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Today’s agenda

« Welcome, Announcements, Introductions
- Main Presentations (20 minutes each):

. Decarbonizing AIR transport with green hydrogen, Val Miftakov, ZeroAvia
. Decarbonizing LAND transport with green hydrogen, Elizabeth Fretheim,
Nikola Motor Company

. Decarbonizing EARTH mining with green hydrogen, Michel Carreau, Hatch

. Audience Q&A


https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.linkedin.com%2Fin%2Fvmiftakhov%2F&data=01%7C01%7Cmdavidson%40strategen.com%7C60c973bc1675429fa79b08d859f17395%7C5776570c455d4878b13c39bf8e74aff3%7C0&sdata=IsoAlgG1nOVJhaZxFwNU67nzeRBscg2GfZOFfPGTwmU%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.linkedin.com%2Fin%2Felizabeth-fretheim%2F&data=01%7C01%7Cmdavidson%40strategen.com%7C60c973bc1675429fa79b08d859f17395%7C5776570c455d4878b13c39bf8e74aff3%7C0&sdata=w6ageDxGgyHGhKYrUvCY%2B9H3Rj%2FEq79lFUTRH6T0qc4%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.linkedin.com%2Fin%2Fmichelcarreau%2F&data=01%7C01%7Cmdavidson%40strategen.com%7C60c973bc1675429fa79b08d859f17395%7C5776570c455d4878b13c39bf8e74aff3%7C0&sdata=nJ%2BGDdmoSkPfHn%2BdSOGL3fejt2S%2B5IdQCD3IPkXraO0%3D&reserved=0
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Moderator:
Dr. Laura Nelson

Executive Director,
Green Hydrogen Coalition

Vice President
Strategen




Using GoToWebinar

File View Help @~ _ O

Sound Check =H" 7

@ Computer audio
O Phone call

Minimize control panel

% WMUTED Audio options

Micrephone (Realtek High Defin...

Mute microphone
(all attendees are
listen-only today)

MX279 (Intel(R) Display Audic) ~

Toggle full screen mode
Type you questions here —
guestions will be answered
after all panelists have
presented

Raise hand (not used today)

[Enter a question far staff]

Sample Webinar
Webinar |0 934-367-009

&8 GoloVWebinar

Today'’s webinar is being recorded; the recording and slides will be available after the webinar
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GREEN
HYDROGEN
COALITION

MISSION:
Facilitate policies and practices to advance the B 1

production and use of Green Hydrogen in
all sectors where it will accelerate a carbon

free energy future

APPROACH:

Prioritize Green Hydrogen project deployment
at scale; leverage multi-sector opportunities
to simultaneously scale supply and demaric

www.ghcoalition.org
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Hydrogen has been  global commodsty for decades
and a robust hydrogen industry akready exists, Used
primerily as an input into oil refining and as an indus.
trial feedstock, global demand for hydrogen reaches
70 million metric tons annually.

The vast majority (99%) of hydrogen sold today is
produced from fossil-fuel derived hydtocarbons,
namely natural gas and coal. Less than 0% is green
hydrogen, produced from the conversion of renew-
avle energy resources- such as wind, solar, and
biomass- into a renewable fuel and feedstock. The
components of green hydrogen production and utiéi-
2ation are well understood and are lar abe
“off-the-shelf”; they include electrolyzers, steam
methane reformation, gasification, storage, pif

and on road transportation, fuel cells and hydrogen
compatible gas turbines.
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cost renewable electricity is anticipated to be lower
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GREEN HYDROGEN COALITION

Founded in 2019, the Green Hydrogen Coalt
{GHC) s an educational non-profit arganization
The GHC focuses on building top down momer T
for scalable green hydr s
muiti-sector opportu

ad demand. The work
supply and demarx »
m‘f,‘ 'annual charitable donations.

[
10 simultaneous!

g

of the GHC is support:

6.1 Benefits of Green ydrcgl‘:n

611 Avoid Grid Buiidoy
:: ; :epumose Existing In'mslru!ul;:_.
revent Renewabe C,
614 Create Jo:sl:.w o
615 Elminate Greenhouse Gases _
6.6 Clean Air for A1 Communities .
617 Reduce Agricultural and Municipal
618 Diversify Fue
6.2 Addressing Costs
6.21 Renewable Energy
6.2.2 Fuel Celis
623 Electrolyzers .....
e . k.
Least Cost” Energy Sector Paradigm ..
7.2 Decoupled Gas and Electrictty Sector Planning
7.3 Need for Leadership, Focus, and Alignment..

81 Establish Necessary Leadership and
811 Establish State and Local and Lead
81.2 Support Regional Leadership
811.3 Establish and Share Global Best P
82 Key Policy Actions to Consider
8.21 Define Green Hydrogen Broadly ..
8.2.2 Establish Emissions Certification &
8,23 Incorporate Green Hydrogen into Ei
8.2.4 Fund Green Hydrogen RED -..ues

8.2.5 Develop Sector-Specific Targets andI

82,6 Decarbonize the Gas Sector
8,27 Decarbonize Critical Power .
8.2.8 Decarbonize Transportation .

8.2.9 Decarbonizeé Agriculture

Green Hydrogen Guidebook

TABLE of CONTENTS

Autho:
Executive Summary
\ 1S Hydro,

'cgen by t olo
21Gray Hydrogen
22 Brown Hydrogen
23Blue Hydrogen
24 Green Hydrogen

41 Production -
411 Electrolysis with Rene
412 Steam Methane Reform {SMR) of

413 Thermal Conversion or Gasification o

4.2 Hydrogen Storage
4.3 Hydrogen Distribution
431Pipelines 3
4.3.2 Dedicated Hydrogen Pipelines
433 Blended Hydrogen in Pipelines ..
4.34 Alternative Hydrogen Carriers
51 Power Generation
511 Power to Gas to Power .....
512 Fuel Cell Electricity L
5.2 Multi-Day and Seasonal (Bulkj Energy Sto
6.3 Decarbonizing the Natural Gas Pipefine .
54 High Temperature Industrial Processes
55 Transportation
5.51Land
5.5.2 Marine
5.5.3 Aviation
5.6 Heating for Buildings
57 Industrial Feedstock
5.8 Agriculture
5.9 Mining ....-

GREEN HYDROGEN

GUIDEBOOK

REEN
SYDROGEN
COALITION


ghcoalition.org/guidebook

%HYDROGEN ~ WFRINAR /
% 1 coaLiTioN VY RDIINS -

THE WESTERN CASEFOR
GREEN HYD e GE

'} § « .-~..‘\ <
"‘ L. \ ¥ \ \,

,‘/.

= ) \ ! .
‘ MITSUBISHI . , . &Westem Interstate

N TAVAVAY, %% Energy Board
Al
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ; A% POWER




HYDROGEN VISIONS
FOR THE WEST

- NOV 17-18, 2020 | 8:30AM-12:30PM PST
ghcoalition.org/ghvisions

VIRTUAL EVENT G R E E N
1 HYDROGEN
y COALITION

NASEO=

National Association of Energy Board
State Enerqy Officials 9

SPONSORSHIP OPPORTUNITIES AVAILABLE
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Strategen is a mission-driven professional services firm

dedicated to decarbonizing energy systems

ASSOCIATIONS

Strategen co-founded and manages
the California Energy Storage
Alliance (CESA) , the Vehicle-Grid
Integration Council, and the Green
Hydrogen Coalition. Through these
organizations, Strategen policy work
has been pivotal in building the
energy storage industry in California,
the US, and around the world.

CONSULTING

Since 2005, Strategen
Consulting provides analysis and
insight to governments, utilities,
NGOQO’s, and industry to help them

achieve leading-edge market
development and transformational
clean energy strategies.

www.strategen.com

CONVENINGS

Strategen excels in stakeholder
engagement, via customized small
and large events. Strategen
founded Energy Storage North
America (ESNA), the largest grid-
connected storage conference in
North America. ESNA 2021 is
affiliated with Intersolar North

America.

10

© 2019 Strategen Consulting, LLC



Future Webinars

Green Hydrogen in the West October 15, 2020

Today’s Webinar

Air, Land, Earth: Multi-Sectoral Decarbonization with Green Hydrogen

Past Webinars

Green Hydrogen Technology 101 August 11, 2020
Global Progress & Momentum for Green Hydrogen May 12, 2020
Perfect 50-State Storm: COVID-19 and the Utility Crisis April 2020
Re-Imagining the Energy Ecosystem with Green Hydrogen April 2020
V-DER Tariffs: Encouraging Good Grid Citizenship March 2020
Energy Storage on the Move September 2019
Energy Storage in Emerging Markets April 2019

Recordings and slides available at https://www.strategen.com/webinars

Stay Tuned for More Webinars!

(j STRATEGEN 11



https://www.strategen.com/webinars

t) STRATEGEN

Val Miftakov

Founder and CEO
ZeroAvia

12



t) STRATEGEN

Elizabeth Fretheim

Head of Business Development
and National Accounts

Nikola Motor Company
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Michel Carreu

Director Hybrid Power and
Green Hydrogen

Hatch
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Hydrogen in Aviation - The Only Way

GHC Webinar
September 17 2020
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"My generation won’t be able to fly other than for i
emergencies, in a foreseeable future if we are to | '
be the least bit serious about the 1,5° warming
limit. | will try to make it to as many places as
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$1.5T Aviation Market is Flying into Sustainability Crisis

Megatons Net CO, Emissions = 3.67 X Fuel
(Combustion Plus Production)
3000 y

Contribution of Alternative

Fuels Out to 2020 -z - P e—
\ ____ Net Life Cycle CO, —
o 1000 = Gap = 1,210 Mt
5-10% — ' 90%
Of total human 0 0
Climate Impact
2005 2010 2020 2025 2030 2040 2050
TOday Useful life of commercial aircraft In 2050

{ No real, truly scalable solutions today }




The Problem is Real and Gets Big Fast

Already, everyone
wants to fly

Beijing is building hundreds of
airports as millions of Chinese take
to the skies

And over time, only
air transport is truly
3D scalable...




Air, Sun,
Water

Air to Fuels

Direct Air Capture
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Batteries?

50x heavier than Jet
Fuel (0.25vs. 12 kwh /

kg)

High cycle costs (1,000
cycles = $0.30 / kwh
energy cost adder)

Materials, recycling, etc.

New fuel infrastructure




Turbine Hybrids?

e Higher weight & complexity

e Minor improvements in efficiency
e Retain high maintenance costs

e Retain NOX/ Soot / SOX




Biofuels?

e 500x less efficient use of
land wrt Solar H2

e Hard to scale (40% of US
ag land required to achieve
100% of fuel replacement)

e Water use, land use issues

e Retain low efficiency, NOX,
MX costs of turbines




Synfuels?

A S0 (9,% e High cost,

Water . .
ORC *}[,' ) especially with
g kv» AD dr‘ ; :
SASATASTY direct air capture
i — .
1 (4-7x fossil fuel)
Electrolysis Fuel Synthesis Synthetic

ﬂmmmmmlz Fuels e Retain low

efficiency, high
MX, NOX of
turbines



Hydrogen Turbines?

Hellum closed-circuit for
-Cryo-cooler
cryo-cooling system of the motor & generato
[ Pre-cooler >
[]'ntercooler ( )
[ cooled-cooler
] Recuperator

Pump Expander

e Core flow
Bypass flow

— Hohum

‘..‘\

Retain low efficiency, high
MX, NOX of turbines

High volume of fuel (H2 10x
less dense than jet fuel)

New fuel infrastructure



Hydrogen Fuel Cells?

KEY
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Oxygen
Q9 L O, From Air
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Catalyst Gas Diffusion Layer

Proton Exchange Membrane

High volume of fuel
(H2 10x less dense
than jet fuel)

Lower power density

New fuel
infrastructure




Our Vision: Renewably-Powered
Hydrogen-Electric Aviation

I

AIRFLOW 0,

l 1 |
- 4R mrust (B AR/
V4 . - ,5
/ A HYDROGEN | ﬁ
ELECTRIC ;
: ELECTROLYZER ‘A (1
HYDROGEN H — e K \
2 RN =
;. 4 q QUICK REFILL W CELL
< / y A | s —
. . a ¥
y, } ‘;, s ] 1
/ i ‘ WATER
I VAPOR
, H,0
IC FI
R \

ng range, Lower costs & Zero Emission



Hydrogen Momentum Accelerating

Hydrogen is quickly rising to become one of top fuels for any serious decarbonization of aviation

economics, and climate impact by 2050

v
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Clean Sky

France Plans To Make Airbus
A320 Successor By 2030

Joanna Bailey

The French government has today revealed plans to invest heavily in developing the plane of
the future. France's ambitions for a zero carbon plane include a reworking of the popular
Airbus A320 product line by 2030 and the move to hydrogen fuel by 2035. Altogether, €15bn
($17bn) will be poured into the aerospace sector over the coming years.

To work towards the development of the zero emissions plane, France has planned a
roadmap for development, as detailed by Minister of Energy Transition and Transport,
Elisabeth Borne. This includes developing the successor to the Airbus A320 to be ready by
around 2030.

Simultaneously, research is planned to develop th:
switch the new aircraft to this clean energy source
the new A320 would be revealed around 2026 - 2(
be designed before the end of the decade.

Sean Doyle Drew Kodjak




H2-Electric - Better Than Jet Turbines?

H2-electric powertrains will not only be clean but also a fundamentally better product for everyone

Jet Turbine H2-Electric

Green H2 projects are at $3 / kg today, equivalent

Lejwan & w2 gallonor|arge opera.tors, to $1.5 / gallon jet fuel for small planes, with path to
stable fuel up to $4 / gallon for small; : .
il : : <$1 / gallon for large planes in 15-20 years; fuel

costs hedging is a big cost item .
source much more secure (e.g., PV), stable prices

Lower Small turbines: 1,800 - 3,600 Electric side of the powertrain can have 10x lower

maintenance hours to major MX / overhaul;, MX cost; Fuel cells already at 10,000+ hours,

costs large: 4,000 - 7,000 20,000+ achievable for HTPEM

Lower noise  High-speed jet exhaust major  Only propulsor noise remains; can be further tuned

levels source of noise exploiting wider power bands of e-motors

More Thermodynamics drives need = Much lower efficiency penalty for smaller engines

efficient for smallest number of large allows more distributed propulsion & higher

airframes engines - not aero-efficient aero-efficiency



TurboCell H2-Electric Engine Platform

Heat Exchanger

Cools compressed air,
cools motors and
inverters, heats hydrogen
coming from LH2 tanks

\

Concentric fuel cell stacks
400kW stack module matched to
a dual motor-inverter assembly

Back-pressure turbo-expander )
Manages stack pressure &

partially recovers energy used by
compressor stages, as well as
waste heat energy from the fuel

cell exhaust )

Motor-Inverter Assembly
Integrated Motor-Inverter packs
to maximize power density in a

Air Compressor

FC power densit
\_ p y

Provide high-density oxygen
(from air) to the fuel cell stacks.
5+ compression ratio to optimize

N\ | modular design

N



Onboard H2 Tanks
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70% mass fractions possible, resulting in longer
ranges than jet fuel (assuming volume is available)

16 * LH2 tank concepts courtesy of GTL Company & Protium



Green H2 SuperChargers

uickly deployable solar arrays
¢ s y Advanced scalable electrolysis systems

Exceptional PEM Stack UPS Power Electronics Modular Design
e  Selected for lunar missions e Proven, low-cost e Scale 0.3 MW to 300+ MW
e 107A5+++ hours life e  High-volume ready now e UL Certification ready
e Rapid cycling e Vertically integrated IP e  Many markets, one core

LiFePo4 buffer battery
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Plan: All Aviation, Starting @500-mile 19-Seat
W) we o ws o ome

io 10-20 seats f e 50-100 seats, UAM e 100-200 seats e >200 seats e >200 seats
. @ 500 mile range e 1,000 nm e 2,000 nm e 3,000 nm e 5000+ nm
| | ° e New aircraft design
l( --------------------

R&D roadmap X

Optimization &
300-mile flight

R&D 19-seater Certification of ZA600 for
program commercial 9-19-seat ops

2H 2020 - 2021 2022 - 2023

By the end of 2020




JetZero - Zero Emission 100+ Seat Jet by 2030

I

Jet Zero: Boris Johnson invests in zero-
emission plane to make flying 'guilt free'

First meeting of Jet Zero Council will work to create net zero long-haul flights and bring &

down global emissions



Tnank You!

val@zeroavia.com



NIKOLA

TRANSPORTING THE
FUTURE TO NOW.
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Elizabeth Fretheim
Head of Business Development
elizabeth.fretheim@nikolamotor.com
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MARKET DRIVERS,
OPPORTUNITY & POLICY
PRIORITIES



MARKET DRIVERS

N

= Government and private-sector activity

= Federal agency commitmentand interestin
innovative vehicle technologies, fuel cells,
electrification

= Growing number of global hydrogen players -
investment and deployment strategies

= U.S., Canada, Japan, China, South Korea,
Australia, European Union

= Expanding state-level zero emission policies
and grid energy security needs

= Private-sector carbon reduction and
sustainability operational goals

= Market demand and cost competitiveness
= Market acceptance of Nikola is strong and growing

= Cost of hydrogen anticipated to drop by 50% by
2030 with future global investment/scaling

PRIVILEGED &
CONFIDENTIAL

L R
o ﬁ,{?\l:(:ﬂ [~

.

Ontras Gastransport, A Proposed European Hydrogen Highway System (2020)




NINIKOLA | WHAT WE DO:

ELECTRIC TRUCKS HYDROGEN POWERSPORTS
STATIONS
Design and manufacture 8-32 ton hydrogen generation & Design and manufacture electric
battery-electric filling stations & chargers. Off-Highway Vehicles and
and fuel cell 700 planned in North America, personal watercraftfor
hydrogen-electric vehicles. 70 planned in Europe. commercial & military markets.

PRIVILEGED &
CONFIDENTIAL
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PRIVILEGED &
CONFIDENTIAL

WORLD-CLASS
PARTNERS.

Nikola has partnered with some of the greatestindustry leadersin the world.
These partnerships enabled Nikola to come to market quickly and makeits'
vision becomereality.

IVECO

© BOSCH

@Hanwha

WABCO

MAHLE
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Zero emission VEHICLES - battery or hydrogen?

VEHICLE CONTROLLERS
Decentralized E/E & | E-AXLES/ ELECTRICMOTORS

Control Strategy \ } Power the Drive Axles

.

BATTERIES
Including Efficient Thermal & Power Management

H2 Tank
High pressure Storage

VEHICLE CONTROLLERS
Decentralized E/E &
Control Strategy

FUEL CELL

On Board Energy Supply E-AXLES / ELECTRIC MOTORS

Power the Drive Axles

PRIVILEGED &
CONFIDENTIAL






ZERO EMISSIONS: FROM ENERGY CREATION, TO ENERGY
CONSUIVIPTION

RENEWABLE POWER ONSITE CONVERSION OF ELECTRICITY ONSITE HYDROGEN FAST 70 MPA FAST 70 MPA HYDROGEN FUEL

> > > >

GENERATION TO HYDROGEN VIA ELECTROLYSIS STORAGE SUPPLY FUELING STATION HYDROGEN DISPENSER CELL VEHICLE




Station Specs:

8 20

STANDARD gallons OF WATER
PER DAY

K
22.5 8-10

MW OF acres OF LAND
POWER

Expandable to 32 T/day

PRIVILEGED &
CONFIDENTIAL



700 HYDROGEN & charging
STATIONS
IN NORTH AMERICA BY 2028



GEOGRAPHIC PRIORITIES

USA GOVERNMENT INCENTIVES

MOU Participants:

California, Connecticut, Colorado, DC, Hawaii, Maine, Maryland,
Massachusetts, New Jersey, New York, North Carolina, Oregon,
Pennsylvania, Rhode Island, Vermont, Washington

PRIVILEGED &
CONFIDENTIAL

California HVIP

Zero-Emission Truck Voucher Amounts

Base Vehicle Incentive
Outside In
Disadvantaged Disadvantaged
GVWR (lbs) Community Community

5,001 — 8,500 $20,000 $25,000
8,501 — 10,000 $25,000 $30,000
10,001 — 14,000 $50,000 $55,000
14,001 - 19,500 $80,000 $90,000
19,501 - 26,000 $90,000 $100,000
26,001 — 33,000 $95,000 $110,000
>33,000 $150,000 $165,000
>33,000 Hydrogen Fuel Cell Truck $300,000 $315,000

New York Truck Voucher Incentive Program

ncremental Vehicle Weight Class (GVWR)
Cost % 3 4 5 6 7 8
BEV| 80-95%* $60,000| $100,000 | $110,000| $125,000| $150,000| $185,000
PHEV| 85-90% $55,000 | $60,000 | $70,000 | $100,000 | $120,000
HEV|  8590% §$25000| $35,000| $45000| $50,000 | $55,000
CNG|  85-90% $25000| $35000| $45000| $50,000| $55,000
Propane|  85-90% $25000 | $35000| $45000| $50,000| $55,000

48



Puzzle pieces

Customers Incentives Regulations Electricity Infrastructure

PRIVILEGED &
CONFIDENTIAL



POLICY PRIORITIES

| - > * Expansion of Federal Weight Exemption
* Alternative Fuel Vehicle Corridors

 Tax Credits/Production
Incentives/Funding Mechanisms

* Implementationvs R&D Funding
* Competitive Electricity Pricing

* Streamlined Permitting and Inspections

PRIVILEGED &
CONFIDENTIAL



commercialization



ROADMAP TO COMMERCIALIZATION

2019 2020 2021 2021 - 2022

2023

52



Collaboration.

= Shipper / Supplier Collaboration
= Lobbying

= Longer contractterms

= Acceptance of higher rates

= Co-investment

= Onsite charging

PRIVILEGED &
CONFIDENTIAL



Benefits.

= Increased productivity

= Decreased costs

= Improved performance & safety
* Improved stakeholderrelations

= Meet sustainability goals

PRIVILEGED &
CONFIDENTIAL




@ . TRANSPORTING THE FUTURE
TONOW.
Elizabeth Fretheim

Head of Business Development
elizabeth.fretheim@nikolamotor.com



Green Hydrogen tor Mining

Michel Carreau, Ph.D, September 17 2020

Copyright © Hatch 2016. All Rights Reserved.



Hatch approach to zero carbon emissions

— Alternative Power, Microgrid

— Wind, Solar, Biomass Power to reduce diesel or natural gas
consumptions

— At remote locations (off-grid) or
— Behind the meter (grid connected to brown electricity)

— Alternative Fuel (Hydrogen, Electricity) : for steam and heat
— Alternative Equipment & Vehicles (Hydrogen, Electric)

— Low-Carbon Technology Solutions (Reduce direct emission
with technologies, Carbon Capture Storage and Utilisation)

— Combiningthese options to achieve lowest cost solution

Copyright © Hatch 2016.All Rights Reserved. H ATC H



Green Hydrogen Activities

— Green Hydrogen Consortium composed also of BHP,
Anélo American and FMG, each member develome Green
Ay ro%en Projectin mining plant, members share lesson
earne

— Hatch provides Engineering Support, Project & .
Construction Management of 20 MW PEM Electrolyserin
Canada for Air Liquide - World largest PEM Electrolyser set
the trend of large mining electrolysers

— 100% Renewable Mining with Anglo/De Beers at planned
Diamond mine Swmd, solar, battery and Hydrogen with
Variable mining

Copyright © Hatch 2018. All Rights Reserved. H ATC H 58
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Hydrogen Project in the Mining

HATCH



Wmd power at remote mining sites -
Tughq/G\encore project at Raglan
Mine

e e e

Courtesy of Tugliq - Photographer Justin Bulota - Raglan Project

Copyright © Hatch 2016. All Rights Reserved. H ATC H



Glencore - Raglan Mine

Canada
———— International Boundary

Province Boundary
Road
River

4  Mational Capital

L Province Gapital

- City or Town

0 200 400 KM

1] 200 400 Miles
12007 Gealogy.com

HATCH

Copyright © Hatch 2016.All Rights


http://www.kanadaharitasi.com/wp-content/uploads/2016/02/kanada-siyasi-haritasi.gif

GlencoreRaglan Mine
Hybrid Power

—Access by plane or by sea
—Autonomous Micro-Grid

— 10 Diesel Generator - 2nd
largest cost center at the
mine

—Mine Raglan Lifetime -
additional +20 years

—Wind Power Since 2014
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Raglan Mine, Glencore:
Wind-Energy Storage Project

- 6 MW Wind Power + 3 MW Lithium
lon Battery Installed and in
operation — Hatch full EPCM - 2018

— Hatch Microgrid Controller to
manage battery and wind power
dispatch.

— Elecftrolyser + Fuel Cell + H2 Storage
EPCM, installed

— 97% availability of the wind furbines
— Diesel displaced today: 12+ ML




Energy Storage Systems

Fuel Cells
Flywheel and BESS Inverter .o :
electrical substation LiOn Batteries

Electrolyser
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Hydrogen Mining Trucks

HATCH



Hydrogen-Electric Mining Trucks
(Anglo American - 300 T to be converted)

— Solar Power provide
Green Electricityto
production hydrogen

— Hydrogen used by 900
kW fuel cell to energy
the mining truck

— Hatch optimized
Hydrogen project
compressors and
storage pressure
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Block Flow Diagram

Hydrogen Generation & Distribution HATCH

sy Heat Treatment
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1009% Renewable Power at Remote Site

Power Regulation

Absorb 5 Cool & Dry H2 ‘ Compressuqn
b B {from 353 K to 253K) {piston/ionic) from 80 bar to

Renewable Electricity) 500 bar

f'-‘»"‘.!.-,---‘
R e "xlj'hm Storage
\\\ Water Recovery mmzn"

.

,

i - Fuel Cell
1, Clean Electricity Production [rdrd
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2. Back-up Heating 1 ~J Catalytic Heater
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“ : > W Compressor
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3. Vehicle Refueling {To 253 K)
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Hydrogen Application — Iron & Steel
(ArcelorMittal — Contrecoeur use SMR)

Reduction by CO

—Current approach
. Fe,0, + CO = 3FeO + CO,

extract Iron using CO

and generates CO2 . FeO +CO= Fe +CO,
Consumes 500 Nm3/#t, of CO

emissions

—With Hydrogen, Iron Reduction by H,
extracted with Zero . Fe;0,+H, =3FeO +H,0
emissions . FeO +H, = Fe +H,0

Consumes 500 Nm3/t, . of H,
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Water + Nitrogen + Electricity = Ammonia + O,

—Ammonia - NH3 energy density 50% more then
liquid hydrogen H2

N - Nitrogen
H - Hydrogen

h 2016. All Rights Reserved. H ATC H
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Green Ammonia making.

—Similarto electrolyzer

— But with N2 input
— H2+ N2 ->Ammonia+ 02

— Ammonia as fertilizer
—Ammonia as a fuel

—Ammonia for .
transportation at high
energy density; cracking
to extract the hydrogen
for fuel cell vehicle

Copyright © Hatch 2016. All Rights Reserved.

To market

Ammonia is more than fertilizer. The gas liquefies
easily under light pressure and chilling, and can be
transported to power plants to generate carbon-free
electricity. It can also be “cracked” into H,, a valuable
energy source for fuel cell vehicles. Fuel cell vehicle

HATCH



Green Hydrogen Adoption

— Decarbonizationis a necessity for the miningindustry
— To keep their social licensing to operate

— To have access to sustainable financing
— Lower interest rates for greener project
— No financingatall if not decarbonizationis shown for future project

— Green Hydrogen is one important pillar to achieve zero
emissions

— Green Hydrogen Production Cost to decrease continuously
year to year for the next 30 years...from 4.5 SUS/kg to
lower than 1 SUS/kg due to project scale and product
improvement and lower cost otJ renewables
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Thank You

For more information,

please visit hatch.ca

or contact Michel Carreau
Email:

LinkedIn: https://www.linkedin.com/in/michelcarreau/
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Pathways for Collaboration

Objective Pathway for Collaboration

« Shape market design for green hydrogen « Membership — join GHC!
project development, obtain latest news,
information and global best practices about
green hydrogen market development

« Non profit and government organizational » Become a GHC Supporting Partner
collaboration — information sharing, messaging,
events and networking

« Learn about green hydrogen pathways and « Attend GHC events, sign up for newsletter
innovation. Stay informed, at a high, level on
green hydrogen news and market

developments
GREEN Goal: Efficient collaboration to accelerate
1 HYDROGEN d ¢ f hvd,
g COALITION progress and momentum for green hydrogen



GHC Supporters
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® Why Fund the GHC?

Funding matters in the

& % fight for our climate
and a clean energy
“We spend 1000x more on future.

global fossil fuel subsidies than
on natural-based solutions.”  Visit
-Greta Thunberg ghcoalition.org/fund

GREEN
HYDROGEN
COALITION 81

M



Is the gamechanger to fight

climate change and provide a
clean energy economy for
everyone



Q&A



GREEN
HYDROGEN
COALITION

CONTACT: %

DR. LAURA NELSON

Executive Director
Inelson@ghcoalition.org
+1 801 419 2787

www.ghcoalition.org
www.strategen.com
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