4
Downstream
Finished Product
Hydrogen Vehicles Powel_-
Generation
_

Hydrogen Vehicle’s Midstream Fuel Supply Pathways.

: " ) \MKElrPIC)
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Hydrogen Carriers: Safety %% WEBlBER

Fuel Safety Analysis From Baker Risk

0 7
Larger Circles =
:; More Energy Per Kg
Z
S LNG
3 Hydrogen
21,000 |-
p £ CNG
r @ Liquids At
] r Atmospheric
£ T . Temp &
= . Ammonia Pressure
© o
TS )
“6 100 T '(% __________________________________________________________________________________________________________________
- ‘ Methanol @
g BAKERRISK.
i Ethanol Identify | Evaluate | Solve
T Biofuels
Speed of Explosion
10 n |
10 100 1,000

Laminar Burning Velocity (cm/s)

Methanol Has Many Of The Same Physical Properties Of Gasoline And Diesel.

1) Conditions for these fuels include: Methanol - 70F, 15psi, Ethanol - 70F, 15psi, Biodiesel - 70F, 15psi, Diesel — 70F, 15psi, Hydrogen - 70F, 250bar, Ammonia — 70F, 20psi, CNG - 70F, 250bar, LNG - -300F, 75psi
Source: Company & Regulatory Filings, W|EPC Analysis

: " ) \MKElrPIC)
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Hydrogen Carriers: Logistics %% WEBlBER

Logistics Overview Hydrogen Logistics

o H2 Sold By Kilogram, Not Gallon: H2 sales price at the pump is 160 - Water Added
determined by its weight and not volume. At Point Of
Y 140 - Sale
s
o Why Does This Matter: To reduce H2's midstream costs, the focus % 120
should be on getting the most kg of H2 to the end user in 1 transport. _g 00
1 —
o
~
o Methanol As A Carrier: Methanol combines with water at the point of § 80 -
sale to generate 30-40% more hydrogen than Methanol carries. _g 60 -
z
o Storage Considerations: Process facilities weigh logistics in the design 2 a0 -
of their on-site storage capacities. Below is a brief comparison of CAPEX 20 -
vs Hydrogen Capacity:
° "~ 0 -
Methanol: ~$7/kg H2 Methanol Ammonia - Hydrogen - Hydrogen -
*  Ammonia: ~$23/kg H2 Reforming Liquid Compressed Liquid
* Cryogenic H2: ~$162/kg H2 Liquid at

Atm Temp

* Compressed H2: ~$900/kg H2 & Pressure

A 10,000 Gallon Tanker Truck Of Pure Methanol Produces ~5,000kg Of Hydrogen.

Source: Company & Regulatory, DOE Storage Costs, W|EPC Analysis

: " ) \MKElrPIC)
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Hydrogen Carriers: Methanol Vs. Ammonia %% WEBlBER

Ammonia - Converting Ammonia to Hydrogen requires higher heat (600C to 900C = Outside Heat Source), more expensive equipment, and
large centralized facilities for Hydrogen distribution to end users. Public spaces cannot currently convert Ammonia to Hydrogen without high
costs and/or public safety risk.

Hydrogen Ammonia Transportation Cracking Back to Store / Transport
Production Processing P H2 Compressed H2

Sell H2

>50% of Hydrogen’s Cost Occurs After
Hydrogen Leaves The Production Facility.

Convert To H2 &

Hydrogen Methanol
Production Processing

EEeg [ransportation
|

Sell

Methanol - Methanol can convert to Hydrogen at lower temperatures (300C to 450C). Methanol also leverages existing liquids infrastructure
and converts to Hydrogen with proven technology that is less expensive, safer, and with a limited footprint.

Methanol Can Utilize Gas Station Storage With Existing Safety Measures.

Source: Company & Regulatory Filings, W|EPC Analysis

: " ) \MKElrPIC)
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Hydrogen Carriers: Build-Up Costs (No Tax Incentives) %% WEBlBER

$16 1 ® Facility CAPEX mOPEX Transportation ®m Gas Station

5 $14 -
o
_g $12 - Remove Gas
> Station Costs
o For On-Board
w $10 - Reforming
o
" /
o $8 -
O
[0
E $6 - .
0
g s$4
N\
o

$2 1

$0 -

Air Products| Bayotech One-H2 Electrolysis Green Gray Blue Green
SMR SMR SMR On-Site Methanol Methanol Methanol | Ammonia
Natural Gas Electricity Methanol Ammonia

Methanol Provides A Great H2 Solution Due To Storage, Transportation, And Low Conversion Costs.

Source: Company & Regulatory Filings, W|EPC Analysis

: " ) \MKElrPIC)
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Hydrogen Carriers: Hydrogen Fueling Costs %% WEBlBER

Toyota Mirai’s $15K H2 Fuel Incentive vs. Miles Driven

S $18.00 - - 120,000

g $16.00 - =
2z - 100,000 ©
o $14-00 ] / (@)
8 —
S $12.00 A - 80,000 =
X / 8
©  $10.00 - 5
< - 60,000 S
S $8.00 - §
e $6.00 A - 40,000

3

a $4.00 -

b - 20,000

2 $2.00 -

S

o $- -

I

Compressed H2 Cryogenic H2 Green Methanol

50% Of LCFS
Tied To
Reducing H2
Costs

Cost Of H2 At The Pump ($/kg) ——No. Of Miles Driven

Pricing: Compressed H2 ($16/kg), Cryogenic H2 ($13.14/kg), Green Methanol ($1250/MT)

Green Methanol Decreases Costs & Emissions While Increasing Miles Driven By >40%.

Source: Company & Regulatory Filings, W|EPC Analysis
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Hydrogen Carriers: Low Carbon Energy Comps (Turbines: 200MW for 1 Year) %% WEBlBER

1,200,000 A
] Blue Ammonia to H2
Larger Circles =
Higher Fuel Costs

1,000,000 A
m
C
(@)
= Bio-Methanol
2 800,000
[0}
Z
5 600,000 - Bio-Methanol to Hydrogen
=
3
2]
5
O 400,000 - Blue Ammonia
§ Hydrogen

200,000
$200 $250 $300 $350 $400 $450 $500

Power Cost ($/MW)

Pricing: Blue Ammonia ($750/MT), Bio-Methanol ($800/MT), Hydrogen ($10/kg)

Blue Ammonia’s Use In Large Scale Turbine Systems Make It A Good Fit For Power Generation.

Source: Company & Regulatory Filings, W|EPC Analysis
v
Webber Research & Advisory: Energy & Utility Infrastructure « LNG « Renewables ¢« EPC Risks %% gIQS@K Sll n
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Hydrogen Carriers: Low Carbon Energy Comps (Fuel Cells & Engines: 1MW for 1 Year) %% WEBlBER

7,000 -

6,000 A Higher Fuel Costs
m
S
— 5,000 -
O
g Blue Ammonia to H2 (FC)
< 4,000
©
()
£
2 3,000 -
s 7 Bio-Methanol to H2 (FC)
O
Ko
T 2,000 -

1,000 A Hydrogen (FC)

$200 $250 $300 $350 $400 $450 $500 $550 $600

Power Cost ($/MW)

Pricing: Blue Ammonia ($750/MT), Bio-Methanol ($800/MT), Hydrogen ($10/kg)

Methanol Provides The Best Mid-Scale Power Benefits Using Fuel Cells.

Source: Company & Regulatory Filings, W|EPC Analysis
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Michael Webber, CFA Eric Smith Greg Wasikowski, CFA Chris Tsung, CFA
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michael.webber@webberresearch.com eric.smith@webberresearch.com greg.wasikowski@webberresearch.com chris.tsung@webberresearch.com
W: (646) 993-0693 W: (346) 337-7788 W: (646) 993-0694 W: (646) 998-8290

M: (434) 409-8909 M: (717) 919-3367 M: (646) 515-9957

Robert Meaney Walter Lobo Tim Biggins

Managing Director - Energy Engineering Institutional Sales Operational Partner
robert.meaney@webberresearch.com walter.lobo@webberreasearch.com tim@nephronresearch.com
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Webber Research: Disclosures %% WEBBER

Important Disclosures, Disclaimers and Limitations of Liability

Certification. The views expressed herein reflect the personal views of the research analyst(s) on the subject securities or issuers referred to. No part of any Webber Research & Advisory LLC (“"Webber”) research analyst’s compensation is or will
be directly or indirectly related to the specific recommendations or views expressed.

This publication has been reviewed by Webber in order to verify compliance with Webber’s internal policies on timeliness, against insider trading, disclosures regarding ratings systems, conflicts, and disciplinary matters.

No Advice or Solicitation. Webber is an independent research provider and is not a member of the FINRA or the SIPC and is not a registered broker-dealer or investment adviser. The reader acknowledges the following: (1) you are capable of
making your own investment decisions and are not doing so in reliance of the content provided in this document; (2) neither Webber or any individual author of this material is recommending or selling any securities to you; and (3) the content
contained herein has not been tailored to any person’s specific investment objectives and is not intended or provided as investment advice.

The information contained herein is not intended to be an inducement, invitation or commitment to purchase, provide or sell any securities, or to provide any recommendations on which individuals should rely for financial, securities, investment
or other advice or to make any decision. Information herein is for informational purposes only and should not be construed by a potential subscriber as a solicitation to effect or attempt to effect transactions in securities, or the rendering of
personalized investment advice for compensation. Webber will not render specific investment advice to any individual or company and the content contained herein has not been tailored to the individual financial circumstances or objectives of
any recipient. The securities and issuers discussed herein may not be suitable for the reader

Webber recommends that readers independently evaluate each issuer, security or instrument discussed herein and consult any independent advisors they believe necessary prior to making any investment decisions. Investment decisions should
be made as part of an overall portfolio strategy and you should consult with professional financial, legal and tax advisors prior to making any investment decision.

For Informational Purposes Only. This publication is provided for information purposes only, is hot comprehensive and has not been prepared for any other purpose. All information contained herein is provided "as is" for use at your own risk. The
views and information in this publication are those of the author(s) and are subject to change without notice. Webber has no obligation and assumes no responsibility to update its opinions or information in this publication. The information
contained in this publication whether charts, articles, or any other statement or statements regarding market, stocks or other financial information has been obtained from sources that Webber believes to be reliable, however Webber does not
represent, warrant or guarantee that it is accurate, complete or timely. Nothing herein should be interpreted to state or imply that past results are an indication of future performance.

Rating System. Webber uses an absolute rating system which rates the stocks of issuers as Buy, Sell, or Hold (see definitions below) backed by a 12 Month price target. Each analyst has a single price target on the stocks that they cover. The
price target represents that analyst's expectation of where the stock will trade in the next 12 months. Upside/downside scenarios, where provided, represent identified potential upside/potential downside to each analyst's price target over the
same 12-month period. Buy - Current stock price generally represents upside to our 12-month price target of 20%+. Sell - Current stock price generally represents downside to our 12-month price target of 20%+. Hold - Current stock generally
represents limited opportunities on both the long and short side over 12-month period.

The entire contents of this publication should be carefully read, including the definitions of all ratings. No inferences of its contents should be drawn from the ratings alone.1
EPC Risks is a contributing data and analytics provider to Webber Research & Advisory.

From time to time Webber and/or its employees act as consultants for companies within its covered sectors. The materials provided by Webber Research include investment research from an individual that is also a registered representative of
an unaffiliated broker-dealer. To mitigate any potential conflicts of interest, the individual adheres to the policies and protocols of both Webber and the broker-dealer as well as applicable restrictions published and provided by the company

Disclaimer Regarding Forward Looking Statements. The information herein may include forward looking statements which are based on our current opinions, expectations and projections. All ratings and price targets are subject to the realization
of the assumptions on which analyst(s) based their views. The assumptions are subject to significant uncertainties and contingencies which may change materially in response to small changes in one or more of the assumptions. No
representation or warranty is made as to the reasonableness of the assumptions that contributed to the rating or target price or as to any other financial information contained herein. Webber undertakes no obligation to update or revise any
forward looking statements. Actual results could differ materially from those anticipated in any forward looking statements. Nothing herein should be interpreted to state or imply that past results or events are an indication of future
performance.

IRS Circular 230 Prepared Materials Disclaimer. Webber does not provide tax advice and nothing contained herein should be construed to be tax advice. Please be advised that any discussion of U.S. tax matters contained herein (including any
attachments) (i) is not intended or written to be used, and cannot be used, by you for the purpose of avoiding U.S. tax-related obligations or penalties; and (ii) was written to support the promotion or marketing of the transactions or other
matters addressed herein. Accordingly, you should seek advice based on your particular circumstances from an independent tax advisor.

No Warranties. Webber disclaims to the fullest extent permitted by law any warranties and representations of any kind, whether express or implied, including, without limitation, warranties of merchantability or fitness, for any purpose and
accuracy or for any other warranty which may otherwise be applicable or created by operation of law, custom, trade usage or course of dealings. Webber makes no representation that (i) the content will meet your requirements, (ii) the content
will be uninterrupted, timely, secure, or error free, or (iii) the information that may be obtained from the use of the content (including any information and materials herein) will be compliant, correct, complete, accurate or reliable. THERE ARE
NO WARRANTIES EXPRESSED OR IMPLIED, AS TO ACCURACY, COMPLETENESS, OR RESULTS OBTAINED FROM ANY INFORMATION.

Disclaimer of Liability. We shall not accept any liability with respect to the accuracy or completeness of any information herein, or omitted to be included herein, or any information provided, or omitted to be provided, by any third party. We shall
not be liable for any errors or inaccuracies, regardless of cause, or the lack of timeliness, or for any delay, error or interruption in the transmission thereof to the user. TO THE FULLEST EXTENT PERMITTED BY LAW IN YOUR JURISDICTION, IN
NO EVENT SHALL WEBBER BE LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL PUNITIVE, SPECIAL OR INCIDENTAL OR OTHER DAMAGES ARISING OUT OF THE CONTENT.

Reproduction and Distribution Strictly Prohibited. © Copyright Webber Research & Advisory LLC. No part of this publication or its contents may be downloaded, stored in a retrieval system, further transmitted, or otherwise reproduced or
redistributed in any manner without the prior written permission of Webber. The contents herein are directed at, and produced for the exclusive use of Webber clients and intended recipients. No license is granted to Webber clients and/ or the
intended recipient Webber will not treat unauthorized recipients of this publication as its clients.
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BALLARD

Fuel Cell Innovators for
Over 40 Years



Heavy-Duty Motive

Focusing where fuel cells
deliver the strongest value

BALLARD

proposition
1 Growth
We deliver fuel cell | in regions supported by
power for a Bl decarbonization policies
sustainable planet _
Leadership

in technology and cost
reduction




BALLARD

Hydrogen is most competitive in heavy duty motive applications

Buses & Coaches Trucks Trains

Our focus is on applications where hydrogen fuel cells have a clear advantage




BALLARD . Strong

value proposition

Centralized
depot refueling

Why medium- and
heavy-duty motive
applications?

Disproportionate
emissions from
hard-to-abate mobility
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BALLARD

The advantages of
fuel cells over battery
electric vehicles

Only fuel cell vehicles can directly
replace diesel, route for route

Refueling time
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BALLARD

Ballard by the Numbers
A -

42 en

YEARS 900

employees

¢§§§§

)

1,400

patents & applications

l sssssssss

5= j|= il SN

1,300+ 2,200+

transit buses trucks

6 TRAIN

projects on track

850 MW >6.5millionMEAs  >88 million
fuel cell products produced kilometers in operation
delivered

26 years M Nasdaq

28 years y

publicly listed Company

|

8 SHIPS

in development

!

- -
- -~
R

>35,000hours

operation of
fuel cell stack

WEICHAI
@ AngloAmerican
NSSHINBO
® Assein

BROAD-OCEAN

4

strategic shareholders

ﬁ)

HIGH-POWER DENSITY
stack development
program

Qs

2030

commitment to
carbon neutrality



BALLARD Ballard’s current fuel cell module offering for HD mobility

Power Level Features

>1,500 modules produced
. 30, 85 & 100kW 15 0000 .
‘EGIOCI'[]/® Legacy Mobility Platform | . sz
(7t generation)

Applications

Separate air and cooling kits

>25,000hrs

Freeze start (-25°C)
Engine bay and roof top
IP6KOK

- 70 & 100 kW
‘E‘\Ove HD Mobility Engines

(8t generation)

>25,000hrs

Marine certified

Cabinet configuration

Stand alone or containerized
Multiple modules to MWs

™ 200kW
@ave HD Power System

Marine & Rail
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BALLARD

Ballard’s current fuel cell system offering for stationary

Features Applications

Power Level

= 7,000hrs
= Systems can be coupled to

60kW
= High reliability

1.7 & SkW

Backup Power
for critical infrastructure

200 kW >25,000hrs
Cabinet configuration
Modular Stationary Stand alone or containerized
Power System From 200kW to 1MW

1.5 MW antaineri;gd system
High durability

/ ClearGen'll |
Large Scale Stationary Compact system footprint

MW'’s power plant
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BALLARD

We are powering
thousands of heavy-duty
vehicles globally.




BALLARD PARTNERS WITH

NEW FLYER

Ballard-powered New Flyer buses
are ready to deliver zero-emission
transit throughout North America

New Flyer offers a 40-foot and
60-foot Altoona-tested fuel cell
electric buses

eloCity®-HD




BALLARD PROJECT WITH

KENWORTH

Class 8 drayage truck in operation at
Ports of LA and Long Beach in
California

xE. @ P
)"\j '
| I FCveloCity®-HD



BALLARD PROJECT WITH

DONGFENG

Deployment of 500 fuel cell
trucks now delivering goods
throughout Shanghai

Ballard fuel cell stacks
manufactured in China and
integrated by Re-Fire

into the fuel cell engine

e

= {MI0breeereee

.
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BALLARD POWERS

UPS TRUCKS

Ballard fuel cell modules power
California UPS trucks in CARB-funded
clean energy project

30kW range extender boosts driving
range to provide certainty of service

e

'FCveloCity®-MD

Fuel Cell Electric Vehicle

¢
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BALLARD POWERS

AZETEC PROJECT

Irisorn »

FANSPORYT

Ballard modules power 2 tractor-
trailer trucks as part of the Alberta
Zero-Emissions Truck Electrification
Collaboration project

Trucks will move freight year-round
between Edmonton and Calgary




BALLARD POWERS

MINING TRUCKS

Ballard modules power an ultra
heavy duty mining truck for Anglo,
the world’s largest platinum group
metals mining company

Anglo expects to deploy more

trucks, each with MW scale fuel
cell power, at other operations
around the world

=Zamed FCleloCity®-HD
‘ e




BALLARD POWERS

FIRST COMMERCIAL
TRAM LINE

Ballard modules power five trams
built by CRRC Qingdao Sifang for
operation in Foshan, China

The tram has a maximum range of
125 kilometers and has operated
over 102,800 kilometers in service

since Dec-2019
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|
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BALLARD PARTNERS WITH

SIEMENS

Development of fuel cell engine to
power Mireo commuter train

In this application, fuel cells enable
electrification with range, without the
need for costly catenary wire
infrastructure



BALLARD POWERS

HYDROFLEX TRAIN

Ballard modules power the U.K.’s
first fully sized hydrogen
demonstrator train

Ballard also provides system
controls development, mechanical
integration of sub-systems and
other components

FCveloCity®-HD



BALLARD POWERS

CP RAIL locomotive

Through its Hydrogen Locomotive
Program, CP will develop North
America's first hydrogen-powered
line-haul freight locomotive by
retrofitting a formerly diesel-
powered locomotive with Ballard
hydrogen fuel cells.
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BALLARD POWERS

Norled Ferry

Ballard will power the world's first
operational liquid hydrogen
powered ferry, which will transport
both cars and passengers in
Norway

"We believe that hydrogen will play
a significant role in the future of : , T
zero-emission ships," said Heidi > =
Wolden, CEO of Norled. - =R
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Marine

Who we are

Ardmore Shipping

Corporation Element 1

-» 3 visionary joint venture partners driven to change
the face of shipping by bringing an innovative
hydrogen generation solution to the maritime
industry

- el Marine is tasked with bringing the vision to
fruition



HG emissions from shipping
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* CO, Intensity = CO, emitted per ton mile




@ Marine

Hydrogen is the solution.

Methanol/water mix is the most effective hydrogen carrier.

The Methanol reformer solves the Hydrogen delivery, energy
density and safety issues.

Direct onboard generation of hydrogen enables fuel cell
technology to be adopted into the marine industry.



@ Marine

https://www.elmarine.com/



The Methanol Pathway to Hyd
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Key Facts and Figures

* Headquartered in Wollerau, Switzerland

e 30+ years operating in Trinidad and Tobago

* 1,600 employees operating in four continents
e 17 petrochemical plants worldwide

» 10,000,000 MT/y production capacity

* EPC experience with over 15 plants built

* Fleet of 13 time-chartered vessels comprised of 9 zinc-coated, 3 epoxy-coated
chemical tankers and 1 marine-line coated tanker, with an additional 4
newbuildings on order owned by Proman and Proman Stena Bulk
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We have a large global footprint

Our global footprint allows us to leverage our wide range of in-house expertise, geographic
positioning and local knowledge to optimise our assets and best serve our customers

Leading Fertilizer Producerin

Largest Producer of th North America

Methanol Globally

Billion Dollars
in Assets

Storage Locations
Across 5 Continents

E&C Company

2nd

S6 + 27

Offices Worldwide

Natgasoline
Capacity:

1,700,000

metric tons per annum

- Houston, Texas

- T

Point Lisas Estate,\
Trinidad and
Tobago

(]
Lisbon, .J

Portugal

=,

et

B M5000

Rated annual capacity:

1,890,000
-

metric tons

%
-
g

AUM Complex
Rated annual capacity
(UAN):

1,505,000

metric tons / Rated
annual capacity
(melamine):

59,400
metric tons .

-
- -
Dusseldorf, Germany

. ® Wollerau,

Milan, Italy

% HQ

(Headquarters: Wollerau, Switzerland):

1 3 Time Chartered Vessels

Switzerland (Headquarters)

* Wollerau, Switzerland HQ
B Methanol Production Site(s)
B Ammonia Production Site(s)
AUM Complex
B E&C Company
B Natural Gas Reserves
I Projects Under Development
@ Distribution & Storage Hub

Current Shipping Routes
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Proman is Committed to a “Greener” Future

Proman is committed to investing in new,
innovative clean energy technologies
around the world

As a top producer of methanol
and ammonia, both hydrogen
carriers, Proman is positioned to
lead and drive adoption of both
commodities as clean energy fuels

Our production of low
emission methanol in
Trinidad & Tobago recycles
CO, from nearby fertilizer

We are adopting non-fossil fuel
production of our core products and
developing new products demanded by a
clean energy economy

We are actively leveraging our
operational expertise and deep
industrial knowledge to
capitalize on the transition to a
greener economy

We continue to study
ways to reduce the
environmental impact of
our existing assets

o

plants
Thought e Strategic e Sustainable
Leadership Partnerships Future
Innovation Government
Implementation Il-'ll-1e|::rlc‘:\1lzl:l)1%¥1t F;z:? :s Communities

Academic

Investment Institutions
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We are already investing in the energy future

Varennes Carbon Recycling Project

ARENNES

= One of the world's largest renewable hydrogen and oxygen production facilities with an
87MW electrolyzer leveraging Quebec's green electricity
= Conversion of more than 200,000 tons of non-recyclable waste and wood waste into an

annual production of nearly 125 million liters of biofuels

= Contribution to greenhouse gas reduction equivalent to taking close to 50,000 vehicles
off the road annually

Malta Energy Storage System , IALTA
y 4

= Malta’s electro-thermal energy storage system is a new grid-scale technology that

. < B A 8
collects and stores energy for long durations : = S e 2
= Energy can be stored from any power generation source in any location enabling reliable . -
and predictable operation of the grid, which will support increasing penetration of = v

CONVERTS RECONVERTS

intermittent, renewable generation

Proman — Stena Bulk Joint Venture
= Landmark investment promoting use of methanol as a clean, low-carbon marine fuel

alternative with significantly lower emissions than traditional fossil fuels

®= Proman — Stena vessels eliminate SOx and particulate matter, reduce NOx by 60%, and,
if using bio methanol, reduce CO, emissions by up to 95%




Why methanol?

= Methanolis a clean burning fuel with significantly lower emissions than traditional fuels
= |t eliminates SO, and Particulate Matter, and cuts NO,

= Grey methanol also brings an immediate 10-15% CO, reduction, which increases to >90% with
Green methanol

= Grey methanol is cost competitive as a fuel now and future proof

= Long term pricing visible to market, global cost curve not oil based

= Methanol is safe to handle, and part of a tested and established infrastructure

= |tis available in 122 ports worldwide, including all major bunkering hubs, with relatively low
infrastructure costs

= Methanol runs well in existing engine technology with few modifications and significantly lower

CAPEX when compared to other available alternative fuels. It also shows great promise in

b
| Al

stationary power, mobility and marine fuel cell applications.

= Significant operating history already available GASOLINE METHANOL

= Methanol is fully biodegradable, reducing lasting environmental harm and
complying with the latest environmental regulations
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Methanol is a carbon neutral, and potentially carbon negative, hydrogen carrier

METHANOL
INSTITUTE

) . . . Sus_tainable ':4}:' @
= Effective energy carrier: rich in hydrogen e as ot Renewable
’ ’ electricity
. . 2 PN
= Easy to manage, inexpensive to store and transport O C&{\) @ 0® e
Fermentation Gasification Craft process % %
A . Electrolysis Carbon capture
= Large Scale Production Potential vs Other Fuels W
= Grey methanol is a low carbon pathway fuel Biogas @ @
= Blue methanol (natural gas-based @ & &
with carbon capture) can be an intermediary, easy Biomethane Syngas Syngas
to implement and cost-effective solution to bridge e 1
the price gap disitation disilation
= Green e-methanol is produced from renewable power, water
and recycled CO, 9 b Io
Bio-methanol Renewable methanol

= Green Bio-methanol can be produced from a variety of

biomass sources, including municipal waste S@IRENA

Gasification/

reforming

Bio-methanol
Renewable
H Renewable E-methanol
2

Green hydrogen

Biomass

CH,OH
Green methanol

ARENNES

Low carbon
intensity

Renewable

electricity Electrolysis

H,

Blue Hydrogen

Natural gas Reforming —> Syngas E—

;\
o

Gasification —>

CH.OH intensity
3
Brown methanol 82



Why Proman decided to use methanol-powered ships

= Proman is a global leader in the production of natural gas derived products & services
= Number 2 global producer of methanol with ~7m tons of low-carbon Grey methanol production
capacity

= Proman transports methanol to all major shipping bunkering ports already
= Exploring methanol bunkering solutions as part of industry initiative with close partners

= Significant sustainability commitment with:
= Current low carbon methanol in Trinidad and the United States
= Green methanol Projects in development and construction in Canada and Belgium and in
development in other global locations
= Vessel replacement programme in JV with Stena Bulk to build three methanol- fuelled vessels

= Ability to provide low carbon methanol as a marine fuel today, with a clear and invested pathway
to reducing current carbon intensity as we blend Blue and Green methanol with Grey methanol

AFFORDABLE AND 1 RESPONSIBLE 1 3 CLIMATE
CLEAN ENERGY

CONSUMPTION
AND PRODUCTION

ACTION

IMO safety guidelines -> Interim ships
safety guidelines formally approved

OEMS have improved their
promotion of methanol engines,
with over 30 vessels on the water
or on order

Solution for NO, Tier 3 already available
with water mixture

Dual fuel designs are available
across the vessel spectrum
(drybulk, container, tanker)

LIFE 1 LIFE 1 PARTNERSHIPS

BELOW WATER FOR THE GOALS
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Methanol Bunkering considerations vs Hydrogen

= Safety procedures for handling methanol are well known and practiced
all over the world

=  Methanol molecule remains stable through ambient temperatures.
It handles easily like existing fuels, with reduced “spill implications”

= Bunkering companies are supportive of methanol due to ease of
handling for their existing operations, with minor alteration to infrastructure expected

= Methanol readiness evaluations already taking place in major ports
= Methanex successfully completed a bunkering demonstration at the Port of
Rotterdam on May 10th, 2021

= Proman is prepared to perform the work required to ensure methanol deliveries
support ship bunkering globally
= Secure/support necessary approvals with the Port, local authorities and setting up
the necessary bunkering infrastructure
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General Pricing for and Economic Considerations for Marine Applications

= Methanol is an attractive and competitive alternative from the point of view of European Commodity Price Comparison

fuel storage and bunkering infrastructure costs $1,100 $150

= The capital costs of marine methanol are significantly lower than the equivalent
costs of marine LNG, a competing fuel that also is compliant with SOx and NOx $900 $120
reductions regulations (LNG infrastructure requires scale to become economic)

= Additionally, methanol allows shipping companies to start with relatively modest 2700 »90

investments and build up gradually as more ships convert to the fuel

Price $/MT

S500 $60

= As a fuel, methanol has been cost-competitive with MGO

= Methanol is also competitive when compared with emissions abatement

measures such as scrubbers and catalysts, as the latter also add to operational
costs

$300 $30

$100 $0

Jul-11
Jan-12
Jul-12
Jan-13
Jul-13
Jan-14
Jul-14
Jan-15
Jul-15
Jan-16
Jul-16
Jan-17
Jul-17
Jan-18
Jul-18
Jan-19
Jul-19
Jan-20
Jul-20
Jan-21

Jan-11

= A dual fuel engine can also be installed to allow the use of VLSFO/MGO as well as
methanol, enabling a ship to switch between fuels to operate cost-effectively = MGO - Rotterdam ($/MT) = Methanol Spot - CFR Rotterdam ($/MT)
whilst remaining compliant with environmental regulations === VLSFO - Rotterdam (Post 2020; $/MT) Brent Crude Oil ($/bbl)

Maersk estimate that a doubling of fuel costs would
only add 6c to the price of $100 trainers

Maersk Sustainability Report 2020

N

Price $/bbl.
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