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Foreword to the Hydrogen Strategy for
Canada

For more than a century2 dzNJ y I G A 2 ¥ Q & hade MdeavErking anithe Yeahyfodgy to turthe
invisible promiseof hydrogeninto tangible solutionsCanadian ingenuity and innovation hasce again
brought us toa pivotalmoment

As we rebuild our economy from the impaai$ COVIEL9 and fight the existential threat of climate
change, the development of lowarbon hydrogen is a strategic priority for Canada. The time to act is now.

TheHydrogen Strategy for Canatieysout an ambitiouframeworkfor actions that will cemethydrogen
as a tool to achieve our goal of ne¢ro emissions by 2050 ammbsition Canada as a global, industrial
leader of clean renewable fuels.

This strategyshows us that by 2050, clean hydrogen can help us achieve owgenetgoat all while
creating jobs, growing our economy, and protecting our environment. This will involve switching from
conventional gasoline, diesel, and natural gas to zsrossions fuel sources, taking advantage of new
regulatory environments, and embracing wetechnologies to give Canadians more choice of zero
emission alternatives.

As one of the top 10 hydrogen producers in the world today, we are rich in the feedstocks that produce
hydrogen. We are blessed with a strong energy sector, and the geographts #%st will propel Canada
to be a major exporter of hydrogen and hydrogen technologies.

HydrogenY A 3 KG 06 S y I { dzNB fudits godmtidl seSainibusY préviled deiv &arkets for
our conventional energy resources, and holds the potentialgoarbonize many sectors of our economy,
including resource extraction, freight, transportation, power generatiomanufactuing, and the
production of steel and cement.

This Strategy is a call to actiomt will spurinvestments and strategic partnershipsross the country and
beyond our borders. It will position Canada to seszenomic and environmental opportunities that exist
coast to coastExpanding our exports. Creating as many as 350,000 good, green jobs over the next three
decades. All while draatically reducing our greenhouggsemissions. And putting a neero future

within our reach.

The importanc2 ¥ / I yI R Q&4 NXB &2 dzNDOS Ay Rdza i NA S& miaghifeed 2 dzNJ Of

during the pandemidVNe mustharness our combined will, exgere and financial resources to fully seize
the opportunities that hydrogen presents

This strategy is the produof three years oftudy and analysis, includirgtensive engagement sessigns
wherewelS NR FNRY Y2NBE (KIy wmEpertsand SakehaldBudid dagasdNE Q a
is not the end of a process. This is only the beginning.

Together, we will use this Strategy to guide our actions and investments. By workingraxthesand
territories, Indigenous partnersind the privatesector and byeveraging our many advantagese will
create the prosperity we all wanprotect the planet ve all cherish and we will ensure we leave no one
behind

¢KS 12y2d2NF ofS {SIYdza hQwS3ty
/ Iy I Rihiged of Natural Resources
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For the past three years, the Government of Canada, under the leadership of Natural Resources Canada,
has been working with private sector stakeholdemdigenous organizations, ndBovernment
organizations,and governments at all levels to inform the development oHydrogen Strategy for
CanadaThisStrategycontains input from hundreds of companies, organizasiand individuals sourced
through a vaiety of different forums,workshops, teleconferencesilateral discussions, and dialogue
through existing working group$vhile the Government of Canada led the development of the Strategy
and consulted broadly with industry, the contents, findings, and recommendations expressed in the
Strategyreflects a conbined view andmay not be unanimously endorsed by all of the participating
organizations andheir employees.

The Governmenhas also commissioned a numberkay studies on topics such as hydrogen codes and
standards, awareness, demand modelling, and @H@siors reduction potential. These studies along
with key international reportsfor examplegrom the International Energy Agen@and Hydrogen Coungil
have helped inform the development of the Strategy.

Zen and the Art of Clean Energy Solutions (derthe lead author of this strategy on behalf thie
Government ofCanadaZen together with the Institute for Breakthrough Energy + Emission Technologies
(IBET) led the aggregated 2050 hydrogen demand modelling work to determine the potential role
hydrol Sy Ol y LI & Ay [ |tght Fak SrategfudnnatireSandinfegrntEsatak@hblder
inputs and previous studies, as well as recent nitimpand analysis, into a single cohesive document.

TheHydrogen Strategy for Canadaa strategic direanaldocument based on best available information

at this time. Adjustments will be made as technology, research, codes and standards, the international
hydrogen landscape, and policy evolves. Additional research and analysis outlined as recommended
actions in this documentare planned through thelmplementation Strategic Steering Committee,
dedicatedWorkingGroups, and Regional Blueprints.

Consultations

Consultations were held with over 1,500 stakeholders from across the value chain to ensure engagement
opportunities were as comprehensive as possible. Stakeholder groups include, but are not limited to the
private sector, associations and NGOs, academiad amesearch groupsFederal and Provincial
Governments andIndigenots Organizationscommunities, andbusinesses

Linkages with Industry Working Groups

The Governmenhas also collaborated closely with the Transition Accelerator, the Canadian Hydrogen
and Fuel Cell Association (CHFCA), the Canadian Gas Association, and other industry associations which
are pursuing actions closedfigned with those identified in th&rategy. Once the strategy is released,
Canadawill establish &trategic SteerinGommittee, with several targeted task teams, to ensure progress
toward the recommendations in the strategy is made and measured.
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Abbreviations

AHJ Authority Having Jurisdiction

ASHP Air Source Heat Pump

ATR Autothermal Reforming

AZETEC Alberta ZereEmissions Truck Electrification Collaboration
BCGLCFS . NRGAEAK [/ 2fdzYoAlF Qa [26 [/ FNb2y CdzSt
BECCS Bio-energy with Carbon Captuend Storage
BEV Battery Electric Vehicle

BNQ Bureau de Normalization du Québec
CAD Canadian Dollars

CCuUSs Carbon Capture Utilization, Storage
CEC California Energy Commission

CFS Clean Fuel Standard

CHFCA Canadian Hydrogen and Fuel Cell Association
CHIC Canadian Hydrogen Installation Code
Cl Carbon Intensity

CMMP Canadian Minerals and Metals Plan
CNG Compressed Natural Gas

CcoO Carbon Monoxide

CQ Carbon Dioxide

CSA Canadian Standards Association

DAC Direct Air Capture

DOE Department of Energ{uS)

DRI Direct Reduced Iron

EER Energy Effectiveness Ratio

FCEB Fuel Cell Electric Bus

FCEV Fuel Cell Electric Vehicle

GDP Gross Domestic Product

GHG Greenhouse Gas

GJ Gigajoule

GW Gigawatt

Hy Hydrogen

HD HeavyDuty

ICE Internal CombustiorEngine

ICT Innovative Clean Transit

IEA International Energy Agency

IMO International Maritime Organization

IP Intellectual Property

IRAP Industrial Research Assistance Program
LD LightDuty

LNG Liquid Natural Gas

MCH Methylcyclohexane

MJ Megajoule

NG Natural Gas

NHs Ammonia

NGO Nitrogen Oxides

NRC National Research Council
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OEM
OpEXx
PEM
PJ
PSA
RNG
SMR
SOEC
SQ
SR&ED
DTC
TCO
TRL
TWh
VRE
WGS
ZEV

Original Equipment Manufacturer
Operating Expenditures

Proton Exchange Membrane
Petajoules

Pressure Swingdsorption
Renewable Natural Gas

Steam Methane Reforming

Solid Oxide Electrolysis Cell
Sulphur Oxides

Scientific Research and Experimental Development Tax Incentive Program

Sustainable Development Technology Canada
Total Cost of Ownership

TechnologyReadiness Level

Terawatthour

VariableRenewableEnergy

Water Gas Shift

ZeroEmission Vehicle
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TIME TO ACT
The 6 2NX RQa& Sy SNHe&
undergoing radical transformation

driven by the ned to mitigate climate
change.Development of a atscale

cleanhydrogen economys a strategic
priority for Canadaneededo diversify
our future energy mix generate
economic benefitsand achieve net

zero emissionby 2050

The time to act is now. Governments around the
world are releasing and executing hydrogen
strategies that are building global momentum. In
2019 Canada seized this momentum by
developing and launching a new Hydrogen
Initiative under the Clean Energy Ministerial,
designed to be the cornerstone for global
hydrogen deployment.

Now, one year laterCanada is poised to leverage
this momentum, to grow the domestic
opportunity for hydrogen, while also benefiting
from growth in global demand through export
opportunities guided bythis Strategy

ThisSrategy seekstomodern& / I Y I RI Q&

systems by leveraging Canadian expertise
including increased participation from
marginalized and underrepresented groups
through building new hydrogen supply and
distribution infrastructureand fostering uptake in
various enduses that will underpin a lowcarbm
energy ecosystenn the near and longterm. It
will set the foundation tado this overthe next five
years by:

e, o

1 Encouraging &ly deploymentHUBs in
mature applications, and Canadian
demonstrations in emerging applications;

% @mploying Yregulations, Niffeludg the
forth-comingClean Fuebtandardo drive
nearterm investments and

i framing new policy and regulatory
measures needed to reach neero by
2050.

These activitiegn the shortterm will be followed
by the growth and diversification of the sector
from 2025 to 2030. Thereaftethrough rapid
expansionuntil 2050 Canada will start to realize
the full benefits of the hydrogen strategy.

Those benefits include:

1 positioning Canada to becama world

leading supplier of hydrogen
technologies;
1 sparking economic recovery while

growing domestic lowcarbon  fuel
production to reduce emissions for the
longer term including unique
opportunities for Indigenous
communities and businesses

1 generating more than 350,000 high
paying jobs nationally; and

1 employing hydrogen as a key enabler to

S y ®ach retzero emissions by 2050.

The International Energy AgencyIEA) has
recommended that governments put clean
energy solutions such as hydrogen at the heart of
stimulus plans. Green infrastructure investments
FNE 18e G2 | OKA-faddeyiid
economic recovery, clean growth and climate
change objectives

/b yE

By applying its worlglass expertise at home,
I Lyl RI Oty aK2gOlwoBd K&RNER
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applicatims and benefits and the role hydrogen indicate that hydrogen could provide up to 24%
can play in transforming energy systems. Early of global energy demand by 2050. The number of
deploymentHUB will setCanadaon a path for countries with polices that support investment in

widespread deployment in the micand long hydrogen technologies is increasing, along with
G§SNY 6KSNBE KeRNRISyQa RieOumbbr2of dettdrsitheg yargeiThinSays (i A |-
can be fully realized uniquely positioned to become a largeale
exporter of hydrogento serve this growing
CONTEXT market, but domestic deployments must lead.

For three years, the Government of Canada,
Canada has played an important role in the under the leadership oNRCan has been working
development of the growing global hydrogen with  private sector stakeholders and
economy, starting more than a century ago with governments at all levels to inform the
innovation in hydrogen production technology development of the Hydiogen Strategy for
and four decades ago as pioneers in fuel cell CanadaThe release of this strategy comes during
technology. Canada continues telan R&D and  unprecedented times. The world has been shaken
technology leader in the sector by COVIEL9, and there is daily evidence
_ mounting that climate change poses an ever
Under the Paris Agreement, Canadhas AYONBI 8Ay3 NRa]l G2 GKS 62NI

committed to reducing GHG emiss®by 30% biodiversity, human healthandour future way of
below 2005 levels by 2030.has also announced

a target to achieve netero emissions by 2050 ife.

joining 72 other nations in tsiambiious pledge Canada has all the ingredients necessary to
Inanetl SN2 Fdziidz2NBX / I y I Rldevélop 8 Gonpettivesand gusthinabledh@gdrogen
powered by electricity and low carbon fuejsvith economy The modernization of Canada's energy
low carbon fuelgxpected to provide up to 60% systems towards a low-carbon economy presents
more of our energy needs. As the lowest carbon a unique opportunity to leverage Canadians'
fuel, hydrogenis essentialto decarboniing the expertise to build new infrastructure asset$o

2L GKANR 27F /Iyl RIQa ¥Yevads aSogckoNdd a loy-Gabghdehen$ | v R
hard-to-abate enduse applicationsand there is ecosystem across Canadath hydrogen playing

much work to do to roll out hydrogen at scale anintegralrold RSt A @SNAY 3 dzLJ (2 o
domestically. end-use energy by 2050

Canada is notalone in seeing hydrogen as a critical This strategy is acall to action. Achieving

part of the solutiorto combat clima¢ change and  decarbonization targets requires bold action and

improve air quality, while driving economic NJ} RAOFf (N} yaF2NXI A2y 2F [/
growth in a carborconstrained world. Countries  that must begin with the end in mind rather than

around the world have developed strategies to working incrematally based on old paradigms.

inform the optimal supply pathways and ende

applications for hydrogen, as well as to define

export strategies.

The demand for hydrogen in global energy
systems is dramatically increasing, with
projections indicating at least a tenfold increase in
demand over the next three decades. Studies

1 Bloomberg NEF. (2020jydrogen Economy Outlook
Retrieved from
https://data.bloomberglp.com/professional/sites/24/BNEF
HydrogerEconomyOutlookKeyMessages30-Mar-

2020.pdf
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aQ b! 51 Q{ | 5+ b ¢ ﬁ Iﬁt@)lifhed international collaborations

Canadian government, industry and academia

Canada has uniqueompetitive and are involvedin international collaborations
related to hydrogen that position Canada as a

comparative advantages that position  |eader both from an innovation and

the countryto become aworld-leading commercial perspective.

producer, user, and exporter of clean g Energy export channels to market

hydrogen, as well as hydrogen ,\ \ gy 08 LINEEAYAGE G2 K
technologies and services. A strong markets including Japan, South Korea,
hydrogen economy will lead to Californa, the UK, Germany, and alledirope

financial, environmental, andhealth along with export assets such as deep water
. . ports, established pipeline networksind an

benefits for Canadians. emerging LNG industryosition Canada to be

§ Rich in feedstocks to produce hydrogen ZC;CE(S)”H of hydrogen as the global economy

Canada haamongthe lowestCarbonIntensity . 5 L _{ .
(Clelectricity suppesin the worldgiven our 8 / Y Rl Qa | yaidtdzs {dF NUAY3
hydroelectric generation capacity and status as  Canada is recognized as a global leaaéhe

a Tierl nuclear region Canada also has hydrogen and fuel cell sectareenas a hub for
abundant fossil fuel reservesiorld class CO technical expertise, intellectual property, and
storage geology, potential for growth in leading products and servic&anada is one of
variable renewables,large scale biomass the top 10 hydrogen producers in the world
supply,and freshwater resourcedl of these today. An estirated three million tonnes are
can be leveraged to produce hydrogen. produced per year from natural gas. Canada is

home to the largest clean hydrogen production
facility in the world to produce hydrogen from
Canada is known for its leading hydrogen and  natural gas with carbon capture and
fuel cell technology companies and expertise. permanent storage for the resulting £0
As of 2017, there were >100 established emissions

companies, employing #D0 people,

generating revenues >$200 million. Canada BY leveraging these advantages to develop a
also has significant expertise in carbon ceptu  Vibrant and robustclean hydrogen economy
technology one of the keyso the production ~ Canadiansvill benefit from

of low Clhydrogen from fossil fuels.

§ Leading innovation and industry position

8§ Economic growtltand jobs
§ Strong energy sector /' FylFRIQa KeRNR3ISYy SO2y2yvye
/I FyERFEQA SyYSNHE 832%@0i 2 NJ gie%‘ﬁﬁsdﬁﬁﬁ‘% Rangfactying, and services

direct and indirect jobs as @019 with assets dportlnﬁ] 'aneaSEdI péictpatlcijn fro(rjn
valued at $85 billioft. This skilled labour traditionally - marginalize an unaer

force coupled with strategic infrastructure [eprgienteHd (gj]roups aﬁ bpart of an mcluswf[a
assets position Canada to rapidly pivot to ransition Hydrogen will become a new expor

include at- scale hydrogen as an energy currency for both regional energy economies in
currency. Western, Central, and Eastern Canadayvell

asin the internatiorml market. This will allow

MINRCan. (2018un YSé& Cl OGa 2y [yl RIQa 9ySNBHe {S0iG2N
Retrieved from

https://www.nrcan.gc.ca/sites/www.nrcan.gc.caffiles/energ
y/pdf/10-KeyFactson-Canada_$nergySector2018

en%20.pdf
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Canadian energy companies to move up the energy by 2050abating up to 190 Mt

value chain asa fuel provider in azero CQe of GHG emissionsthrough
emissios future. If Canada fully seizes the

opportunity presented by hydrogen, it could deployment in transportation, heating,
lead to more than 350,008ector jobs and  and industrial applications

directrevenuesof over $50B/gar by 2050 i . oL . y .
o C2ZAUK JFYFREQa aUNBZYy 3 aul NUA
§¢CNITYaFT2NNYI UADS 2 LIJI2 NI deductioss frord M bgtinfidtidk trasformative

petroleum sector scenario could contribute up to 45 MIQe

Hydrogen is critical tdransforming oil and reduction by 2030.This scenario is more likely to
natural gas industrie® net-zero emissiondt be achieved with strong pricing and regulatory
provides an opportunity to leveragel y I R #ggntives in place at the federal and provincial
diverse talent poolyaluable energyeserves level to drive hydrogen adoption, supported by

and infrastructure assets in a way that is Immediate and aligned action across government
carbonfree at the point of use, providing a and industy. / Iyl Rl Qa NEOSydufe I

future pathway toutilizethese assets. Strengthened Climate Planincluding carbon
pricing, the Clean Fuel Standard and the
8§ Energy resilience $1.5billion dollarLow-carbonand Zereemissions

Fuels Fund, is already putting in place
foundational federal initiatives that will enable
the broad suite of meages contemplated in this
Strategy. Benefits realized by hydrogen will
accelerate beyond the 203meframe, with

potential under the transformative scenario to

biofuels, and serving as a bridge between contribute up to 190 MCQe reductions per

energy grids in an integrated engy system. year, by2050.

§ Cleaner air 9 H, Opportunity

Hydrogen can act as an energy carrier to enable
increased penetration of renewableby
providing time shifting and energy storage
capabilities. Hydrogen adds optionality in a
future netzero mix, complementing other
energy vectors such as direct electrification and

Hydrogen does not produce greenhouse gases,
black carbon, particulates, $Or groundlevel 2030 2050
ozone at the point of use When used in an
electrochemical fuel cell, it emitnly water o
and heat Increased hydrogen adoption lead _ 6% 30%
to cleaner airwith improved health outcomes | DfEES:g'fred
for Canadians.

§ Meetingdecarbonization goals @ 4 Mt-H, 20 Mt-H,
Hydrogenuniquely closes the gap in hao- HDY;‘;Oagned”
abate, energy intensive applicatiossich as
longrange transportation highgrade heat ’
production ard as a feedstockniindustrial i& 45 ;#: :300 up to
processesHydrogerhas the potential tanake e sons -COz¢ 130 Mt-COze
significant contributions té | y | Fequited AN J

GHG emission reductisby 2050 Production

/1 b! 51 Q{ htthwt¢/!IylE&Qa NAOK FSSRaA
skilled energy labour force, strategic
Clean lydrogen has the potential to energy infrastructure assets, and
deliver up to 30% of | y | ébé& leading position in innovation in
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hydrogen and fuel celtechnologies
position Canadao become one of the
top three global producers of clean
hydrogen.

Canada is one of the top ten global producers of
hydrogen today, producing an estimated 3 million
tonnes (Mt) annually via steam methane
reformation (SMR) of natural gas. WhiEMRis
not considered a clean hydrogen pathwaihout
carbon capture Canda is well placed to
transition to clean pathways going forward.
Canada has established production supply chains,
primarily in Alberta for fuel upgrading/refining
and nitrogen fertilizer productionthat can be
leveraged in the near ternBy 2050Canada cold
grow production by a factor ofevento meet
domestic demand, producing >20 Mt &w CI
hydrogen per yearwith potential for significant
expansion to meeglobaldemand

Hydrogen can be made from a variety of
feedstocks, includingvater and electricityfossil
fuels,biomassand as a byroduct from industrial
processesThe Cl of théhnydrogen pathways can
vary significantly, and Canada must be focused on
developingcosteffective,low Cl pathwayén the
near and miderm while ultimately transitiorng

to an increasing percentage of renewablezerc
emissionfeedstocksover the longerm. Canada is
working with countries around the world to
develop a common methodology to determine
and independently certifthe CI of hydrogen
whichwill be necessary to facilitate trade

Hydrogen production in Canada is
expected to be based on a mix of
pathways. The aggregatehydrogen
demand projected in 2050 highlights
the need for Canada to explore all low
Clhydrogen productiompportunities

8 Electrolytic Hydrogen

Hydrogencan be produced from watervia
electrolysis usinglean electricity. Canada is
the sixthlargest global producer daledricity

in the world and has one of the lowest carbon
intensity grids due to our vast hydroelectricity

generating assetsThere are also synergies
between hydrogen productignnuclear and
renewable electricity. Hydrogen can be
produced via electrolysis using-piak nuclear
electricity in the near term,while high
temperature thermal processeer coupling
with small modular reactorare viablein the
longer term.Hydrogencanalsoplay a role in
daily to seasonal storage driablerenewable
resources enablinga higher penetration of
intermittent renewables on the grid

8 Hydrogen from fossil fuels

Clean kdrogen can be produced from fossil
fuels when combined with Carbon Capture
Utilization, and Storage (CCUS) or the carbon
can alternatively be sequestered in tleem of
solid carbo®@ / Iyl Rl Aa {(GKS
largest producer of natural gas. Provinces with
the highest natural gasnd petroleum reserves
are Alberta, British Columbia, and
Saskatchewan, arttie AtlanticProvinces, and
these provinces are best s for hydrogen
productionfrom fossil fuels

§ Hydrogen from biomass

Hydrogen can be derived from the gasification
of dry biomass. This is considered to be both
renewable and carbon neutral. Most provinces
in Canada have access to biomass residues
through forest and agriculture sectors.

8 Industrial byproducthydrogen

Hydrogen in Canada currently produced as a
by-product of industrial processes including
chlor-alkali and sodium chlorate production
can be captured, purified, and used directly.
Vented hydogen from largescale plants can
be sufficient to suppodomeneartermneeds
butislimited in supply

The hydrogen supply network in Canada could
include both largescale centralized plants in
[+ Yyl RI Q&as yidh prdzMdes or in regions
with high penetration of lowcost renewables,
and smallerscale distributed electrolytic
production near demand ceaers. Delivered
hydrogen costs of $1.58.50/kgare projectedto

be achieved as production scale is realized and
investment is made in distribution infrastructure.
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Industry andProvincialGovernments will play an  regulations Both of these provinces have started
important role in determining which hydgen to deploy hydrogen fueling infrastructure and
production pathways will come to fruition in light-duty FCEVs

Canada, and over what imeframes. Battery dectric vehicles are expected to take a

EndUse significant portion of the market share for light

, _ N duty applications in Canad&CEV®ffer choice
Domestic deployment of hydrogen is critical to 5, consumers dsiring longer rangand faster

4 dzLJLJZ N Ay 3 flebyhy Hydra@en andd2 NJo|Rg times and arewell suited to larger
fuel cell sector, as well as to meeting climate passenger vehicle platforms.

change obijectives. Ehearlier deployment starts,

the sooner scaleand user acceptance withe Public transit agencies around the world are
achieved allowing the realization of longeerm shifting towards lowand zeroemission vehicles.
projections on uptake and associated benefits. Fuel cell electric buses (FCEBs) are commercially

available today, with more than 2000 FCEiRs
Adoption of hydrogerwill be focused service woldwide, and approximately half of
on energyintensve applications where those are powered by Canadian technology.
it off dvantages over alternative | ' Y P Rb Kba — dzyaldzs -b2usSyuAl
It ofters advantages O\ IV )\ VI RIQ a2fdiirzy 6AGK bSs
low-carbon optionsThis includes using Ballard Power Systems leading the market with
hydrogen as a fuel for Ion@nge commercial fuel cell electric bus deploymenh
transportation and power generation, North America.
to provide heat for industry and Thezeroemission bugZEB)nitiative? underway

T in Canada encourages government to support
bUIIdIngS, and as a feedstock for school boards and municipalities in purchasing

industrial processes. 5000 ZEBsover the nextfive years. Canada can
_ leverage the local supply chainto provide
§ Fuel for Transportation economic value iFCEBare a portion of the mix.

Hydrogen can be used directly as a fuel in fuel cell These buses are well suited to longer routes and
electric vehicles, which have ige the efficiency ~ cold weather climate that Canadian transit
of combustion engines and zercharmful agencies service.

emissions at the tailpipeHydrogen combustion  Fuel cellsre expected tlay a significant role in
and cocombustion engine t?(_:hn()IOgy IS a_lso medium- and heavyduty trucks, rail, and ships
under development as a transitional opportunity.  that have operationswith high power demand,

Fuel cell light-duty passenger vehicles are coupled with energyintensive and long duty
commercially available today globally, and in Cycles.For example, heavgtuty trucks travelling
limited numbers in CanadaThe Government |ong distances would require many heavy
of Canaddhas set federatargetsfor zero batteries, reducing the load capagibeyond that
emission vehicle€ZEV}o reach 10% of lighduty which would be acceptable to operator&ong
vehicles sales per year by 2025, 30% by 2030 andcharging times could also impact operations
100% by 2040Canada considers battery electric N€gatively. The improved energgnsity and fast
vehicles(BEVs)fuel cell electric vehicleCEVs) fill characteristics of fuel cell electric trucksll
and plugin hybrid eectric vehicles(PHEVs)o Iikely mgke them an optimal choice for certain
qualify as ZEVs BC and Quebec have led @applications.

provincially with the adoption ofconsumer

purchase incentives for ZEVs and sales

1Ballard. (2020)Fuel Cell Electric Buséetrieved from 2CUTA. (2019Newfederalgovernmentunveilsits
https://www.ballard.com/docs/defaultsource/web priorities Retrieved fronmhttps://cutaactu.ca/en/blog
pdf's/white-paper_fuelceltbusesfor-france finalenglish posts/newfederalgovernmentunveilsits-priorities

web. pdf?sfvrsn=938c280 0
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There is a similar value proposition for hydrogen heating is not technically or economicatie best
use in mining equipmentincluding material  solution.

handling vehicles Hydrogen presents an
opportunity to reduce widespread reliance on
diesel formining vehiclesand stationary power
equipment Hydrogenoffersthe added benefit of
reducingharmful exhaust emissiongspecially in

In/ I yII RFQa 2Af, low @1Rydragera a SO
can offer emissions reduction benefits in both
upstreamextraction(combusted aa heat source)

and downstreamrefining (used as a chemical

underground minesThe Canadian Minerals and :‘eedsgck). Oll:or examplen uplstream opere}tlons,
Metals Plan (CMMP) aims to capitalize on ow lydrogen can replace natural gas

- ch oA x AN ted toprogycestegmior isted, < 5 5 &
2 LR NI dzy AGASa G2 adNBy LGRS toprodycesieamior $Lamasssigd ¢ x ¢ s
position within the global mining sector and gravity © drainage (SAGD) in-situbitumen

emphasizes the importance of developing and productipn. Hydrogen carlower  the C.I of .

adopting alternative energy sources, such as conventional refined petroleum products in this

hydrogen ' wayandcouldoffer a compliance pathway for the
' federal Clean Fuel Standard

In the near term as costs and availability of fuel _ . _

cells challenge uptake, hydrogetiesel co Other heavy industry in Canadhat relies ona

combustion in truck applications offer an large amount of high-grade heat production
alternative pathway to create the demand for includes cementand steel manUfaCturing the
hydrogen and support infrastructure  Pulp and paper sectorand industrial processes
development. relying on steam productianThese sectors can
also reduce emissions by converting to blends of
§ Fuel for Power Genmtion hydrogen and natural gas or pure hydrogen for

heat production.
Hydrogen can be used as a fuel for power

production through either hydrogen combustion § Heat for Buildings

in turbines or electrochemical conversionn _ _ o _
stationary fuel cell power plants. Hydrogen Hydrogen can play arole in reducing emissions in
provides load managementongterm energy heating applications inthe buit environment.

storage, and a path to markehat enables the ~ Natural gas (NG) utilites are looking to
growinguse of intermittent renewables decarbonize theNG grid by introducing both
Renewable Natural GG&RNG and hydrogenas

In the longer term, hydrogen can play a role in ajternative Jow-carbon chemical fuels/ Iy I Rl Q
ANBSYAYy3 [ FyFREQa St SOENN Qbhdie resaitohFheating KcedRiing! i6rS N
still a reliance on fossil fuels for power production. 5imost 8% of energy use in the hom&ince NG
Hydrogen can also provide stability for -gfid is used for both space heéagand water heating,
renewablesbased power solutions in remote  pyqrogen is gaining increased attention from
communities and remote industrial sites such as jijities as dow-carbon option either as a blend
mines that are today largely dependent on  \yith natural gas or as a replacement fuskveral
expensive, highlgmitting diesel power jurisdictions in Canada and worldwiderea
conducting pilot projects to determine the
technical feasibility of blending hydrogen into

As a heating fuel, hydrogen isciearer-burning existing natural gas systems. Codes and standards
molecule that can be asubstitute for the work will be required to support opportunities for
combustion offossil fuels in applications where the potential blending of hydrogen

high-grade heat is needed and where electric

a
5 A

§ Heat for Industry

Due to possible technicaloostraints, beyond
blending limits of ~20% by volume, dedicated

1NRCan. (2017Residential SectoRetrieved from
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/men
us/trends/handbook/handbook res 00.cfm
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hydrogen pipelines start to become an attractive nitrogen fertilizer production also presents an
alternative. In anet-zero future where distributed  opportunity foranew Canadian industry.
combustion emissions need to be largely

eliminated, hydrogenmay beome the new Export

chemical fel of choice for heating in Canada, and ) )
utilities will play an important leadership role in  With worldwide demand for hydrogen

that transition. increasing the global market is
§ Feedstock for Industry expected to reach more than $2.5T by

Hydrogen is used as a feedstock in several 2050 There is a SlgmflcaHEXport

industrial processes in Canada today. Most OPpoOrtunity for Canadaas eergy
feedstock hydrogen is currently proded via  importers are actively looking to

steam methane reforming. Canada as a potential supplier.

Hydrogen is used as a feedstock for: As an energy rich nation with significant clean

§ Petroleum refining hydrogen production capacity, estadished
§ Bitumen upgrading international trade partnershipsand strategic
§ Ammonia production infrastructure assets such as deepter portsand
§ Methanol production established pipeline networks Canada is
§ Steel production positioned tobecome top global supplier afean

hydrogen. A 2019 BC studghows an export

The greatest use of hydrogen globally today is for Potential of $1%illion by 2050 from thaprovince
refining and upgrading crude oil, where hydrogen ~&lone Another recent study indicated that
based processes remove impurities like sulphur hydrogen exports could reach$50 billion by
and process heavy hydrocarbon chains into lighter 2050", doubling the economic potential of the

components. The majority of hydrogen required domestic market projected for Canada in that
for refining is produced orsite from either same timeframeWith import countries looking to

dedicated production facilities or as a-pyoduct. decarbonize their energy systems, hydrogen
production within refining facilities, production is ~ €Nnergy export market share in the coming
primarily supplied by natural gas reforming decades.

methods. The most significant opgonity to Just as Canada is working to capture the global
reduce emissions associated with hydrogen in the | NG export market, we can bdi on this

oil and gas industry is retrofiting existing eyperience to advance a hydrogen strategy with
conversion technology with carbon capture and g0 early actions and a national plan that builds

storage or deploying new clean hydrogen 2y /I ylIRIFQa NBIAZ2YI f aiNBy:
technology that does not produce @O we can lead in the emerging hydrogen export

Availability of low costlow CI hydrogencan  Mmarket.
create new industry in Canadarlhis includes

methanol production and liquid synthetic fuel

production, an innovative process combining
cleanhydrogen and carbon captured from the air

to produce carbomeutral, energydense liquid

fuels that are well suited to applications such as

aviation and large marine vessels. Renewable

1 The Transition Accelerator. (2020)owards NeZero Energy
Systems in Canada: A Key Role for Hydrdgetrieved from
https://transitionaccelerator.ca/wpcontent/uploads/2020/09/Net
zeroenergysystems _roldor-hydrogen 200909 inatprint-1.pdf
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REMAINING CHALLENGES

demand

Economic and Investment

The factos limiting hydrogen use insome
applications today are economic ratherthan
technological where hydrogenis not yetcost

competitivecompared to other conventional fuel

options.

While hydrogen can be among the lowest cost
alternatives for reducing carboamissions on a
dollar-per-tonne-abated basis, @hallenge today
is that even with some form of carbon pricing,
GHG emissions are noalways adequately
reflected in the market cost of baseline fuels
Implementation of the federal
Standard will be an important step forward.

The cosbf enduse applications that rely on fuel
cellsis also a barrier to adoption, and R&D and
scakd-up manufacturing processes are needed to
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creating high risk for investors.

Achieving scale is also criticéd economic
competitiveness of théndustry. While the sector
must ultimately be selfustaining,strong policy
and fiscal supportare needed in the next 40
yearsto attract and derisk industry investment.

Technology& Innovation

Clean Fuel

discover

/b yE

drive down costs. Development of supporting
infrastructure requires significant coordinated

investments, which is challenged by uncertain

Canada was an early leader in the hydrogen and
fuel cell sector and is recognized worldwide as a
region rich with technical expertise, intellectual
property, and leading products and services.
While some hydrogen and fuel cell technologies
are at a level bcommercial readiness, support for
R&D is needed toeduce costs furtherdevelop
solutions in the less mature applicatiorand

new breakthrough technologies to

RI Qa
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benefit the sector. Continuing to stay at the
forefront of innovation is critical tosustaining
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Other countries have been rapidly increasing
investmentto support innovationin the sector
whereasbetween 2008 and 201& anadaslowed
investment in fundamental researah this sector.
While more recently, &nada has again
committed to being a global leader in clean tech
innovation, this gap in support hassulted in the
fact that someCanadian companies developing
research centres and/or moving parts of their
operations to other countries where there is neor
support for technology advancementlt is
important for Canada t@ct now to prevent loss
of criticalintellectual property

Policy& Regulation

Clean hydrogen projects around the world have
primarily been in regions with a combination of
supporting poicies and regulations. Policies and
regulations that encourage the use of hydrogen
technologies include low carbon fuel regulations,
carbon pricing vehicle emissions regulations,
zero-emission vehicle mandates, creation of
emissionfree zones, and renewdd gas
mandates in natural gas networks. Mechanisms tc
help derisk investments for endisers to adapt to
regulationsare alsobeneficial.

Canada currently lackscamprehensive and long
term policy and regulatory framework that
includes hydrogenWhere policies are in place
they are not consistent across regions resulting ir
I W L4 20Naff@ach that slows adoption.

Availability ofHydrogen Infrastructure

Domestic supply of low CI hydrogen is limited ir
many parts of Canada today, and this is
preverting both pilot andcommercial rolloutFor
some applications,htere is a need to transport
and store hydrogen from the site of production to
the enduse. This includes refueling
infrastructure for transportatiorapplications

Over time, as domestic progttion and demand
grow, there will be a need for dedicated
infrastructure such ashydrogen pipelines and

CodesX Standards

The deployment of hydrogen is in the early stages
across many jurisdictions and sectors in Canada,
and there are gaps in existing codes & standards
that need to be addressed to enable adoption.
Harmonizing codes and standards across
jurisdictions will ensure that best practices are
applied across the global hydrogen economy to
facilitate the growth of tade andexport markets.

Awareness

There is a lack of awareness about the

opportunities and safety around hydrogen within
the general public, as well as within industry and
government. Increased awareness about
hydrogen as a viable decarbonization pathway
that is safe and provides economic benefits is
critical to establishing a vibrant hydrogen sector.

VISION FOR HYDROGEN IN CANADA IN 2050

>5 million Fuel
Cell Electric
Vehicle

Fueling
network across
Canada

New industries
enabled by

>50% H,in NG
P and
es
i % of :
g Canada’s
J energy system T2
[He)]

low-cost
hydrogen

Up to
790 Mt CO.e
annual GHG

Economic
growth with
> 350,000
Canadian H, sector jobs
Sector
revenue
> $508

PATH FORWARD

liquefaction plants Ensuring that these crucial
assets can be built in a coordinated and timely
manner will be essential to ensuring low cost, low
Clhydrogen can be delivered to both domestic
and international markets.

Vision for 2050

If Canada seizes the opportunities for hydrogen,
by 2050the countrycould realize the following:
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§ Upto30%of Iyl RIQ&
the form of hydrogen
§ Canada is one oftop 3 global clean

hydrogen producers, with domestic supply
>20 Mt/year

§ Established supply base of low carbon
intensity hydrogen with delivered prices of
$1.50- $3.50/kg

>Fivemillion FCEVsen the road
8§ Nationwide hydrogen fueling network

8 >50% of energy supplied today by natur:
gas is supplied by hydrogen througl
blending in existing pipelines and nev

Sy S NH providés thel ISt N@uR proppsition relative to

other zereemission technologies.

Long Term: Rapid Market Expansion

In the 20362050 timeframe, Canada will start to
realize the full benefits of a hydrogen economy as
the scale of deploymentscrease and number of
new commercial applications grows, supported

0@ /LYl RIFIQ&a F2dzyRIUGA2Y L f
infrastructure.
RECOMMENDATIONS AND

IMPLEMENTATION

dedicatedhydrogenpipelines

8§ New industries enabled by
hydrogen supply network

8§ ~350000 hydrogen sector jobs

8 >$50 billion in direct hydrogen sector
revenuefor the domestic market

lowost

§ Established and competitivehydrogen
export market

8§ Up to190 Mt-CQe annual GHG reduction

Near Term: Laying the Foundation

The focus of the nexive years will be on laying
the foundation for the hydrogeneconomy in
Canada. This includeganning for and developing
new hydrogen supply and distribution
infrastructure to support earlgeploymentHUB

in mature applications while supporting Canadian
demonstrations in emerging applications.
Regulations such abke Clean Fuel Standard will
be fundamental to driving neaerm investment
in the sector Introduction of new policy and
regulatory measures will also be needed.

Mid Term: Growth and Diversification

Activities tostimulate the sector in the nexfive
years will be followed by growth and
diversification of the sector in the 20252030
timeframe. As the technology matures and the
full suite of enduse applications is at or near
commercial technology readiness levels,
hydrogen use will be focused on dfmations that

Recommendations

The release of this strategy is the first step in the
YSEG LKIFI&S 2F /Iyl RleQa
recommendations will inform the development of
concrete actions by all players across the
hydrogen ecosystem.

In the implementation phase following the
release of the strategy, therewill be ongoing
engagement with public, private and Indigenous
stakeholders to continue the momentum, initiate
and track activites related to the
recommendations, follow progress, and identify
new priority areas as the market evolves. Actions
will be coordinatedthrough a Strategic Steering
Committee and Working Groups.

The Strategf2 arecommendations have been
developed in consultatio with stakeholders and
represent actions needed to lay the foundation
and maintain momentumfor maximizing the
0SYySFTAla 2F KeRNR3ISy
system mix.

There are 3Zecommendationsacrossthe eight
pillars of the Hydrogen Strategyor Canada Not
all of these actions will happen at onetie figure
on pageXXl outlines how Canada must sequence
actions to seize théydrogenopportunitiesover
time, cementing its essential role in our lew
carbon future.
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The { G NI ( Sebtn@endatiddd represent
sectorwide themes, highlighted throughout the
Strategy Recommendations have been proposed
in eight pillars:

Pillar 1: Strategic PartnershipsStrategically use
existing and new partnerships to collaborate and
map ou the future of hydrogen in Canada.

Pillar 2: DeRisking of Investments Establish
funding programs, longerm policies, and
business models to encourage industry and
governments to invest in growing the hydrogen
economy.

Pillar 3: Innovation - Take acthn to support
further R&D, develop research priorities, and
foster collaboration between stakeholders to

pace with this rapidly changing industry and
remove barriers to deployment, domestically and
internationally.

Pillar 5: Enabling Policiesnd Regulation- Ensure
hydrogen is integrated into clean energy
roadmaps and strategies at all levels of
government andncentivizeits application.

Pillar 6: Awareness Lead at the national level to
ensure individuals and communities are aware of
K & R NP shfety,Quas, and benefits during a
time of rapidlydevelopingechnologies

Pillar 7: Regional Blueprintsimplement a mult
level, collaborative government effort to facilitate
the development of regional hydrogen blueprints
to identify specific opportunities anglans for

ensure Canada maintains its competitive edge and hydrogen production and end use.

global leadership in hydrogen and fuel cell
technologies.

Pillar 4: Codes and StandardModernize eisting

Pillar 8: International Markets- Work with our
international partners to ensure the global push
for clean fuels includes hydrogen so Canadian

and develop new codes and standards to keep industries thrive at home and abroad.
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Strategic Partnerships

o
o
@
=
®
©
7
o

00000 0000

Collaborate across multiple levels of government and with Indigenous groups through Intergovernmental
Working Groups to establish priority areas for deployment and to share knowledge, best practices, and
lessons learned through early deployments.

Expand public/private partnerships leveraging Canada’s innovative clean technology companies and
world-leading hydrogen and fuel cell expertise to accelerate deployment projects across the value-chain.

Foster cross-sector collaborations within domestic deployment hubs to show the economic and
operational benefits of multiple applications operating as part of an integrated ecosystem.

Leverage international collaborations and pursue synergistic international initiatives to attract direct
foreign investment and to accelerate opportunities for Canada in global markets.

De-Risking Investments

Implement long-term policies that create hydrogen demand certainty and de-risk the private sector
investments needed to establish supply and distribution infrastructure.

Establish multi-year programming as well as a clear and long-term regulatory environment to support early
production and end-use projects, including support to assess the feasibility of projects.

Develop regional deployment HUBs to demonstrate, validate, and implement business cases across the full
value chain, from production and distribution to end-use.

Facilitate co-funding opportunities, leveraging multiple levels of government and the private sector.

Innovation

Develop strategic fundamental research priorities where Canada can sustainably excel and provide economic
value; set technology performance and cost goals.

Establish dedicated funding for sustained RD&D to ensure Canada retains its leadership position in hydrogen
and fuel cell technologies.

Leverage expertise in academia, government labs, and private sector labs to create regional research hubs and
to encourage mission-oriented approaches to research, development, and pilot deployments.

Foster collaboration between Federal labs, industry, and academia as well as international partners, by
supporting consortium-based projects for fundamental research and by coordinating reviews and information
sharing.

Codes and Standards

Update, harmonize and recognize codes and standards (including the Canadian Hydrogen Installation Code) to
enable deployments and to facilitate new technology and infrastructure adoption in early markets.

Establish a codes and standards working group, which includes inter-provincial Authorities Having Jurisdiction
representatives, to share lessons learned and identify gaps in codes and standards.

Develop standards that are performance based versus prescriptive, and ensure hydrogen is not excluded from
broader codes, standards, and regulations due to restrictive language.

Facilitate Canadian leadership and participation on international standard and certification efforts (e.g.
development of global carbon intensity metrics, blending levels for hydrogen in natural gas systems),
simplifying international trade.
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Enabling Policies and Regulations

Ensure that governments at all levels consider hydrogen’s essential role in Canada’s energy future as they
develop new policies, programs, and regulations.

Encourage governments to modernize and update existing policies, programs, and regulations to facilitate
growth of domestic hydrogen production and end-use.

Ensure hydrogen is part of integrated clean energy roadmaps at national and provincial/ territorial levels.

Establish technology-neutral, performance-based standards to define a hydrogen carbon-intensity
threshold. Establish tiered, time-based requirement for renewable hydrogen content in government
supported projects.

Awareness

Support community engagement and outreach where deployment HUBs are established.
Establish awareness and outreach campaigns to educate government, industry, the public, and other important
influencers about hydrogen safety, uses, and benefits.

Develop a suite of tools and resources for early hydrogen markets to help end-users quantitatively evaluate
hydrogen as an option for their operations. Host the tools and resources through a central, government-run
website.

Support collaborations between industry and academia to develop hydrogen-specific curriculums to build
awareness, interest, skills development, and training to develop the next generation talent pool and prepare
the labour force for new opportunities.

Regional Blueprints

Facilitate the development of regional hydrogen blueprints, as a multi-level government collaborative effort, to
identify specific opportunities and plans for hydrogen production and end-use. Ensure federal participation to
capture synergies with the Hydrogen Strategy for Canada.

Identify opportunities for the establishment of regional HUBs, comprised of projects along the entire value-
chain.

Include utilities, major industry from adjacent sectors, and cleantech companies in development and
implementation of blueprints.

Identify areas for alignment and replication with other provinces/regions to facilitate and accelerate overall
adoption.

International Markets

Develop a strong Canadian brand, positioning Canada to be a global supplier of choice for low carbon
hydrogen, and the technologies to use it.

Invest in infrastructure to connect Canadian supply to international markets, such as liquefaction assets for
energy dense hydrogen transport and hydrogen pipelines from western Canada to the US.

Establish domestic flagship projects that highlight Canada’s expertise, attract investments into the domestic
market, and that can be replicated internationally.

Leverage existing international fora (e.g. Clean Energy Ministerial Hydrogen Initiative, G20, IEA) to showcase
Canada’s leadership, and advance new market opportunities.
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MID-TERM (2025-2030) LONG-TERM (2030-2050)

Growth & Diversification Rapid Market Expansion
HYDROGEN Carbon Intensity
PRODUCTION <36.4 gCOe/MJ Decreasing over time
Renewable Threshold in Government Supported Projects
>33% Increasing over time
Cost of Delivered Hydrogen
$5.0- $1.5— 3.5/kg
12.0/kg
DISTRIBUTION+ Gaseous Hydrogen >
STORAGE - 1
.w__p 250 bar 'w-—B 450+ bar _D 450+ bar
Liquid Hydrogen >
.“_D East Coast -B Canada -B Canada
Wide Wide
Pipeline >
= H/NG L] Blended + L Blended +
WWE  Blended "IWE  pedicated H, Wl Degicated H,
Geological Storage >
A Salt
Cavern v
END-USE s
S e D |
: > > >
" N R
O
| |
5 —_r L = *
a New industry
1= NF, Py spinoffs
REGIONAL HUB Regional high profile hub Hub expansion, Full Pan—Canadian rollout
development incorporating - corridor connections, - and inter-provincial frade +
full value chain at scale and new hub initiations and cooperation
RD&D >

Sustained RD&D in advanced materials, hydrogen production and storage technologies,
CCUS, and end-use applications

ACHIEVEMENTS

Hydrogen Production >
3 Mt/year 4 Mt/year 20 Mt/year
(high CI) (low Cl) (low Cl)
% of Overall Energy Delivered by Hydrogen ’
1.6% 6.2% 30%
GHG Reduction
>

Up to 45 Mt Up to 190 Mt
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Canada has all the ingredients necessary to develop a competitive and sustainable hydrogen economy, from
rich feedstocks to produce hydrogen and ¥eatling innovation, to a strong energy industry and vast
international relationships. This places Caimadainique and advantageous starting position on the road to
establishing a clean hydrogen economy. If Canada fully capitalizes on its advantages, by 2050 Canadians can
benefit from more than $50B in domestic revenues, the conventional oil and gas ®ectansformed, a

vibrant export market can be established, and the use of hydrogen can reduce ampigeib®0btCQe

while improving air quality across the country.

/1 b! 51 Q{ 15+ b¢! D9{

Rich in Feedstocks

Canada has one of the lowestrbonintensity (Cl)electricity supplysystemsn the world, abundant fossil
fuel reservesworld-class C@storage geologylarge scale biomassupply, and freshwater resourcesall
of which can be leveraged to produce hydrogen.

Canada is thesixth-largest global producer oéledricity,
generating 652 TWh of electricity in ZOiBixtyseven :
percent2 ¥ [/ I yI RI Q& St SOGNRKR OAR
resources and 82% from négBHG emitting sources. Canad o
Aad GKS thixZaMEsk@atiucer of hydroelegtity, LN
YFE1AYy3 dzLd cx: 27F (2RI .2Qardaliees S SRR R | LI OA (8
alsohas significant potential to expantie deployment of [l

variablerenewables such as wind and solgfectricity from
wind energy is one of the fastegtowing sources of .
electricity inthe world and Canada. Wind accounts for 4% g
electricity generation in Canadaday, and bothwind and
solar photovoltaicdeployments aregrowing Canada is a
Tierl nuclear supplier, and 14.6% of nationwide electrici '
ISYSNI A2y O2 YrinateeFou@aving powegf I’ﬁ:‘
reactors at four nucleargenerating stations in Canada“'* g
Canada is explorintpe potential to expand nuclear capaci '
through small modular reactors that can provide RGIHG
emitting power in remote communities, building o
Canadian inavation in this sector.

-

ySol ot

Canada has the thirtiargest oil reserves in the worklds well as one of théargest proven natural gas
reservesandl & OdzNNBy i NI GS& 2F O2yadzylLliazy OFy YSSG (K.

1 NRCan. (2020Fklectridty facts Retrieved fronhttps://www.nrcan.gc.ca/sciencelata/data-analysis/energydata-analysis/energy
facts/electricityfacts/20068

2|EA (2020). Key World Energy Statistics 2020. Retrieved from https://www.iea.org/reportsdttrenergystatistics2020
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remaining for exporft Canada is hometo orE A F 1 K 2 T (i #6&lecarBohEapreiutilizatioNE S

and storage CCU¥projects in operation, and a number of leading CCUS innovttatsan be leveraged

to supportemissions reductions in migte sectors including low cebon intensity hydrogen productian

Canada has a large supply of renewable forest biomass, as well as access to forest industdy big

and residues. B.C., Ontario, Alberta, Quebec, and New Brunswick are the provinces with the largest
biomass capacitgnd generatonCA y I f t @ = / FyIF Rl KlFa 13 2F (KS 62NI RC
feedstock in the production of hydrogen using electrolysis powered by clean electricity.

Leading Innovationintellectual Property, anthdustry Position

As a resulof early leadership in RD&&nd clean tech developmer@anadais known for its leading
hydrogen and fuel cell technology companies and expertise. As of 2017, theremweeesthan 100
established hydrogen and fuel cell companies spanning the full value chain, empiayiaghan2100

people in direct jobs within Canada, and generating revenuescess of 800 million. The sector spends
upwards of $0 million in revenue per year toeep Canadian companies at the forefront of innovafion

There are new and established hydrogen and fuel cell companies as well as large energy companies and
utilities developing and deploying hydrogen solutions in most provinces within Canada. Britiab{zg

Ontario, and Quebec host the largest clusters of companies in the sector.

Increasing global demand for hydrogen has led to export market opportunities for Canadian companies.
For example, more than half of fuel cell buses deployed around the vooridain Canadian fuel cell
powertrain technology. Canadian companies are well positioned to supply technology, products and
services in support of hydrogen production, distribution, storage, and fueling infrastructuresrahase
applications such as dns, heawduty vehicles, material handling equipment, marine and aviation
propulsion systems, and bacip and stationary power solutions. Canadian technolomieseas related

to electrolyzer products and advanced storagaterials and engineered solohsalso play a significant

role in renewable energy systems across the world, integrating with wind and solar technologies. A
Canadian supply chain has emerged that provides parts, components, testing equipment, and engineering
and financial services tglobal hydrogen and fuel cell technology developers. Strategic partnerships
between industry, academia, and federal labs have been instrumental in developing new intellectual
property (IP) and training the next generation of talent for the sector.

Since 2@2, Canadian funding to hydrogen clean tech and innovation has dropped, allowing other
countries to catch up.Reinvesting in RD&D will enable Canada to capitalize on our head start and
maximize Canadian technology penetration in emerging global marketswever, technology
RSOSt2LIYSyd It2yS gAtt y20G &S CuaiNdEng the rtleaRd ®Rée LI | OS
Hydrogen Strategy, it will be critical to continue to engage on an industrial strategy to further quantify the
opportunity and set Canadan a clear path to secure our place in the Global hydrogen economy.

TogrowcleanK @ RN2 ISy LINRRdAzOGA2Y Ay [/ FylFRIEZ NBYSgSR adzJLx
leadership in this technology space is slipping, as competing countries are sepirgjlpolicy incentives

and funding to drive RD&D and commercial deployment. Canada needs to take similar action to level the
playing field with the US and other countries, and entice our wogltbwned technology developers to

deploy their expertise at hme in support of domestic reductions as well as abroad to capitalize on the

growing multibillion-dollar global market for CCUS climate solutions.

1CAPP. (2018).} Y I Rl Q& . Refrisvedif@dnhipa:/Bvww.capp.ca/energy/canadasnergymix/

2CHFCA. (2018¥anadian Hydrogen and Fuel Cell Sector Pr&i¢rieved fronhttp://www.chfca.ca/wp-
content/uploads/2019/10/CHFGSectorProfile 2018 FinatReport. pdf

3Ballard. (2020)Fuel Cell Electric Busdetrieved fronhttps://www.ballard.com/docs/defaulisource/webpdf's/white-
paper_fuelceltbusesfor-france_finalenglishweb.pdf?sfvrsn=939bc280 0
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Strong Energy Sector

I'FylFRFQa SySNHeé aSO0i2N) A3
and recovery of th&€anadian economy as it emerges frof
the COVIEL9 pandemic. It accounted for 832,500 dire¢
and indirect jobs as of 2019 , with assets of valued
$685bhillion as of 20191t was also , and the energy sectd
was responsible for directly and indirectly rdcbuting |
10.2LISNOSy G 2 G2 [/ FylFRFEQA
timeframe.

A key component of this is the hard hit oil and gas indus
which is facing exceptional challenges due to fall in
prices and a collapse in global oil demand because of
pandemic. Despite this, the petroleum sector remains
engine of recovery, employing 576,000 Canadiaffs,

including 11,000 Indigenous people, working in 4,500 companies acroadaan

e v T T 2NIAY 3
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AYTNI GNHzOGdzNB 358448 Oy 68 NBLWNLRESR F2NJ Ot Sty

natural gas transmission and distribution pipelines could act as‘segke energy storage and distribution
networks for hydogen, carrying either a blend of hydrogen and natural gas or pure hydrogen over the

long term.

Storage assets such as depleted wedlline aquiferand salt caverns can be an important enabler for
wide-spread deploymenby serving as permanent @&torage and potentially for storing hydrogen at
scale In addition, Canada already produces abundant hydrogen fratural gasn the oil and gas sector
used for upgrading and refining petroleum producend these hydrogen generation assets can be

leveraged and combined with new assets to produce abundant low Cl hydrogen

Canadian talent in the energy sector is extensive and spans all levels of the value chain in a wide range of

areas relevant to hydrogefor at-scale production From strategic R&D in ¢hchemicals industry, to
manufacturing of components and products ranging from materials to complete turnkey solutions, to

O2y&GNHOGAZY FYR &SNBAOS FyR YIAYdaSylyOS SELISNIAA

pivot to bring hydrogen intohte energy fold.

EstablishednternationalCollaborations

Canada has several bilateral and midteral agreements in place, which formalize and strengthen
collaboration with countries and regions around the world, including Germany, the EU, Portugal, and

Japan. Over the last three decades, Canada has been a founding member of several international

initiatives across the valughain and continues to levagethese strategic partnerships to advance global

collaboration on hydrogen.

§ Canadawas afounding menber of the IEAHydrogen and Advanced Fuel Qeitiatives, which

evolved into the current Technology CollaboratiBnograms (TCPs)designed to coordinate
private and public rese@ahers to accelerat®k&D,demonstratiors and advance innovation on a
globalbasis.

Canada is a founding member and key partner in the International Partnership for Hydrogen and
Fuel Cells in the Economy (IPHEember countries have committed to commercidligfuel cell
and hydrogen technologigs addressawareness and essential codes and standards.

1| Why Hydrogen in Candd?g.5



8 Most recently, Canada ledhe development and launch of Hydrogen Initiativeunder the
auspices of the Clean Energy Ministerial (CEM). Canaliads this Initiative, comprised of more
than 20 member countrig, with the objective to be the cornerstone of global hydrogen
O2fttF 02N GA2Y YR (G2 AYyO2NlIR2NIGS KERNRIASYQa
discussions of energy Ministers from around the world.

w»
Q)¢

Canadian industry tsalso initiated inérnational collaborations to accelerate and leverage R&D efforts
and share learnings related to business case and practical deployment considerations. For example, the
Canadian Hydrogen and Fuel Cell Association (CHFCA) and Australian Hydrogen Colineit€AtyC
signed an MOU to strengthen collaboration between Canada and Australia in the commercial deployment
of hydrogen and fuel cell technologies, including in mining and transportation applications.

{SOSNIt 2F /Iyl RIFQ& Y _z2igliding Japae Sdith Kotea, Siying, s ghe WSrhdlB y S NE
released national strategies or announced significant investments into their hydrogen econ(@®aées

Figure 10) This recent interest is driven by multiple factors and forces but some of the most inmporta

include

§ The movement toward decarbonization across all sectors;

8§ The increasing penetration of variable renewable energy sources;
8§ The uncertainty of future investments in the oil and gas sector; and
8§ The rapidly falling costs of hydrogen productiontteclogies.

PyfA1S LINBOA2dzA NRdzyRa 2F SEOAGSYSYyd FNRdzyR Ké&RNER
hydrogen will be an essential tot addressclimate changeWhile there are still many challenges to

overcome, the message is clear: hygen will have a critical role in a carbon neutral future and most of

GKS ¢g2NIRQa fINBSal SO2y2YASa INB It NBFRe& RS@St2L
this a reality.

Energy Export Channels to Market

With over $100billion in export$ as of 2017 Canada has established trade relationships for existing
energy commodities such as natural gas, crude, refined petroleum prodaraiselectricitythat can be
leveraged to offer a new lowarbon fuel to the market.

In addition,/ I y' I R @ify to lhidi@derkimport markets including Japan, South Korea, California, and
Europe along with export assets such deepwater ports, a developingLiquefied Natural Gad.NQ
industry, and established pipeline networks as well as natural gas and oipatation companies,
position Canada to be an exporter of hydrogen as the global economy evolves.

ICER. (20172 F NJ SiG {yl LA K20GY 9y SNHE& Qa { K!|RelievedFonitthsy/wwivicéry 9 ELJ2 NIi & DNE
rec.gc.ca/nrg/ntgrtd/mrkt/snpsht/2017/0903nrgshrcndnxprteng. html
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OUR UNIQUE STARTINGINT

Canada has played an important role in the advancement of hydrogen production technology and storage

and distribution equipmentand has been a pioneer in fuel cell technology for more than 40 years.

/' FYFRAFY WK@RNRIASY FANRGAQ AyOftdzRS GKS FANRBRG LI GS
breakthrough in proton exchange membrane (PEM) fuel cell power densiteirahy 1990s to prove

the technology as viable for transportation applications.

Canada has a head start in deployimgth production andend-use applicationsFor exampleCanada
deployed the first industriabcale production of hydrogen in the 1920s, tliest fuel cell bus
demonstration in the 1990s, and the first fuel cell forklift and lidhty fuel cell electric vehicle in the
early 2000s

Today,Canada is one of the top 10 hydrogen producers in the
world today, with an estimated 3 million tonnes bydrogen
produced per year. Most hydrogen in Canada is produced by
the chemical industry and the oil and gas sector from fossil
fuels. Geographically, mostydrogenis produced in Western
Canada, followed by Central Canada and Atlantic Canada. With
theanh OA LI GA2Y 2F /Iyl RIQa FSRSNJI ¢
existing users of hydrogen, including refinery operations, are
exploring alternative pathways for hydrogen production
Alternative production pathways includeectrolysis or steam

. methane reforming $MR) of natural gas coupled with CCUS, to
- N use cleaner hydrogen as a feedstaeid compliance pathway

to reduce carbon intensity of conventional fuels

Industrial gas companies operate in both Ontario and Quebec, with hydrogen production and liquefaction
FaasSdad ! ANI [ Al dzA RrStéhzexchargR fnibkageyPEM)dlectiolyzer at itsaplant in

BEOI yO2dNE vdzS6S5S0 6KAOK Al RSAONARO6SE Fa GKS fINBSaA
capacity by 50%0ver and above thishére area number ofother new hydrogen production projects in
development across Canada

Canada continues to be an R&D and technology leader in the sector. For example, Canadiatutyeavy

fuel cell engine technology powers more than half of worldwide fuel ceditet buses in revenue service

in a range of international markets and climates. In 2018, Canadian technology was used in the first
hydrogen powered commuter train. Novel hydrogen production techniques are being pioneered across

the country, positioning &hada as a global leaderinn&tSy SN> G A2y Of SIy K@RNR3ISyYy
expertise and technologies are exported and used in countries around the world, demonstrating the
opportunity for growth and deployment on an international scale.

Despite thissuccess, there are currently few largeale domestic hydrogen projects. This impacts

/' FyFRFQa 3Jft26Ft O02YLISGAGAOBSYSaa Ay aASOSNIE gl eaod
relevant examples of local deployments when promoting their techrielb@broad. Second, Canadian

talent is being drawn to other jurisdictions where there are more opportunities to develop hands
experience. Finally, industrial clusters supporting hydrogen technology development, deployments and
supply chains are unable build or retain a critical mass of activity.

While domestic deployments are limited, the sector is not starting from zero. There are activities related
to low Clhydrogen production and use happening across Canaslahown ifrigure2. There are strategic
hydrogen production and liquefaction assets in Eastern Canada, andsendpplications range from
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deployments of lighduty FCEV&nd hydrogen retail fueling infrastruate, to pilot projects to explore
blending of hydrogen into natural gas networks to decarbonize natural gas. There are also many projects
in development and regional studies being conducted to explore hydrogen opportunities. This infographic
does not inclué production and use of grey hydrogen in the oil and gasrdtndgenfertilizer production
sectors. These industries represent an opportunity for conversion todésupply, providing important
anchor tenants as production capacity of I@hydrogen inCanada is expanded.

Current global momentum on hydrogen presents a significant opportunity for Canada if it is able to

continue to be a leader in technology development supported by new local deployments. Without local

projects and active investment, othéd2 dzy G NA Sa 6Aff SNRBPRS (GKA& TANER
|.

[j
technologyis atrisk obecoming2 dzi R G SR® b2g A& GKS (GAYS lfaturd O Y R
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CANADA'S STARTING
POINT FOR HYDROGEN
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HYDROGEN AT SCALE MERIS REAL BENEFORB EANADIANS

Economic Growth

/' Yy RFQa KeRNR3ISYy SO2y2Ye gAftf ONBIFIGS yS¢g 2206a Ay
become a new export currency for both regional eneegpnomies in Western, Central, and Eastern
Canada, and in the international market. This will allow Canadian energy companies to move up the value
chain as an endse fuel provider in a zeremission future.Canadian companies already export goods

and serices related to hydrogen and fuel cell technologies, as well as in adjacent complementary sectors

like CCUS, throughout the world. Growth of domestic deploymerilisserve as important reference

projects to helpthese Canadian businesseantinue to thrive and grow.

If Canada seizes the hydrogen opportunity, the domestic market for direct hydrogen and related product
sales could bevorth more than$50 billion per year by 2050 with additional opportunity related to
indirect revenues andxgort offering the potential to approximately double the value of the secibis
estimated thatmore than350,000 Canadians could be working in the hydrogen sector by 2050, providing
an opportunity topivotsome of the>800,000 workers in traditional &gy sector jobs as well as create
new jobs This also providebe potential to create more equitable and inclusive workforces, by mobilizing
participation from underrepresented groups including but not limited to women, yoantiapeople with
disabilities. Hydrogen production and use also provides opportunities for Indigenous communities and
organizations to lever their existing resourcesfen new market opportunities

TransformativeOLJLJ2 NJi dzy’ A ( & PeffoReiNd Séctory | R Q &

Hydrogen is critical to chieving a netkero
transformation for oil and natural gas industries. |
provides an opportunity to leverage valuable energ
and infrastructure assets, including fossil fue
reserves and natural gas pipelines, in a way that
carbonfree at the point ofuse, providing a pathway
to maximize these valuablassets in a 2050 carbon|
neutral future.Thepetroleumsector is an important
LI NI 2F /I ylFIRIQ4a SySNHe@
Canadian economy, especially in Alberta. The rece
decline in oil prices has had a large impact o
I'FyFRFQa 2Af FyR 31 a Ay
ripple effects in other ndustries. Advancing a
hydrogen economy will reduce the carbon intensi
of conventional fuels and provide opportunities to
diversify the sedr. | [

In a netzeroenergy system of the future, distributed
combustion of fossil fuelsike natural gas will be
limited, meaning that gas utilities must transform
their current suite of products and services, if the
are to remain competitiveRenewable natural gas
and landfill gas can displace natural gas, but suppl
limited. Hydrogen produced at scale can be thed
GSNY FyagSNI F2NJ/ Fyl RI
competitivein a carbon constrained future.
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Therole2 T K& RNZ 3 S yetrdleyim sedtoy Wil hifoaer time. Initialljow Clhydrogen offers a
compliance pathway to reduce carbon intensiy conventional fuels. In parallel as the demand for
hydrogen as a transportation fuel grows through increasing deployments of fueletetiles the sector
will determine how best to participate in the value chain. Liquid synthetic fuels combioingmitting
hydrogen with C@recovered through direct air capturmay also ply a role as a feedstock fadHG
neutral, energydense liquid fuels foend-useapplications likéndustrial processes as well @sge marine
vessels and aircraft still utilimy internal combustion engines.

Energy Resilience

Hydrogen isaversatile energy carrier that can be created from a number of different pathways, and this
RAGSNRERAGE 2F FTSSRalz201 ONXBSI (HydrogenwBan Relp xe§igh©blieoh y  / | y |
energy imports to become more energy independent. Hydrogen can also be the energy vector to tie
disparate energy systems together into a more optimized and resijligi@grated energy system.

Hydrogendoes notcompete with direct electrification, birather can help enable increased penetration

of renewables by providing time shifting and energy storage capabhilifi#sle the primary source of
renewable energy in Canada is hydroelectricity which comes with inherent energy storage capability, wind
power capacity has been growing steadily in the last 10 years. Electricity from wind energy is one of the
fastest growing sources of electricity in the world and in Canada, now making up 4% of the national
electricity generation with Ontario and Quebec leaglin capacity.

As seen ircountrieslike Germany, hydrogen can be the best option for utility scale energy storage as
electricity grids reach greater penetrations \wriablerenewables as a ratio of the overall mix. Prince
Edward Island by way of examphith 98% of local electricity generation coming from wind, curgent
relies on importing dispatchable grid power from New Brunswick. Hydrogen could be a solution to provide
dispatchable power to increase energy independence and could also be usedydioedteating inthe

winter as a hybrid system to offset seasonal spikes in electric heating demand. The flexibility of hydrogen
as an energy carrier provides customizable options for each region in Canada.

Cleaner Air

Whenhydrogen isused in arelectrochemical fuel cell, it emits nothing but water, completely eliminating
particulate emissions,&, NO,, and groundevel ozoneWhen combusted, it is cleaner burning than
other chemical fuelslncreased hydrogen adoption lestb cleaner air, and ebner air means improved
health outcomes for Canadians.

Although substantial efforts have been made to improve air quality in Canada over the last few decades,
indicators suggest that outdoor air pollution continues to be an important public health issDarnada
Approximately 2% of deaths, excluding deaths from injuries, can be attributed to exposure and

0.8% to fine particulatexposure, and the proportion of deaths that can be attributed to ozshews an
increasing trendGlobal deploymenbdf hydrogen inzeroemission fuel cell vehicles is focused both on
meeting healthbased air quality standards and greenhouse gas emission reduction lgdatmticipated

that more cities will impose furtherestrictions and bans on PM2dimitting diesel tricks to improve air
quality for their citizens through initiatives such as the C40 Cities pragram

1 Environment and Climate Change Canada. (2@i8health trendsRetrieved fom https://www.canada.ca/en/environment
climate-change/services/environmentahdicators/airhealthtrends.htmi

2C40 Cities Climate Leadership Group, Inc. (262@)utC40 Retrieved fronhttps://www.c40.org/about
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Meeting DecarbonizatiorGoals
|l @RN23ISYyQa loAfAGe (G2 O2yGNRO6dzGiS (G2 RSOFNB2YATFGA

Under the Parig\greement, Canada committed to reducing GHG emissions by 30% below 2005 levels by
2030, setting a 2030 target of 511 Mt. The Government of Canada has also announced a target to achieve
net-zero emissions by 2050. The magnitude of the challenge is 720Qétreduction over the next

30 years based on 2018 emissions levelseality that challenge is far greater, as increasing population
and economic growth will be competing forces in the efforts to decarbonize.

Oil and Gas

Buildings

Agriculture

] 5.8%

Waste & Others

Transportation

Heavy Industry

Figure3¢Canadl Q& HnanmMT DI D 9YAadarAzy Ly@Syiz2NE

Distributed combustion ofcarbed 8 SR FdzSfta Aa | AAIYAFAOLIY G O2y N
and gas, transportation, buildings, electricity, and heavy industry sectors.

alye fSOSNR gAftf 0SS y SR emssiond tarheOdy RGBS CliAydrggenR | Qa vy
shows the potential tawontribute tothe 2050 GHG reduction challengeldressinghe toughest third of

applications where other options like direct electdtion may not be technically or economically

favourable.Applications such aengrange transportation, higlgrade heat for industry and buildings,
and for use as a feedstock in industrial procass best srved by low carbon intensity hydrogen

1 Government of Canada. (2017).; yI Rl Q& I OO0 A 2 y &RefiivedRBrR dzOS SYAdaaiz2ya
https://www.canada.ca/en/services/environment/weather/climatechange/climgi&an/reduceemissions.html
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energy systems. However to fully understand the economic and environmental opportunities that hydrogen
presents, it is important tmderstand some hydrogen fundamentals. Hydrogen is a versatil€rearbon

energy carrier that can be produced from a variety of feedstocks that are abundant across Canada. Hydrogen
can be converted to electricity through achlelin electric vehicleend power generation equipment,
combusted to produce heat, or used as a feedstock in a range of chemical and industrial processes

HYDROGEN FUNDAMENSAL

hzere o f sj oh

Hydrogen is the first element on the periodic table as it is the simplest and lightest element oncearth
approximately fourteen times lighter than air. Hydrogen is the most abundant element in the universe,
accounting for about 75% of all mass. In it$unal and gaseous state, hydrogen is invisiolgorless
tasteless, and noioxic, making it difficult to detectikeelectricity, hydrogen is an energy carrier that
transports useable energy created elsewhere to another location. Hydrogen has the thegieegy per

mass of any fuel; the energy in 1 kg of hydrogen is the same as approximately 2.8 kg of gasoline. However,
hydrogen has a low volumetric energy densityd as a result coseffective distribution and storage is a

challenge

ELEMENT NO. 1

@ Simplest element
on Earth
ABUNDANCY
75% of the mass in
the universe
DETECTABILITY

Invisible, Odourless,
and Tasteless

Figure4 ¢ What is Hydrogen?

GRAVIMETRIC ENERGY DENSITY

Highest energy per mass
of any fuel

H

Hydrogen

VOLUMETRICENERGY DENSITY

Low volumetric density
W‘ requires advanced
storage methods

WEIGHT

@ 14x lighter than air

NATURAL STATE

— Rarely exists in free
state

ENERGY CARRIER

Stores energy first
created elsewhere
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Its ability to prauceelectricitywith limited byproducts makes hydrogen a desirable alternative fuel. The
chemical reaction between hydrogen and oxygen prodwestricity, heat, and wateiwith no pollutants

or carbon emissioneeleased at the point of usélydrogen isalso a clean burning fuel when combusted.
Despite the abundance of hydrogen in the universe, it is rarely found in its natural state on earth and is
commonly found bonded in other sources such as wate®jtind methane (CH Electrolysis and steam
methane reforming are common practices used to extract hydrogen from water and methane
respectively

Benefits

Hydrogen is a versatile and unique enecgyrierthat enables economic and environmental benefits and

can play a significant role grecarbonizatiorof energy systemds a compressed gas or liquid, hydrogen

is a multifaceted energy carrier. It has the highest energy per mass of any fuel allowing it to transfer large
amounts of energy from its point of production to emde applicationHydrogen can b@roduced from
cleanenergy sources and is carbon and pollutfrete at its point of usevhen used in a fuel cell

Hydrogen is suitable for energgtense applications where electrification is challenging or limitetd

where applicatiors currently relying on loveost natural gas are more suited to eneidgnsechemical

fuels. Similarities between natural gas and hydrogen include their safety considerations, ability to be
transported over long distances via pipeline or road, and versatility as energy carriers, making hydrogen
an excellent alternative to natural gasa range ofapplications.

Q00000

Versatile Carbonfree at Can be produced Can be Highest energy
energy carrier point of use from variety of transported per mass of any
feedstocks long distances fuel

Figure5 ¢ KeyBenefits ofUsingHydrogen

Hydrogenuse as afuel for FCEVs is quickly becoming an attractive -eengsion alternative for
transportation especialljheavyduty vehicles and transit buses that require energy dense fuels. Hydrogen
can also be used as a fuel for power generation which allows for load managemdmnergy storage
Thisenables the growh of the variablerenewable power sector.

Hydrogencan beburned directly oras ablend with natural gas to reduce carbon emissionprioviding
building heatand highgrade heat foindustry:.

Hydrogen is commonly used as a feedstock for industrial processes such as petroleum refining, bitumen
upgrading, amonia production, methanol production, and steel production.

C2NJ Y2NB Ay T2NX¥I (A 2 yusésHddr thHRdkoged ErUseFON@ALGINER a Sy R
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HYDROGEN VALUE CHAIN

PRODUCTION
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GLOBAL MOMENTUM FOR
CLEAN HYDROGEN

Current Global Hydrogen Production by Energy
Source

Figure 7 shows the global production of
hydrogen by energy source in 2018. The total
global production of hydrogen in 2018 was 144
Mt, in which 67% of production was deliberate,
and 33% was produced as byproduct to
industrial processes.

Most of the hydrogen produced todag made
from fossil fuelsin 2018,48% of total hydrogen
produced worldwide was deriveffom natural
gas. Hydrogen production from coal, which is
mostly due to its popularity as an energy source
in China,accouned for 18% of production
Electricity and oikach contributed 0.48% and
the balancewas produced as a hyroduct of
another industial process such as sodium
chlorate and chlowalkali praduction

Natural Gas

By-Product 48%

33%

Electricity
& Others

0.48% coal

18%

Figure7 ¢ Global Hydrogen Production by Ener
Source (2018)

1IEA. (2019)The Future of HydrogeRetrieved from
https://www.capenergies.fr/iwp
content/uploads/2019/07/the_future of hydrogen.pdf

Current Global Hydrogen Demand

Global demand for hydrogen in 2018, displayed
in Figure8, was 115 MiH,.

Applicationsutilizing pure hydrogen accounted
for 60% (69 MtH,) of all demand. Pure hydrogen
for oil refining and ammonia production were
the most common endisesaccounting for 33%
and 27% of total demand, respectively. The
remainder of pure hydrogen use in 2018
included transport, chemicals, metals,
electronics, and glass making industries.

Demand for mixed hydrogen covered the
remaining 40% (46 Mth) of the market with
other enduses such as heat generation from
steelworks arising gases and -psoduct gas
from steam crackeraccounting for23% of total
demand. Other uses of mixeddpgen included
production of methanol and direct reduced iron
steel (DRI).

Other** e.g.
Heat

23% Refining
(]

33%

DRI 115
. Mt-H,

Methanol

10%
Other*

4%

Transport \ Ammonia

<0.01% 27%

* Chemicals, metals, electronics, and glass making
industries

**  Generation of heat from steel works arising gases and
by-product gas from steam crackers

Figure8 ¢ Global Hydrogen Demand by Ebde
(2018%
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Interest in hydrogen in the global enerzansformationis growing rapidly with projections indicating at
least a tenfold increase in demand in the comdegades. Since 2010, global demand for hydrogen has
grown by a moderate 28%However, studies indicate that hydrogen, backed by the right incestive
investments, and policies, could providetween 18% and24% of global energy demand by 205@vith
some ountries being much highefhefivelargest consumers of hydrogen are expected to be China, the
EU, Japan, South Korea and California, based on their existing strategies and targets.

600,000
500,000
400,000

300,000

Projected Annual Global
Hydrogen (Mtonnes )

200,000
100,000

/
0 & + —— —{3'/

2020 2025 2030 2035 2040 2045* 2050*
Acil Allen Range —e—Acil Allen (Medium) ——Hydrogen Council —e—Shell

Figure9 ¢ Ranges oEstimates forAnnual Gobal HydrogenDemand

Countries around the worldre develofng strategiesand roadmapdo inform their unique patts toward

a hydrogen economylhese countryand regionspecific strategies seek to maketimal use ofsupply
pathways and erdise applications for hydrogerto power their clean economies andto position
themselvesin the international market The number of countries with polices that directly support
investment in hydrogen technologies is increasing, along with the number of sdéktyrdarget. Figure

10 shows announcementf national or regional strategies, major gect plans and other major plans

or investments in thelast two years.Accordingto the Hydrogen Coungilas of January 2020,
18governments whose economieaccount for more than 70 per cent of global GDP, have developed
hydrogen national strategie’s

L|EA. (2019)The Future of Hydrogehttps://www.capenergies.fr/wpcontent/uploads/2019/07/the_future of hydrogen.pdf
2 Hydrogen Council. (202@®ath to hydrogen competitiveness: A Cost perspediedrieved fromhttps://hydrogencouncil.com/wp
content/uploads/2020/01/Patkho-HydrogenCompetitiveness Fulbtudyl.pdf
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RECENT INTERNATIONAL H, ACTIVITY TIMELINE

May 2020: Alberta's Industrial A, M—

Feb 2019: Air Liquide
Heartland Hydrogen Task announces 20MW Jun 2019: Netherlands publishes Feb 2020: Shell
Force announced green Bécancour, QC a Climate Agreement, including announces 4GW
expansion project measures for H, production, NortH2 project _
_ including a €2.8B plan for an
Aug 2018: Weichei integrated "hydrogen valley" Mar 2019: Japan updates
angouncés a strategic — Strategic Roadmap for
investment in Ballard P ————- Jan 2018: Shell and Hydrogen and Fuel Cells
Power Systems ———— ITM Power announce
—r Sep 2020: France 10MW electrolyzer
_J releases National ‘ plant in Germany
. Hydrogen Strategy L) _
May 2019: Hydrogen including €7.2B by ® ’ Jan 2019: South Korea
Initiative launched at ® 2030 | e
lydrogen
1ch_ Clegn fnergy Jul 2020: Air Products ; Economy Roadmap
Ministerial in Vancouver

announces 4GWH,
R Froiect saudiAratia =

June 2019: BC Hydrogen My 2040 horaGats My 2o Cnd i
Study released govainimens Jul 2020: EU releases An Integrated Energy o Yan'gtze sk
approves National . { Hydrogen Corridor plan
Hydrogen Strategy System for a Climate-Neutral Europe and
— includes hydrogen as part of its €7508
Next Generation EU stimulus package
Jun 2019: Cummins
acquires Hydrogenics _
Jor 32004 "

May 2020: Western ~——@

Jun 2020: Germany Australia announces

releases National 3GW Asia Renewable
Hydrogen Strategy Energy Hub project
LEGEND including €9B budget

- National or Regional Strategy/Roadmap
. Major Project Announcement

Nov 2019: Australia Sep 2019: New Zealand
publishes National publishes Vision and
. Other Major Plan or Announcement Hydrogen Strategy Roadmap for Hydrogen

Figurel0 ¢ InternationalMomentumon Hydrogen
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3.Db o b Production & Distribution
Opportunities

Canada is well positioned to become a top global producer of clean hydrogen. Specifically, hydrogen can be
made from a variety of Canadian feedstocks, inclsaliigand clean electricity, fossil fuels, biomass and as

a byproduct from industrial processes. The scale of projected domestic and global hydrogen demand will
require Canada to maximize use of all low carbon intensity pathways across the couiitrgivEhigl w

regions the opportunity to benefit from their unique mix of production, based on local resources and economic
gbdupst! boe! Dbobeb!t! fyufotjwf! obuvsbm! hbt! gj qf m]
assets, can be leveraged tovehydrogen from production to-ese locations.

PRODUCTION PATHWAYS

Hydrogen is a chemical energy carrier that can be made from a variety of feedstocks, including water and
electricity, fossil fuels including natural gas and crude oil, biomass, andwapraduct from industrial
processes. Canada has a distinct advantage as a hydrogen producer owing to its signifiezogtlow
hydrocarbon resources and abundant clean electricity sufgsn sources including hydroelectricity,
nuclear, wind and solarThe various ways hydrogen is produced, from input feedstocks to output bulk
gas, are known as its production pathways. All energy carriers, including fossil fuel and electricity,
experience conversion losses when they are produced, distributed, and usese Tdsses accumulate
along the production pathway and affect the overall efficiency of the energy carrier. In the same way, the
carbon intensity of the various processes in the production pathway add up to the overall carbon intensity,
typically expresseth gramsCQe/MJ. In evaluating hydrogen production pathways, together and relative

to other energy carriers, the conversion efficiency, carbon intensity, feedstock availability, cost, and
storage and distributioimpactsmust all be considered.

Hydrogenmolecules do not generally exist on their own in a free state in nature but are found in many
abundant compounds. Hydrogen must be produced from feedstocks using energy inputs. When
investigating viable local hydrogen pathways, the availability of botlideeks and energy sources
should be considered. Hydrogen also has the advantage of being carbon free at the point of use, making
it ideal for both distributed and centralized consumption. When combusted, hydrogen does not produce
greenhouse gases, partiedes, SQ or groundlevel ozone, although there can be Nénissions. When

used in an electrochemical fuel cell, it emits nothing but water. However, production of hydrogen can lead
to greenhouse gas emissions and the production pathway defines the rcambensity. Given that a big

driver for the use of hydrogen in Canada is the GHG reductions it can offer, it is important for Canada to
focus future hydrogen production on economic low carbon intensity pathways.

Canada is a major hydrogen producer todaith an estimated 3 million tonnes produced annually
primarily via steam methane reforming of natural gas for industrial uses including fuel refining and
nitrogenfertilizer production, ranking in the top ten of global hydrogen producers. While ste@thane
reforming alone is not considered a low carbon intensity hydrogen pathway, Canada is well placed to
transition to clean pathways going forward.
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Colours are often used to represent the different hydrogen production pathways. For reference, common
colour definitions are provided inTable 1. While this terminology is widely used, definitions and
delineations are not standardized and can lead to ambiguitythis section, the various production
pathways will instead be described in terms of their input feedstocks and estimated carbon intensities

Canada has among the lowest CI electricity supplies in the world given our hydroelectric generation
capacity ad status as a Tiet nuclear region, abundant fossil fuel reserves, world classs@@age
geology, potential for growth in variable renewables, large scale biomass supply, and freshwater
resources, all of which can be leveraged to produce hydrogen.

Tablel ¢ Common Hydrogen Feedstock and Production Pathways Being Researched and Deployed

Production Process

@0

GREY

Produced by steam methane
reformationwithout carbon
capture and sequestration (CC:!

S

BLUE

Produced fronfossil fueldy
steam methane reformation,
pyrolysis or other processesth
carbon capture and
sequestration (CCS).

O ¢

Produced from water by
electrolysis using renewable
electricity such as
hydroelectricity, windor solar.

Produced from water by
electrolysis or higlbemperatures
from nuclear energy

GREEN

NUCLEAR

Feedstock &

energy source

Feedstocknatural
gas, gasified coal

Feedstocknatural
gas, coal, crude
bitumen

FeedstockWater
Energy source:
Renewable
electricity

Feedstock\Water
Energy source:
Uranium / nuclear
electricity
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Pros and Cons |Examples

Pros:lowest cost,
abundant

Canada produces
approximately

3 million tonnes of
Cons:highest carbon | grey hydrogen per
intensity year primarily for
industrial use.

Pros:low-cost,
abundant, low Gl
pyrolysis offers scale

and siting flexibility |, f 5SNT I O3

Cons:SMRpathway project

siting is constrained b
CCUS, feedstock is nc
renewable

Pros:lowest carbon

| .
intensity, scalable PANI [ A dz

20 MW electrolyzel
plant in Becancour.
Projects developing
in BC to support
hydrogenfueling
network.

Cons:highest cost,
opportunity cost-
competes with
electrification demand

Pros low carbon
intensity

Feasibility study
Conslimited planned in Bruce
availability and siting | County.
constraints



An overview of mature Canadian production pathways is showfigure 11. Additional emerging
technologies are under development and also show promise

E nergy & Conversion Process Purification
Feedstocks

Clean Electricity
T
I Electrolysis I a
Nuclear —b I
Biomass t
CO, Capture =
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Water I_ - * - 1 E
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Reforming or Purification and >
o I Autothermal CO, Capture Z
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m | a | &:
Crude Oilf i it
éﬁu;e; I Pyrolysis -I—} Purification = g
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Figurell ¢ Hydrogen Production Pathways in Canada
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Hydrogen Production from Wate&k Electricity

I'FYFREF Aada $Stf LIaAGA2YSR Fa I+ LINPRdzOSNJ 2F K@RNER 3¢
supply comes from renewable sources and 82% from-@GétG emitting sourcésCanada is also the

g 2 NJXthRdJargest producer of hydrdectricity. These large, predictable, and koarbon sources of

electricity are favourable for the larggcale production of hydrogen using electrolysis.

Electrolysis is the process by which electricity is used to
split water into hydrogen and oxygem this process,
water is split into hydrogen and oxygen using an
electric current and an electrolyte or membrane.
About 9L of freshwater is required for every 1 kg of H
and 8kg of>; produced. The resulting hydrogen is very
. pure and can be used directly transportation and
other enduses without further processing. The

™
i{.‘ 1 % oxygen, while often vented, can also be used in
} ﬁ\% X e )Jr. medical or industrial applications.

The main electrolyzer technologies are alkaline, Proton Exchange Membrane (PEM) and Solid Oxide
Electrdysis Cells (SOEC). Alkaline is an older technology that has been in use for over a century. It operates
best with a constant load, has low capital costs and can scale to larger tha\/'5@EM electrolyzers

rely on the same membrane technology as PEM &edls. They can be operated at a range of loads and

can respond dynamically making them advantageous for electrical utilities looking for flexible demand to
pair with variablerenewables. The final technology, SOEC, is still being commercialized aatbepar

high temperature. There is potential to combine these electrolyzers with output heat from nuclear power
plants, and geothermal and solar thermal systems.

Renewables & Hydro

[P yERIE  Aa third Srgestz , e
producer of hydroelectricity. The| . : Primary et
provinces with the greatest portion of| ==
hydroelectric power production are:

8 Manitoba: 96.8% hydroelectric
generation

8 Quebec: 95% hydroelectric
generdion

8 Newfoundland and Labrador:
93.7 % hydroelectric generatior

8 Yukon: 92% hydroelectric
generation

§ British Columbia: 90%
hydroelectric generation

Figurel2 ¢ Electricity Capacity and Primdfyel Sources per
Province in Canada

1NRCan. (203. Electricity factsRetrieved fromhttps://www.nrcan.gc.ca/scienceata/data-analysis/energydata-
analysis/energfacts/electrigty-facts/20068
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In these provinces, the electric utility providers could play an important role in the hydrogen value chain.
Electrolyzer farms ctocated at generation facilities can provide grid regulation services, and the
hydrogen produced can provide an alternative higillue revenue stream for the utilities. Decentralized
production via electrolysis can also be-locatedclose to demand centers. Electrolyzers are inherently
scalable, and many equipmentanufacturershave developed containerized solutions that are easy to
site.

Independent Power Producers, for example operating run of river, wind, or solar power gegeaasiats
can also play an important role in the value chain, particularly in provinces where power purchase
agreements are up for renegotiation.

'8 AYONBLI&AYI G6AYR yR a2tFNJFNB ONRdAKG Ayidz /[yl

production of low carbon hydrogen and reduce costsvariablesupply. Hydrogen can in turn improve

the economics ofvariable renewables by providing lareggcale energy storage that optimizes the
utilization of these power generation assefr example, Omatrio curtailed in the order of -8 TWh of
renewable electricity in 2016 that resulted in significant lost revenue, that could instead have been used
to produce hydroger.Canada rank8th in the world for both wind and solar installations. Generation
from wind farms and solar photovoltaic panels grew from a negligible amount in 2005 to approximately
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capacity at 2.%G5W. The majority of the wind facilitigés Canada are located in Ontario, Quebec, and

/
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Nuclear

Nuclear reactors produce electricity as well as process heat that can be used in the productiorCof low
hydrogen. Large extors are suitable for largecale centralized hydrogen production, while small
modular reactors will be more suitable for distributed hydrogen production. Hydrogen can be made via
electrolysis using inexpensive giféak electricity from existing nucle@ower plants. There are efforts
underway to study the economics of nuclear hydrogen production in Ontario at the Bruce Nuclear
Generating Station. Opportunity for nuclear hydrogen production today is in Ontario, where three of the
four nuclear generationtations are located, and in New Brunswick.

Small modular reactors are under development in Canada and around the world. Some small modular
reactor designs can produce high temperature process heat, which enhances the overall efficiency of
hydrogen productin (see below). Commercial deployment of advanced reactors and small modular
reactors is not expected to be a newmrm opportunity but offers a longeterm opportunity for
production of hydrogen.

High Temperature Nuclear and Electrolysis

There are sevetahydrogen production pathways that utilize the high temperature heat produced by
nuclear reactors. One method is to use the steam produced by nuclear reactors as the reactant in the
steam methane reformation process described above. This would elimihateded to use natural gas

to create steam and would simplify and lower the cost of carbon capture.

Using steam in the place of liquid water in an electrolyzer can also reduce the electricity input
requirements as steam is easier to separate than wat®ES electrolyzers, which operate at elevated

1CER. (2017). Retrieved frdtps://www.cer-rec.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/mg/cnenp-lctrct-eng. pdf

2 Environmental Energy Commissi¢2018).2018 Energy Conservation Progress Report, VolumeRatgeved from
http://docs.assets.eco.on.cal/reports/energy/2018/Makir@pnnections07. pdf
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temperatures, could take advantage of the steam
produced by nuclear reactors to improve the dfficcy of
hydrogen production and make use of heat that would
otherwise go to waste.

As new nuclear reactor designs are commercialized
including small modular reactors, high temperature fission
reactors, and eventually fusion reactors, the output water
temperature will continue to increase. Thermochemical
water splitting uses heat from 562000°C and reusable
chemical reactants such as cerium oxide and coppe
chloride to generate hydrogen. Because the process is
closed system, the chemicals are reusableligh
temperature nuclear hydrogen production could be a
@l fdzt 6t S O23SYSNY GAZ2Y LIN.
generation nuclear sites, improving the overall system
efficiency.

Hydrogen Productiorfrom Fossil Fuelsvith
CCUS

Canada has vast fossil fuel resourirethe form of natural
gas, crude ojland bitumen. When combined with Carbon
Capture Utilization, Storage(CCUS), these=sourcescan

be converted into lowClhydrogen.This pathway has the
advantage of being the lowest costoduction methodof
large-scale,clean hydrogerd 8 SR 2y G2 RI &
FYR O2YY2RA0@ Ozatax I|yR
reservesand CQ storage capacitycan meet large-scale
demandfor many decades This section summarizes the
main commercial hydrogen production pathwayom
fossil fuels in Canada and their associated options fo
CCuUs.

There is significant growth potential in CCUS and hydroge
production in Canada, which could have a major impact or
emissions reductions. Based on recent analysis by th
Transition Accelettar, there is an upper bound potential
for eight times the current domestic production of
hydrogen from natural gas in a 2050 rmdro energy
system in Canada. The CCUS requirement for thi
magnitude of hydrogen production would be
approximately 203 Mt CO2JSNJ &S| NX» DA
current CCUS operational projects capture and store abou
4 Mt of CO2 per year, this would represent a significant
increase in CCUS activity. These opportunities have als
0SSy ARSYUATASR Ay ! foSoMl
goal of largescale blue hydrogen production with CCUS
deployment across the province by 2030.

TRANSITION PATHWAY

Chw /! b! 5! SISECTAR

Canada has the potential to produce vast
amounts of hydrogen from natural gas
coupled with CCUS. Provinces with the
highest natural gas production are Alberta
and BC, followed by Saskatchewan, and
these are the provinces most suited to this
hydrogen production pathway.

y S

TOTAL

16.7Bcf/d

Figurel3¢/ I yI RIF Q& wnamy al N
Production by Province

In Alberta, a Bw Task Forckas been
announced ¢ advancethe hydrogeneconomy in
I f 6 SNI I Qa Ly Rodmizé K& |
transformative opportunityThe Task Force will
bringing together production, distribution and
supply industries in the area to desk
investments, with a particuldiocus on heawy
duty transport This type of mukfacetted
deployment, covering actions across the value |y
chain is an example of an early HUB for
deployment.
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Natural Gas
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marketable resources of natural gas can sustain current production levels for up to 300 years. However,
when burned or utilized directly as methane, GHG eioiss are releasedlf the methane is instead
converted into hydrogen and comted with GCUS the carbon intensityof the resulting fuel can be
reduced by approximately 9Q%ilydrogen productionfrom natural gasoffers a unique opportunity to
leverage Canadda @ ad 3l a NI do8NHDAE intensityeriehyy? dardedndile bther
production technologies arkeing scaled

Thecarbon, whercapturedin the form of CQ, can be used foenhanced oil recovery or as an industrial
feedstock providedthe emissions do not go back into the atmosphdtecan also be stored underground
provided the right suksurface geology exists. The productiohhydrogenfrom natural gasvia steam
methane reformingwith CCUSvill be constrainedby the availabilityand acessibilityof carbon storage
geology.Alberta, BC andsaskatchewalihave both largenatural gas reserves ardQ storage potential
making them favourable for this production pathwany.the production of hydrogen from natural gas via
the pyrolysis pathway, the carbon is captured in the form of solid carbon and this enables distributed
productionclose to demandavithout geological constraints.

There arethree main commercially availadle methodsto convertnatural gas into hydrogen and carbon
by-products 1) Seam Methane Reforming (SMR)which useshigh temperaturewater as an oxidant and
a source of hydrogerR) Autothermal Reformingvhichuse both water and air oxidants, and 3) Pysidy
whichrelies onmethane splittingnto hydrogen and solid carbamsing high heat

In SMRpatural gas is used both dsedstock and as fuel to generate stean the first reaction, the
methane is combined with steam {81+ Heaj} to produce a synthetic gasonsistingof CQ, CO and K
The synthetic gas is then separated usinyater GasShift (WGS)eactor andPressureSving Adsorption
(PSA) Adding carbon capture afarious placedn the process adds costs and reduces overall efficiency
but improves environmental performanc€apturing Ce@from both the WG and the PSA carduce
emissions by about 60%, whiéso capturing the flue gas @€an achieve 90%6tal carbon capturetan
additional cost of 45%SMR ighe most widely used technology for hydrogen productiorCanadand

is expected tacontinueto be one of the primary pathways going forwandith the addition of CCUSo
achieve lower carbon intensities

1Layzell DBrYoungC, Lof J, Leary J and Sit S. 2020. TowardZédetEnergy Systems in Canada: A Key Role for Hydrogen.
Transition Accelerator Reports: Vol 2, Issue 3. https://transitionaccelerator.ca/towstgero-energysystemsin-canadaa-
key-role-for-hydrogen

Y
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STEAM METHANE REFORMING (SMR)

Most of the hydrogen produced today is done using a chemical A hydrogen purifier separates high purity hydrogen from the stream
process known as steam methane reforming (SMR). SMR leaving the shift reactor. The remaining gases (unreacted methane,

involves mixing methane with steam and heating the mixture CO and CO-) are used as fuel for heating in the reformer to provide

in the presence of a catalyst in a chemical reactor called a methane additional heat and to destroy the carbon monoxide.

reformer. A chemical reaction produces hydrogen (Hz) and carbon
monoxide (CO):

CHs+H20-> 3H2+CO

The SMR process produces high purity hydrogen. It generates
CO: from the chemical reactions and from combusting fuel
to heat the reformer.

The reformer output stream, known as synthesis gas or syngas,

is fed to a second reactor called a water-gas shift reactor to generate

more hydrogen and convert some of the CO to carbon dioxide (CO2):

CO+H20->CO2+Ha2

METHANE WATER-GAS HYDROGEN
REFORMER SHIFT REACTOR PURIFICATION

' CO:

METHANE & STEAM RAW SYNGAS SHIFT REACTOR SYNGAS PURIFIED H2
o e [ ) _—u
FUEL HYDROGEN MORE HYDROGEN
r— CARBON MONOXIDE MORE CO:
METHANE LESS CARBON TAIL GAS
STEAM MONOXIDE CARBON

COz LESS STEAM MONOXIDE

Figure14 ¢ Steam Methane Reforming (SMR) Process and Descrption

Autothermal Reforming (ATR) is another technology that uses the heat produced in the reformer itself to
achieve higher CQOecovery rates. All the G@om the process is produced within the reformer so there

is no additional flue gas from heat generation requiring decarbonization. This lowers the cost of CO
capture as the resulting gases are more concentrated. ATR is widely used in the ammonia lazwloinet
industries and pilot ATR+CCUS plants are being planned in the UK%and EU

Pyrolysigs a developindnydrogen productiortechnologywhich uses higtemperature heat to splithe
methane molecule into its constituent elemeniBhe result is a very pure form bfdrogengas and solid
carbon.Thetwo mainpyrolysis technologies atbeermal and plasma pwtysis. In thermal pyrolysisheat
from natural gass used tdoreak up the methane molecule. Some of the feedstock methamet reacted
and this is recapturefbr use @& the process fuel. This reduces the conversion efficiencyirmerdases the
CQ emissionsPlasma pyrolysis a specific type of pyrolysihichusesan electricarcto generatea high
temperature plasmaWhile there are significant heat losses, theerall system efficiency can be better
than using the electricity to powean electrolyzer. There are many other ways to provide heat to the
pyrolysis systenand systems based on microwave and photdalystsare also being developedThe
solid carboris chemicdy stable and can be usedanvariety of industrial materials such agber, plastics
and in printers Pyrolysis technology has been deployed commercially but resviaaited primarily as a
source d commerciakolid carbon thermal black. It is now being developed as an economic alternative
to SMR for hydrogen productiorRyrolysis has the potential froducedistributedhydrogen at the point
of use, using natural gas as a feedstackl leveragirg existing distribution pipeline network8ecause
the carbon is sequestered as a solid carbon, production does not need tolbeatedwhere CQcan be
sequestered.

1 Global CCS Institution. (201®)lobal Status of CCS

21EA. (2019)The Future of HydrogeRetrieved fromhttps://www.capenergies.friwp
content/uploads/2019/07/the_future of hydrogen.pdf

3 Ibid
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Crude OijlBitumen, and Coal

LY FRRAGAZ2Y G2 [/ Iyl Rrkdealsosubdtaztil résouites in thedbrin 8itidde dic (1 K S
and bitumenin the regiors of Northern Alberta andSaskatchewanand coal inAlberta and British
ColumbiaGasification otrude oil bitumen, or coaluses aprocess similar to gasification of bioma3$e
feedstocks are reacted with steam aondoxygen at a high temperature producing a syntheticigadure

that can be further separated into G@nd H. This process can take plaicean industrial plant once the
feedstockhas been extracted, in which case CCUS would need to be emplogeghtiere the resulting

CQ. Inssitu gasification ian emerging technology currently being developed in Alberta and Saskatchewan
for crude oil and bitumen feedstockis this processhe gasificationtakes placaleep undergroungdsuch

as in an existing oil fieldnd thehydrogenis filtered using a selective membranEhis has thadvantage

of leaving the C@alreadyunderground and sequested, saving cost andeducing complexityThe
selection of resevoirswith appropriate geological propertie® hold the CQunderground in a stable
stateis animportant consideration for this technology.

Carbon CapturgUtilization, & Storage

¢2 | OKA S @S -zérd by RORO tadget, aff Bydrogeproduction will need to be carbeneutral -
which includeslectrolytichydrogen from norGHG emitting electricity, or hydrogen produced from fossil
fuels coupled with CCUSor it will need to be offset, for example through direct air capture 06.GQ
present, fossil fuel derived hydrogen with CCUS is moreawapetitive thanelectrolytic hydrogen in
Canada particularly due to our abundance of lesost natural gas.

1IEA, Energy Technology Perspectives, 2020

3l Dbobeb!t! Qspevduj po!|PdXEjtusjcv



Canada has decades of experience in CCUS with leadership moltghinnovaion; an abundance of
suitable geology for permanent G@Qtorage, notably in the Western Canadian Sedimentary Basin
transferable expertise from the oil and gas sector; and growing markets and emerging pathways for CO
utilization. Canada is also home toeT A T 1 K 2 T (i K&le pr&ents iR cparation| wihishShas
been enabled by the existing policy environment and a strong history of advancing the technology through
publicprivate partnershipsHowever, challenges remain in terms of high technglagsts for some
applications, technical and commercial risks, required mfrastructnvestment and competitiveness

with other countries like the US, UK and Norwaith ~
strongerpolicy incentivesn placad / | y I Rl Qa
leadership has included whkrto advance hydrogen
production with CCUSProjects include thé&hell Quest
Project,and the Sturgeon Refinery linked tine Alberta
Carbon Trunk Line

NRCan is considering opportunities for a CCUS sector t
gAtt £ SOSNI AS /I yI Rtagnailitigsl
to support emissions reductions in industrial sectors (e.
oil and gas, cement, iron & steel, chemicals, powe
enable low carbon hydrogen, other €ased fuels and
products, and negative emissions solutions like direct a5
capture (DAC) and bioenergy with CCS (BECCS).

There is significant growth potential in CCUS alongsigs
cleanhydrogen production in Canada, which could have :
major impact on emidsns reductions. Based on recentisssgi
analysis by the Transition Acceleratpa panCanadian, 58
non-profit organization working on emissions reduction =St

solutions for business and soci&fthere is an upper bound potential for eight times the current domestlc
production ofcleanhydrogen from natural gas in a 2050 retro energy system in Canada. The carbon

capture and storage requirement for this magnitude ofean hydrogen production would be

F LILINRPEAYLF GSt& Hno ad / hwu LISNJ &iénklNdjectd dagiBe/andstorg I Rl Q&
about 4 Mt of CO2 per year, this would represent a very significant increase in CCUS attasty.
opportunities have been identified il y Of dzZRSa ! ft 6 SNIF Q& bl GdzN} f - DI & +A
scale blue hydrogn production with CCUS deployment across the province by 2030.

Capture& Compression

Capturing Ceat the point of conversion of fossil fuels into hydrogen is much easier than capturing it once
released into the atmosphere. The concentration ob @Cthe source gaprocessstream is a significant
driver of cost and energy requirements of capturing.Cénd these capture and compression costs
dominate the overall costs of CCUSarge, higitoncentration C@emissions such as those from ethanol,
natural ga processing, and hydrogen production typically have the lowesto@@ure costd Adding

NRCan. (2013North American Carbon Storage Atl&etrieved from
https://www.nrcan.gc.ca/sites/www.nrcan.gc.caffiles/enerqgy/files/pdf/41454 eng_acc.pdf

2 National Petroleum Counci2019). Meeting the Dual ChallengeA Roadmap to ABcale Deployment of Carbon Captuiee,
and StorageVol Il. Chapter 2. Repaavailable online alttps://dualchallenge.npc.org

3 National Petroleum Counc{R019). Meeting the Dual ChallengeA Roadmap to AScale Deployment of Carb@apture, Use,
and StorageVol Il. Chapter 2. Repaavailable online abttps://dualchallenge.npc.org
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CCUS to SMR plants leads, on average, to cost increases of about 50% for CapEx and requires 10% extra
fuel. It also leads on average to a doubling of OpEx as & odsti} transport and storage costs

The Shell Quest Project located in the Scotford Upgrader is a high profile SMR+CCUS project currently
operating in Alberta capturing ~1.2M2Q/year. The captured carbon is dehydrated, compressed, and
transported viapipeline ~65 km to a saline aquifer north of Redwater, AB, and injected more than two
kilometres underground. In the five years since its start up, Quest has captured and safely stored five
million tonnes of C@at a lower cost than anticipated. Accorditay Shell, the cost to operate Quest is
about 35% lower than what was forecast in 2015, due to an excellent storage reservoir with significant
capacity for C®injection, and strong capture reliability. In addition, if Quest were to be built today, it
would cost about 30% lesss a result otapital efficiency improvementsOther CCUS projects globally,
such as the Northern Lights CCS project in Norway, have incorporated lessons front @héast has

been sharing knowledge and lessons learned over thefias years to encourage more widespread
implementation of CCUS.

CQ Transportation& Low-carbon Industrial Hubs

Compressed Gan be transported by ship, pipeline
and road. Pipelines are the most economical way of
transporting C@ in large quantities nshore. The
Alberta Carbon Trunk LinACTL)pipeline is a major
CCUS project in operation and has the capacity to carry
~14.6MtCQl/year along a 240kmpipeline. It is
supplied by two C@sources, one of which is a
byproduct of hydrogen produced via thagfication of
heavy oil bottoms at the Sturgeon Refinery. The ACTL
has 85% available capacity to facilitate CCUS uptake at
additional hydrogen production and other high
SYAGGAY3 FIHOAtAGASA Ay ! 0S8N

As hydrogen productiorfrom fossil fuelsscales up,
more CQ pipelinesmore will be required to scale up
CCUS deployment. Development of loarbon
industrial hubs are trending as a way to advance CCUS
opportunities to spur innovation, enable new business
models, and encourageestelopment of coseffective
CCUS technologies at scale. Industrial hubs link
emitting facilities with C@ storage or utilization
projects, providing the benefit of shared €O
infrastructure, economies of scale, and decreased
commercial risk across multplstakeholders. CCUS
hubs are best suited for regions where CO2 storage or
utilization opportunities are near clusters of high
emitting facilities.

1IEA. (2019)The Future of HydrogeRetrieved fromhttps://www.capenergies.friwp
content/uploads/2019/07/the_future_of hydrogen.pdf

2 Shell. (2020)Quest CCS Facility Captures And Stores Five Million Tonnes Of CO2 Ahead Of Fifth AReteesad/from
https://www.shell.ca/en_ca/media/newsaandmediareleases/newgeleases2020/questccsfacility-capturesand-storesfive-
million-tonnes.html

3] Dbobeb!t! Qspevduj po!|Pd2RBjtusjcv


https://www.capenergies.fr/wp-content/uploads/2019/07/the_future_of_hydrogen.pdf
https://www.capenergies.fr/wp-content/uploads/2019/07/the_future_of_hydrogen.pdf
https://www.shell.ca/en_ca/media/news-and-media-releases/news-releases-2020/quest-ccs-facility-captures-and-stores-five-million-tonnes.html
https://www.shell.ca/en_ca/media/news-and-media-releases/news-releases-2020/quest-ccs-facility-captures-and-stores-five-million-tonnes.html

Utilization& Storage

The last stage of CCUS is its Hergn storage and sequestration underground orute in industrial and
commercial processes. @€an be stored in porous sedimentary formations including depleted gas, crude
oil, and bitumen reservoirs, deep saline aquifers, salt caverns and in coal seams. Feenosgitability

of these options depeds on their accessibility, the overlying cap rock formations and other factors.
Canada is rich in geology that is suitable fop &6rage, including sedimentary basins, saline formations

and oil and gas formations in proximity to a significant portioreofitting industriest The Western
Sedimentary Basin is a geological formation that covers Northern BC, Alberta, and parts of Saskatchewan
and contains many potential sites for storage. Deep saline aquifers are the most secure and most widely
available stoage locations in Canada.

Overall, C@storage is safe, permanent, and waémonstrated in Canada, with decades of monitoring
that proves that injected CQemains within reservoirs. It is important to note that £5forage and use,
particularly for enhanced oil recovery, has been in commercial operation since 1972 with hundreds of
millions of tonnes of COsuccessfully sequestered all over the world. As an example of advanced
protocols, California Air Resources Bb&ARB) under the low carbon fuel standard (LCFS) rules allows
negative emission G@nywhere in the world to be sequestered and receive LCFS credits for th&€0O
part of that they have a monitoring and verification protocol for ensuring that the SE9s sequestered

and anyone claiming the credit must comply with that protocol

A number of new technologies and products are emerging that utilizee{@l@r as feedstock or offer long

term sequestration potential, for example in the form of useful pradulike concrete, liquid synthetic

fuels, and consumable beverages. A number of Canadian companies are leading in this space, offering
complementary technology expertise that can ultimately also benefit the hydrogen sector.

1Dooley, J.J., R.T. Dahowski, C.L. Davidson, S. Bachu. N. Gupta and J. Gale. 268@dray€Sapply Curve for North America
and its Implications for the Deployment of Carbon Dioxide Capture and Storage Systems, p7,
http://uregina.ca/ghgt7/PDF/papers/peer/282.pdf.
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Hydrogen Productiofrom Biomas

Biomass gasification is considered both renewable and cangortral and is a viable hydrogen production
pathway in Canad&lants consume G@s they grow, so the release of £1@rough this type of process

is net carbormneutral over its life cyel Anyrenewableorganicresources compisedof mostly carba,
hydrogen and oxygen can besed abiomass feedstockBiomass gasification technology extracts
hydrogen by gasifyingnd then reformingforest or agricultural residues or other dry organic wastes.
Hydrogen production using bienergy with carbon capture and storage (BECCS) presents an opportunity
not only to decrease emissions on hydrogen production, but in other sectors as well, thvathkescarbon
negativity of the process.

Forestry and Agricultural Biomass Gasification

Biomass gasification is stable technology that use$igh temperaturesteam (generally >700°C) and
oxygen fromthe air to break down biomassinto hydrogen and other products without combustion.
Biomass gasification is generally undertaken in two stabjed initial gasification stagend 2) a water
gas shift reaction in which carbon monoxide (CO) is converted to carbon dioxidg ¢e@eratiry
additional H. PSAs then used to purify the hydrogeand remove the CO

The economies of scale associated with biomaggges
gasification are substantial, so producing hydrogen

this way requires a centralized production mode
Forest and agricultural binass are in demand in
Canada for producing liquid biofuels, renewabl
natural gas and cprocessing in petroleum
refineries. While technically viable, biomass
gadfication requires alarge dependable supplhof
localy-/regionally-sourcedfeedstocksto be a major
production pathway.Incorporating existing forest
product facilities into the hydrogen infrastructure
network could capitalize on their position as a
aggregator of biomass and serve to improve over;
efficiency of resource us@here is also theotential
02 RS@OSt2L) WoA2KdzoaQ i
challengesArguments can be made for investing i
biomass collection, storage and processing
support hydrogen production and should be
explored further in regional hydrogen plans.

a dzLJLJt

Landfill/Sewage/Agricultural Gas Reformation

Methane gas (Chiresuting from the breakdown of organic matter in landfikewage treatment plants
and agricultural wastsites is another potential source of hydrogen from biom&smiilar to thenatural
gasSMRor ATRprocesgs, the methanefrom these sourcess collected reacted with steamandthe
hydrogen is separated ouThe C@from thisfeedstockoriginates from the atmosphetaherefore, the
only additonal emissions created from the process come fridta heat require to generate the steam.
Like solid biomass feedstocks, these gasewaste streams are regionalgpecific and are in limited
supply.Given theincreasinglemand for renewable natural gas (RNG) as an alterael, it is likely that
these feedstocks will be used directly in methane form rather than be converted to hydrogen.
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OtherHydrogenProduction Pathways

Industrial ByProduct Capture

Many industrial plants produce hydrogen as agsgduct. In some cases, {pyoduct hydrogen is capred

and used as a feedstock in chemical production, and in others it is simply vented to the atmosphere. A
2019British Columbia Hydrogen Stddgund that, approximately 18.5 tonnes of relatively pure hydrogen

is currently vented to the atmosphere evetgy in BC. This represents an important nam hydrogen
source for this province and an opportunity to create a new market for industrial plants to ggibdyict
hydrogen. This production method requires minimal cleanup and represents &dsty low carbon
intensity hydrogen supply estimated at $0.88/kg prior to distribution and storbgsed on the heating
value of the fuel Supply of byproduct hydrogen in the neaterm is lowcost relative to dedicated new
production, and these chemical plantsathcurrently vent hydrogen could becoriecal pointsaround

which nearterm deploymentHUBs are based.

The supply of this source of hydrogen in Cantdd is not already utilized or soid estimated at about
70,000 tonnes per yedror190tonnes per dayl | y I R Ql&di abdsbdruihloratplantstend to
be located where electricity costs are lowest, including BC, ManisaskatchewargndQuebec.

/! b! S5SREQIODNAL HYDROGHRODUCTIORESOURCES

The production pathways adopted in dacegion of Canada will depend on the availability of feedstocks,
energy inputs, andn some casesuitable sites for CCUS. Each region/province will need to carefully
consider their entire energy system before investing in any particular production psth@serall, the
production pathway that makes the most sense for each region will minimize costs and carbon intensity
while maximizing the use of local feedstocks and energy sources.

Industry and Provincial Governments will play a ke riaol determining which hydrogen production

pathways will come to fruition over what timeframes in Canaddéth government playing the role of
establishing policyfor example setting Cl limits, and industry determining the most economical pathways

that fit within the limitsp  h SNI £ = | o6+t yOSRI NBIAZ2YyLFt | LILINBLI OF
from a mix offossil fuelderived andclean electricity-derived sources isnticipated to evolve This
diversification of fuel sourcesould bestenable production volumes to support the development of

domestic and export marketsFigure 15 shows the most likely potential pathways for each
province/region based otheir existing electrical grid and access to feedstocks.

i a@ = R o et TR A 3

1Source: ZEN and the Art of Clean Energy Solutions
2Source: Ekona Power, private market study
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LEGEND

CANADA'S HYDROGEN
PRODUCTION POTENTIAL

Fossil fuel hydrogen
production potential

Hydro/Renewable hydrogen
production potential

. Nuclear hydrogen
production potential

NORTH
. Mixed feedstock hydrogen

« Limited grid coverage, 94% hydro SUERES Production potential
« Potential role for H in mini-grids * 95% hydro
for remote communities electricity
* Opportunities
e for electrolysis NEWFOUNDLAND & LABRADOR
Northwest : * Large excess hydro generation
* Low Cl electricity grid Territories : .
®— . potential for electrolysis hydrogen
(91% hydro), 4th largest Forential [orelectrolysis yeimg
electricity producer in —®
Canada sztrf:la Newfoundland
» Vast natural gas reserves Loboador
in Montnay Formation in Ontario PEI
NE of Province position Alberta Manitoba
as 2nd largest NG

producer in Canada Saskatchewan

Prince * 99% wind
b Edward energy with
Island interconnections to
‘ other provinces
Nova

New Scotia
* Predominantly NG Brunswick — NOVA SCOTIA
and coal/coke based SASKATCHEWAN
electricity system _ N MANITOBA ONTARIO \“ NEW BRUNSWICK * Mixed electrical grid
« Significant fossil * Fossil fue/;based elgctr/crly 4 with fossil fuels,
fuel reserves and system, with 14% wind * 97% hydro = nuc/f o » Mixed electrical grid with hydro & renewables
CO  sequestration * Opportunities for wind, NG electricity fgggyostzg t?gl nuclear, hydro and fossil fuels * Relatively new and
potential, Canada’s reformation as 3rd largest « Opportunities fors )57 ergies * Relatively new and well-integrated
largest NG producer NG producer in Canada for electrolysis with Ha well-integrated NG network NG network

Figurel5 ¢ ProvinciaMap of PotentialHydrogenProduction Pathways
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PRODUCTION PATHWAYSSE CARBON INTENSITY

The production cost of hydrogefor various pathways is influenced by technical and economic factors,
including feedstock costs (e.g. natural gas, electricity), capital costs and ongoing operating costs.
According to the IEA, fuel and feedstocks are the largest component of produostsrand account for
between 45% to 75% depending on where in the world the hydrogen is being prdd@=athda has one

of the overall lowest cost of production in the world for both SMR+CCUS and hydroelectric electrolysis
according to a 2018 report fromhé Asia Pacific Research Cehtréhis cost advantage provides an
opportunity for Canada to begiproducinglow-cost, lowCl hydrogen almost immediatel@€urrently, low

Cl hydrogen production at scale in Canada is lowest cost when using fossil fuel ékedsimpared to
electrolysis pathways. While Canada has competitive electricity prices relative to international markets,
costs need to be in the range of <$40/MWh to produce hydrogen at target price points. Industrial tariffs
with high peak demand chargend tariff structures that do not recognize decarbonizing benefits can be

a barrier to electrolysis pathways.

As demand grows, economies of scale and technical advances will further lower the tystraden
productionin Canadaand this will providdéime for more renewables to be added to the grid for even
lower carbon intensity productionFigure16 compares projected bulk hydrogen production co§ist
includingdistribution cost$ by different pathways projected over time from a range of international and
Canadian studieBy 2030, the cost of SMR+CCUS hydragexpected to be in the range 6f1.00-
$2.00kg-H2 when produced at scale (>1@@ns per day TPD in Canada based on studies out of Alberta
and British Columbiayhile the cost of electrolysis fromedicatedrenewablesshows potential to be in
the $3.20/kgH, range in that timeframe.
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s $5 A BCBN A - $35 (2
2%4 - $28 3
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';:_’ $1 é & * ¢ D - $7

$0 - $0

2020 2030 2050 2020 2030 2050 2020 2030 2050 2020 2030 2050
SMR SMR Electrolysis Electrolysis
w/o CCUS w/ CCUS w/ Renewable w/ Grid

Figure16 ¢ Comparisa of HydrogenProduction Pathway Costs 2020, 2030, and 205&4

BloombergNEPpredicts the global levelized cost of hydrogen from largaewable energy powered
projects willbe cost competitive with low carbohydrogenfrom natural gas via SMR/CCUS by 2030.
Their study shows that b2050, renewablehydrogen could be produced for less than a dollar per
kilogrant. This may not be directly applicable to Canada, but the general trend of renewable hydrogen

L9l d Hampd ¢KS CdzidzNB 2F | @RNR3IASYY {SATAy3a ¢2RIF&Q& h LI NI dzy A
2 aAF tFOATAO 9ySNHe wSaSINOK /SYyiNBs a4t SNELISQuakaisa 2y | @ RNR 3
https://aperc.ieej.or.jp/file/2018/9/12/Perspectives+on+Hydrogen+in+the+APEC+Region. pdf

3BCBN BC Hydrogen Study, Zen and the Art oh@eargy Solutions Inc., 2019

4 BloombergNEF: Hydrogen Economy Outlook, March 20, 2020,
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costs coming down over time is valid and warrants further study regionally in CaHaslgever this
renewable hydrogen would beariableand not at the scale requiredn its ownfor large continuous
petajoule energy applicationsThe situation in Canada may favour fodsitlbased hydrogen over
electrolytic hydrogen due to our inexpensiand plentiful natural gas and access to CCUS. However, it
should be noted that scale and transportation costs are important factors that have a big impact on
delivered cost of hydrogen, particularly as the market is developing. Hydrogen produced vis SBARS
requires significant scal® be economical, which requires high capital investments and relatively long
buildout timing. Electrolyzers are modular and easily scaled and can be situated clesel-tze
applications. It is therefore expected thatthowill play an important role.

The Carbon Intensit{Cl)of hydrogen production is a method for comparing the emekbnd lifecycle GHG
emissions of hydrogen as it moves from primary energy source/feedstatiiieered energgommodity.
Endusecan also sometimes be consideriedhe lifecycle analysj$ut for simplicity this is separated from
production pathway emissions hereirin the case of hydrogemadefrom natural gassia SMR €CUS
this includes the upstream emissions required to remothe gasand the emissions released during the
SMR or ATR process (minus any CCQU&tream emissions vary regionally in Canadad there are
national and provincialefforts underway tolower emissions througtactions such aseducing fugitive
methaneemissions anelectrifyingupstream equipment

For hydrogen produced through electrolysis, the Cl loamlmost zero if produced from emissidree
sources of electricity such agdroelectricity wind, solar, and nuclearHydrogen produced with electricity

from a grid with mixed sources will haveCérelativeto the mix of sourceg~or example, a grid fed from
nuclear and renewables will have a much lower CI than one fed mainly from coal power plants. It is
important to note that hydrogen produced through electrolysis is not necessarily cleaner than hydrogen
produced through SMRand as regions throughout Canada develop hydrogen supgmyCt measure is
critical for comparing different production pathways and sour¢égirogen can in fact help to lower the

ClI of electricity grids in regions with mixed generation sources that include generation from fossil fuels;
this is discussed further in the entbe opportunities sectionfigurel7 compares hydrogen pathway ClI
based on Canadian and international sources.
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Figure17 ¢ Carbonintensitiesof Hydrogenfrom Different Production Pathway$'4

It will be important for Canada taevelop and adopty I GA2y | f RSTAYyAGA2Yya | YR
hydrogen whereby Cl thresholds are established and can lmependently certified. | @ RNR2 3Sy Qa
decarbonization benefits will only be realizedGédnada adopts low Cl hydrogen, and any government
investment in the development of new supply in Canada needs to reflectlthssrecommended that

Canada coordinate efforts underwanternationally, to facilitate trade in the longer term as well as
benefit from extensiveefforts that have already been initiated to quantite¢ly define and measure
hydrogen CI from a range of pathwaysor example, the European Commission has initiated a pilot
program called CerifHy to develop an-Blde Guarantee of Origin scheme for green and low carbon
hydrogen that considers both the origin of the hydrogen and its greenhouse gas (GHG) intensity. The
recommended threshold for GHG intensity is set at a 60% below the intensity of hydrogen produced from
natural gascurrently setat 36.4 gCe/MJ.?

Over time, the mix of production pathwaysll shiftbased on their overall Cl reduction and their cost per
tonne of CQabated. This will likely eventually fom a blend offossil fuel derived hydrogewith and
without CCU&nd hydrogen produced via grid connected electrolyisnon-emitting and renewable
sources with very lowar zeroCl The timeframe for this transition is dependent on a number of factors
including feedstock costlemand and technical innovatipandmarket forcesthat will ultimately drive

the production pathwaydevelopment in Canadddowever, the potential low cost afegative emissions
means thatCanada will likelyise low cost hydrocarbons for a long time tom®unless strong policy

1L9ld Hampd ¢KS CdzidzNB 2F | @RNRIASYY {SATAy3a ¢2RIF&Q& h LI NI dzy A
D 3aAF t+FOATAO 9ySNHE wSaSIFNDK /SYyiGNBI dat SNELSQmkaESE 2y | @RNR2 3
https://aperc.ieej.or.jp/file/2018/9/12/Perspectives+on+Hydrogen+in+the+APEC+Region. pdf

1 BloombergNEF: Hydrogen Economy Outlook, Ma@;12220,

1BCBN BC Hydrogen Study, Zen and the Art of Clean Energy Solutions Inc., 2019

https://www.certifhy.eu/images/media/files/CertifHy 2_deliverables/CertifHy -efiteria-definition Vi1 201903

13 clean_endorsed.pdf
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measures are put in placeProductionof hydrogenfrom
fossilfuels without CCUS should be coupled wiheater
than 50% CCUS as soams possible and move tc
predominantlygreater than90% CCUS by 2030.

The fossil fuels wth CCUS pathway wildominate
production until more renewable sources can be built al
cost reduction makes the overall energy transitionto
renewablesgain momentum.The drive for fuel switching

to direct electrification willincrease overall electricity;, ...
demand over the same timeframe that hydroggemand &
grows and hencehe market will makedecisions for th
best overall blend of pathways for hydrogen productict
with this as a considerationt is recommended that inf
addition to establishing CI thresholgspvinceswith input ¢ :
from the FederalGovernmentset longerterm objectivesto
transition to renewable hydrogen supplies through
establishing tiered thresholds of required renewable
contentovertime shouldthe economicamakesensewhen ‘
comparedagainstviablebut non-renewablecleanenergy gl
vectors The Cl thresholdsand timing will likely vary by
provincebasedon localresourceavailabilityand economic
factors. Canadaneeds policy to drive adoption of multiplg
pathways in order to ensure both decarbonization a
ultimate sustainability goals are meistablishingiered ClI
thresholds will also ensure that electrolysis assets trat
scalable andeconomiccan bedeployed to matctdemand
in the early years as demand is growiragd do not get
stranded as lower costentralized hydrogen produced g
from fossil fuels with CCUS comes online.

One way to establish a balanced supplclelanhydrogen §
is to require thatgovernmentfunded projectsutilize a

portion of low carbon hydrogen Provincial funding
programs such as Emissions Reduction Alberta are alrg
setting requirements, such asquiringdomestic hydrogen
supply, with the goalto stimulate hydrogen productio

supply chain developmenbgether with end-userollout.

Adding renewable content requirements is anothg
important aspect to considemnd in regions with nucleaig
generation the definition can be focussed on remitting
hydrogen rather tharrestricted b renewable Thefederal % _
Clean Fuel StandardCFS)takes a technology neutra /‘lﬁf’} )
approach by using th€lof the fuelto determine eligibility
for credits and then amount of credits awarded; it does NEEEE=S
specfically provide extra credit for renewablgathways

The design of the CFS will incentivize the use of low CI f
thereby driving increasing uptake of lower CI hydrog
production pathways over time.

3]Dbobeb!t! Qspevduj po!|Pd.Fj tusj cyv



STAKEHOLDER INPUT: HYDROGEN PRODUCTION
@ Opportunities

= Sixty-seven percent of Canada’s electricity comes
from renewable resources and 82% from non-
67% GHG emitting sources which could be used for
electrolysis

= (Canada is one of the top ten global producers of
H — R 3Mt hydrogen today, producing an estimated

Ha/Yr 3 million tonnes annually via steam methane
reformation (SMR) of natural gas.

= Canada is the world’s fourth largest producer
and sixth largest exporter of natural gas.

-

-

I

Challenges
Bias against certain pathways puts
overall hydrogen industry at
disadvantage and unlevel playing field

\-

in near term

CI of grid for electrolysis may be very
high in some regions for near-mid term

Predictable, long-term demand is
Regionality of CCUS, lack of acceptance ﬂ critical before industry can invest in
and concern over long term stability projects

Cost of electricity for electrolysis Large capital investment to scale
pathway driven by peak demand and production requires demand to grow
no special rate tariffs. concurrently

-

~ Findings

Focus on carbon intensity of hydrogen as primary near term performance-based metric.

Government support for supply development to be limited to low Ci pathways, with clear threshold
set and independent certification capabilities established. Align with international standardization
efforts (E.g. CertifHy @ 36.4 gCO.e/MJ).

Transition to increasing hydrogen with low to net-zero content is needed over time. Set increasing
thresholds for renewable content in government supported projects over time. (e.g. 33% now to
50% by 2050)

Strategic focus for Canada should be on CCUS innovation and engineering expertise given potential
for low Cl, low cost hydrogen derived from fossil fuels that rely on bulk CCUS potential.

-
AN
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HYDROGESTORAGE DISTRIBUTION

Hydrogen can be stored and transported from the point of productmpoint of use ira number of ways.
Storage andlistribution must be considered from the outset as regional hydrogen deployrhikis are

built up acrosgCanadaThis part of the value chain has significant economic and emissions implications
which affectthe overallhydrogendelivered cost andGHGifecycleemissions.

Hydrogen Storage

| @RN2 ISy Qa feredy ddrdify dexkSsistddg® a challenge, badha bulk commodity at the
point of productionandin enduse applications such disel storage orboardvehicles Physical storage,
materials-based storage, and chemical carrier storage are the broad categiefesnghow hydrogen

can be storedThe method of hydrogen storage is often based on the-gsé requirement, including
weight and volume available for energy storage.

Physical storage refers to hydrogen stored as either a compressed gagh pressure cylinders, or as a
cryogenic liquidn specialy insulatedtanks.In end-useapplications, such asn board vehicles, gseous
hydrogen igypicallystored in highpressure tanks with pressures ranging from 350 to 700 bar (5,000 to
10,000 psi). Hydrogen tanks for forkliftsuses and heawguty vehiclestoday generallyuse hydrogen
compressed to a pressure of 350 bhight-duty vehicles store hydrogen at 700 bes higher pressures
allow forsmaller tanksvhich can be fit more easily into conventional vehibsignsin the future, liquid
hydrogen may be usefibr onboard storagefor certain applications such as truglssmilar to LNG trucks
currently available Bulk hydrogerior non-mobile applications can be stored a compressed gastanks
above and below groundgsliquid hydrogen in large insulated tankand in natural gas pipelines, salt
caverns, and depletedells. As volumes growfor examplédf hydrogen is used to provide daily or seasonal
energy storage, the ability to utilize existing pipeline networkg@eological storage optionsecomes
necessary due to both practical footprint considerations and cost.

Gaseous ¥drogen can be stored effectively

underground in salt cavernsas has been proven in

projects in the UK, U&nd throughout Européelhese

regionsare targetingthe use of hydrogen for utility A
scale energy storage where bulk storage is requir: ' ’
for technical and economic viabilitfngineered alt
caverrsare utilized foiNGstorage in mangprovinces
in Canada. Thesmverns arecreated by fist boringa |
hole to storage depths and creating the storage spag
via solution mining, which dissolves the salt b ‘
pumping in fresh water and pulling out the brinds .

stream. The compact structure and composition Ol i & = 0 = an s
salt rock formations make the structures inherentl ,
3ra GA3IKGTZT FyR GKS Ol @5
borehole, which is plugged to prevent leakaBeied #
and compressed hydrogen can bgected through
the borehole and effectively stored in the cavern
indefinitely. As demand for hydrogen grows arount
the world, depleted gaswells are also being
considered for bulk storage of hydrogen and offe
mid-term potential in Canada in a number o
provinces.
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Storage of gdrogen as a cryogenic liquid is another physical storage metGadada has hydrogen
liquefaction assets in botQuebec and Ontarigwned and operated by large industrial gas companies.
Liquid hydrogen (Lhlis afar denser energy carrier than gaseousltogen. However, hydrogen liquefies
at-253°C, and requires approximately 10 kwhAkg of energy to cool the gas to the liquid state, which is
approximately 30% of the heating value of the hydrogesulting in increased economic costs; biist

be storal at cryogenic temperature in insulated storage tanks to avoid boil off or evaporation of hydrogen
similar to how LNG is storeifloving hydrogen as a liquid becomes cost effective as higher quantities are
needed. Liquid storage is also effective wh#refootprint is constrainedat end-uselocations, such as at
retail fueling stations for lightand heavyduty vehicles.Liquid hydrogen is typically vaporized and
dispensedn gaseous form for most fuel cell vehicle applications today. Howevelicagipns such as rail

or large marine vessels require high amounts of fuelamdconsidering storing liquid hydrogenkmard

Emergimg technologies allowydrogento be stored in the form of compounds called chemical carriers.
There is more hydrogen ia litre of gasoline than in a litre of liquid hydrogen. Hence, liquid chemical
carriers are easy to handle and can contain large quantities of hydrogen by vdWletteylcyclohexane
(MCH) and ammonia (NHare the most common chemical carriers used to stoydrogen.

Hydrogen can also be stored by adsorbing the gas on powders. One advantage of this method is that the
amounts of energy required to adsorb (bind) the hydrogen to the powder should be less than required to
form chemical bonds, as per the chenlistorage methods abovés technologies advancegdsorbent
storage may make it possible to store relatively high densities of hydrqogemparable to compressed
gaseg; at lower pressuresiWhile promising technologies are available, more research isetetmshow
ultimate potential.

HydrogenDistribution

Gaseous hydroges primarilytransportedin tube trailertrucks today, at pressures of up to 250 bar with
180-200 bar being more typicalransport Canadeegulates trasport of gaseous hydrogehrough the
Transport of Dangerous GoedTDGRegulationsSteel tube trailers are most commonly employked
gaseous delivery today, but weight regulations limit how much can be delilsredch truckA number
of companies are developing 450 haydrogen storage delivery systenusing compositanaterialsto
increase the amount of hydrogen that can be delivered by each frtheeeby reducing costs and
transportationemissions

Cryogenic iquid hydrogen s transported in liquid

superinsulated, cryognic tanker trucks. For hydroger
distribution at longer distancei moderate amounts

where dedicated hydrogen pipelines are not an optiol
liquified hydrogen iscurrently the most economical

distribution method due to itssignificantly higher

energy density.

Distributioncan add significantly to the final delivereCS=5 ¥
cost of the fuel. The cost of delivering hydrogen as |
compressed gas or a cryogenic liqudgt truck is a
function of distance; estimated cosfom a recent BC
studyare shown irFigurel18. L
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Figure18 ¢ TruckBasedDelivery Qost for Hydrogen as &ompressedsGas anddyogenicLiquid*

Natural gas pipelines can be used to bo 2
store and transport hydrogen. Canada hs s et Cawon e Y
2yS 2F UKS 62N RQa
delivering natural gas from production area o SLLsorron |
to markets in both Canada and the US.

Hydrogen can be blended into NG pipeline NORTH SASKATCHEWAN RIVER
typically at pressures less than 100 bar, taki
advantage of the inherent storage capacity
the network. Once blended into the NC
pipeline, the hydrogeiNG mixture can be
used in many applications in place of pure N
Blend ratios of up to 20% hydrogenesbeing —ep, SHTR MEALS )8,
trialed around the world, with limited impact
on infrastructure and endise appliances.
While there is a significant technolog

development focused on separatio (15,
technologies, it is currently difficult to
separate the hydrogen from the NG onc
blended. This may become viable in the m
term and would allow the separatec
hydrogen to be used in fuel cell applications

EDMONTON

Where pure hydrogen is required, dedicate
hydrogen pipeline systemmay become an
attractive option for low cost transportation
of hydrogen at scalgor exampleFigure19
shows an existing dedicated hydrogen SHERWOOD PARK
pipeline The challenge with building &5t ai

hydrogen pipelines is the initial investmer _ .
ydrogen pipelines is the initia estme Figure19 ¢ Air Products Hydrogen Pipeline in Alberta

1BC Hydrogen Study, Zen and the Art of Clean Energy Solutions Inc., 2019
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needed, and the risk of making these large capital investments while demand is growing and uncertain.
Building new NG pipelines tdl@aw for future conversion to hydrogen is an important consideration for
NG utilities investing in new infrastructure. This is particularly true in regions like the Maritimes where
the NG networks are still relatively new and in the growth stage. The EBSHa®established dedicated
technical targets for hydrogen pipelines including target capital costs of $520,000 $4mi&elongerm

target. Similar to the US, a backbone network of hydrogen pipelines could be a strategic infrastructure
asset for CanadaThis backbone would be fundamental to facilitating trade and cooperation across
provinces Once the infrastructure is in place, this is by far the lowest cost and lowest emissions means of
bulk transportation. It is recommended that a dedicated infrastooe group study this potentidlrther.

1 https://www.energy.gov/eere/fuelcells/dogechnicaltargetshydrogendelivery
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STAKEHOLDER INPUT: DISTRIBUTION & STORAGE

g+ A -

Canada already has

= Canada has unique

= Canada’s extensive

r*;,r s

= Hydrogen

dedicated hydrogen geological reserves natural gas pipeline liguefaction assets
pipelines in Alberta, including salt network can be will position Canada
and an expanded caverns and leveraged to both to distribute
buildout could give depleted NG wells store and transport hydrogen locally
Canada a hydrogen that can be hydrogen and to global
advantage leveraged for bulk markets
hydrogen storage
\o J

-ﬁ. Challenges

Canada is lagging other countries in Technical limitations exist for bulk
developing standards for hydrogen in storage and transport on rail and ship
NG pipelines

Liguefaction is energy intensive and
presents safety challenges, but is
required for large scale distribution

Storage and transmission can be best
optimized when regions collaborate
across provincial boundaries

Lack of technical data on feasibility of
leveraging and modifying Canada’s
pipeline infrastructure to support large-
scale hydrogen distribution

Hydrogen transportation costs can be
significant if key infrastructure is
lacking

@
it
O

(f

J

~Z Findings

= Fast-track regulatory approvals for high pressure gaseous distribution in Canada (450 bar)
= Accelerate updating Canadian codes & standards related to pipeline blending

= Begin scaling up natural gas injection and power-to-gas demonstrations in different regions
including investment support, policy/regulatory incentives and support for R&D and innovation

= Scale H, transport and distribution networks starting with refuelling station networks in urban areas
and in industrial clusters

= |nvest in strategic liquefaction assets in Western Canada to complement Eastern Canadian assets
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The potential for hydrogen use in Canada is as diverse as the pathways to create it. Adoption of hydrogen will
be focused on enerigyensive applications where it offedyantages over alternative-tasbon options.

This includes using hydrogen as a fuel forréomgge transportation and power generation, to provide heat for
industry and buildings, and as a feedstock for heavy industrial processes, like steel am@dkiegient
Epnftujd!efgmpznfou! pg! i zes phff odeadipgrhydtogeh andfagl aelf d b m!
sector, as well as to meeting our climate change objectives.

%
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FUEL FORRANSPORTATION

Hydrogen can be used imansportation applications through several different pathways as shown in
Figure21.

HYDROG EN Fuel cell
electric

vehicles
(FCEVs)

Vv

N Compressed _

7 natural gas ‘
vehicles

N i =
H /diesel -

& co-combustion T-T I

hicl
DIESEL g e LB AL

Figure21 ¢ Hydrogen Uses in Transportation

Hydrogen can be used directly as a fuel in fuel cell electric vehicles (FCEVs), which have two times the
efficiency of combustion engines and zero emissions at the tailpipel. cell lighduty passenger vehicles

and transi buses are commercially available today globally and deployed in limited numbers in Canada.
Hydrogen FCEVs show strong promidemg-haul,heavyduty trucking applications where batteriéave
limitations The recently approverero-emission truck regakion in California is driving significant activity

by fuel cell system developers, tier 1 engine suppliers, and vehicle ‘OEMsfocus isn quicklymoving

beyond the current pilot demonstration phase and devefgpcommercially available mediumand

heavy duty trucks for the North American markét the next few yearsSpecialty industrial vehicles,
trains, marine, and aviation applications are in the pilot demonstration phase and shostdongromise

due to the high energy demands in theseéigations.In Canada, FCEWan offer advantages in remote

and Indigenous communities in colder climatelsere battery chemistries are negatively impacted. Fuel
cells do not suffer the same inherent performance degradation in cold temperatures, and hezttEom

the fuel cells can be used for cabin heating to further differentiate extended range of FCEVs in these cold
climates.

In addition to being used directly as a fuel in FCEVs, hydrogen can enable higher amoan&vable

gasin natural gas supplypetworks that provide fuel for compressed natural gas (CNG) vehietes.
example, in British Columbia efforts are underway to recognize hydrogen as an eligible renewable gas
under the CleanBC goal to achieve 15% RNG in the natural gas distribution byst@890. Demand from

CNG fleet operators to use lower emitting renewable gas is high, and hydrogen can help to meet that
demand.There can be technical challenges related to using d@NG blend irsomevehicles, including

tank embrittlement in older typ tanks as well asNO, emissionsHowever, with the right materials and
engineering a hydrogen / CNG blend can reduce emissions of CNG vehicles and has been demonstrated

1 Advanced Clean Truck regulation enacted by California Air Resources Board on June 25, 2020. https://ww2.arb.ea.gov/our
work/programs/advancegtleantrucks
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in several pilot projectsAs hydrogen separation technology matures and morérogen is present over
a wider portion of the NG network, there is the potential for fueling stations with dual fuel soqrcéss
and hydroger; where the fuels are separated at the point of use.

Hydrogen can also besed in conjunction with diesel in internal combustion engine trucks usiAg co
combustion technologyCocombustion offers the advantage of lower entry costdéod-use's, as existing
diesel engines can be retrofit. However, these engines do not providefficiency advantages of fuel
cells and theynlyreducetailpipe emissions approximately proportionally to the percentage of hydrogen
injected, which is anticipated to reach levels of up t&@3Moreover, combusting hydrogecanlead to
increased N@emissions.This technology igienerallyseen as an intermediatsteppingstongoward the
transition to FCE8/andcan play afimportantrole in supportindiydrogen demand in the near ternThis
couldhelp build out hydrogeruelling infrastructure that wilbe compatible with heawguty FCEV trucks
as that technology moves from pilot to commercial introduction.

LightDuty Vehicles

Hydrogen will play an important role alongside electrification in the transition to-eenssion lightduty
vehicles.The Government d€anadaas set federafargetsfor zeraemission vehicles to reach 10% of
light-duty vehicles sales per year by 2025, 30% by 2030 and 100% byC&4&da considers battery
electric vehicle¢BEY, fuel cell electric vehiclegdCEVandplugin hybrid electric vehicle@PHEVasZEVs

BC and Quebec have led provincially with the adoption ofdEshaseincentives and salegulations,

and both provinces have started to deploy hydrogen fueling infrastructured=&8Vim limited quantites.

To date, approximatel{t10light-duty vehicles are in operation in Canada, supported by 3 retail fueling
stations in BC, 1 in Quebec, and 1 in Ontario. Four new stations are under development in BC, which will
represent an important milestone as vel@EMs have indicated that&/stations are needed in a region
for coverage and redundancy to enable wider rollout of vehidB$3.also just announced funding for an
incremental 10 new stations to continue to expand the netwdrks expected that an adiibnal ~150 LD
vehicles will be deployed in the coming months as the new stations come online.

BEVsare expected to take a significant
portion of the market share for lighduty

applications in Canad&CEVsffer choice

for vehicle owners preferring largel
vehicles, extended range, fasefueling,
and nocompromise performance in col
climates. Canadian consumers have sho
increasing demand for larger vehicles, wi
80% of nationwide spending on ne
vehicles in 2019 going to trucks, vans, &
SUV<.This is an indication that consumer:
will continue to want choice and will no
always focus on picking the highes
efficiency vehicle option, but rather will
weigh performance and vehicle siz  Figure22¢l & dzy R A b S E 2 Mady CarsHarg
preferences in decision making. Trenc Network?!

such as autonomous driving and ride

1 Modo. (2019). Image fronPress Release: Hyundai NEXO Fuel Cell sees succédsdeitiVancouvebased carsharing eo
operative https://modo.coop/blog/pressreleasehyundainexo-fuel-cellseessuc@sswith-modo-vancouverbasedcarsharing
co-operative/

2Source: Statistics Canadeable 2610-000201 New motor vehicle sales, by type of vehicle
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sharingmay alsadrive geater demand foFCEVgiven the higheenergy intensiveluty cyclesequired
for these applications whichre well served by hydrogeBattery and charging technology continue to
advance at a rapid pace, and larger vehicles with extended rangexpezxted to reach the market in the
near term. Ultimately both BEVs and FCEVs will have a role in decarbonizing LDVs.

FCEVare likely to be more attractive for drivers i@anadian urban centers where a higher proportion of
households livén multi-unit residential buildings (condominiums, apartments, townhouses with shared
garages) where cost and strata/laws can make retrofits of home charging stations expensive and
difficult, providing they feel welserved by hydrogen fueling infrastructute.additon, householdsvhich

rely onstreet parkingnay opt for FCEVs over BEVs due to convenieAsanarket penetration rates of
BEVs increase in urban centers, electric gneérgy and demandapacityfor vehicle charginghay present

an additional constraintThe addition of newelectricalsubstationsand distribution networkscan be
prohibitively expensiveandland may not be available.ydrogen fueling can offer an important option to
optimize overall ZEV infrastructure costs.

Althoughlight-duty FCEVs areuaently available on the market, they are still produced at a relatively
small scaleand one ofthe greatest impedimerd to deployment in Canada in the neterm is supply.
Availability of refueling infrastructure is another key challenge, and the twaoelaged as vehicleupply

is limited in part because OEMs will deploy their limited number of vehicles only in regions with installed
retail fueling networks. Regions with a combination Z&Vregulations and incentive programs to
stimulate the buildout of fueling infrastructure have been the most successful in attracting deployments
of FCEVsStrategic regional partnerships leveraging public/private procurement can be another effective
mechansm to solve this dual challenge.

Since FCEVs are currently produced in small volumes, they remain more expensive than comparable ICE
vehicles or BEVs. Untgchnology advancements angroduction scale drive down costs, consumer
subsidies will be importartb support adoptionlIncentive programs in Canada have price caps in place
that exclude FCEVs at this timdye to their high cosfs One opton to address thismpediment to
consumer adoption oFFCEVsvould be to stageincentive programsased on the matrity of each
technology.

The adoption rate of FCEVs in Canada will be highly dependent on cost reduction driven by manufacturing
at scale, the commitment to achieving national ZEV targets, as wetbascialpolicies and regulations
aroundZEVsnd buldout of hydrogen fueling infrastructure.

Medium and HeavyDuty Vehicles

Buses

Public transit agencies around the world
are shifting towards low and zero
emission vehicles. Battery electric buses
(BEBs) and Fuel Cell Electric Buses (FCEBSs)
are the two powertrains that are
considered zero emission in trans’
applications. FCEBs are commercia
available today, with more than 200(

Figure23 ¢ New Flyer's 40' Fuel Cell Electric Bus
(Retrieved from NewFlyer Website)

1 https://tc.canada.ca/en/roaetransportation/innovativetechnologies/zereemissionvehicles/listeligible vehiclesunde Fizewv
program
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FCER in service worldwide, and approximately half of those are powered by Canadian-Hegyfuel

cell engine technology. With over 15 years on the road and millions of kilometers in passenger service in
a range of hot and cold climates, FCEBs have prdw@npgerformance. Canadian companies such as New
Flyer Industries, Ballard Power Systems, Hydrogenics, and Dan&di#fidositions in the FCEB value
OKF Ay X 2F7FSNANVEY HROHE?2 Wzt RSBy @

FCEBsthe only zero emission technology that can matik performance of conventional diesel buses
and are advantageous compared to BEBs on long routes with higher power requirements. FGH&s can
provide a oneto-one replacement ratio, meaning that transit agenciesndbneed to buy more vehicles

to provide the same level of service asnventional busesThis is important from both ap-front cost

and footprint perspective, as often agencies struggle to fit ZEV fleets into their constrainedspbepet
FCEBsan be refueled at comparable speeds and irailar way as CNG buses, wher&sBgequire
much longer charging timesday.

California has been leading the way in zero emission transit in North America, with the adoption of the
Innovative Clean Transit regulation (ICT) in 2018. This regulation reqoaed00% of all new bus

purchases be ZEB by 2029, and by 2040 all bus#seamadin California must be zero emission. Large

transit agencies were required to file transition plans with the California Air Resources Board (CARB) in
summer 2020. As agencies moved from thinking about small scale pilots to planning full trangitoas

has beeranincrease in interest for hydrogen FCEBs. Energy resilience considerations have also come into

play, as several days of liquid hydrogen fuel can be stored on site in a compact footprint, providing
continuity in service even in the casé grid brownouts that are increasing in frequency in California.

I FEAT2NYALFI Q4 RSLI 28YSyida LINBOARS +y SEOSttSyd €SI
ZEB options.

There are challenges limiting deployment of FCEBs in Canada todag isTturrently no regulatory driver

for agencies to transition to zero emission. While some agencies are exploring alternative fuel strategies
to reduce emissions, a national commitmentzercemission public transit would increase the pace of
transition to full zero emission versus driving incremental change. Another challenge is that the initial
deployment requires a significant capital investment for fueling infrastructure, and upgrades to
maintenance facilities if the depas notequipped with safet systems for CNG buses. While a strong
business case can be made for cost effectiveness, compactness, and operational efficiency of hydrogen
fueling over depot charging at scale (e.g. >20 buglis) makes it difficult for agencies to run an initial

pilot to get familiar with the technology and train staff, a gating step in broader rollout.

1 https://www.ballard.com/docs/defaulisource/webpdf's/white-paper_fuelcelkbusesfor-france_finalenglish
web. pdf?sfvrsn=939bc280 0
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Canadian cities need public transportation, and it must be zero emission for Canada to become carbon
neutral and to improve air quality in urban centers. Hego-emission bus initiativeunderway in Canada

encourages government to support school boards and municipalities in purchasingzé&@Bémission

0dzaSa 20SN) (KS ySE Gin/pl yelISRIN® ¢C// 9.y | 82 tQka(i AYBYYF RESA £ £ LIN.
critical locakreference projects to the sector if fuel cell electric buses are a portion of the mix. There is an
initiative underway to encourage 1000 of the 5000 buses to be powered by hydrogen. These buses are

well suited to longer routes and cold weather climateatt@anadian transit agencies service.

The adoption of FCEBs in Canada will be dependent on a successful pilot depot conversion in the next 5

7 years in order to gain acceptance and understanding of the technology among local agencies, and to
test operation f 0SSy SF¥AGa 2y SEGSYRSR NRdziS&a Ay /Iyl RIQa
provide an opportunity to test the updated Canadian Hydrogen Installation Code published for review and
provide experience to AHJs in terms of sitingedle infrastrgture at a depot. Bus costs are coming down

due to increasing demand in other countries, and Canada could help driveytitisordinating larger
procurements across agencies.

Trucks

Fuel cellsare expected tglay a significant
role in trucking in applications where
Ke@RN23ISYyQa KAIK 3INIy
combined with fast fueling times offer
strategic benefits For example, in heavyit
duty trucks travelling long distances wit
heavy payloads, the weight of the batterie
to provide the energy needed would resu
in reduced cargo load carrying capaci

charging times could also impac JSSuus
operations negatigly in an industry where| SEl&

move goods as quickly as possible. W
showing significant promise, fuel cel

trucks are in the pilot demonstration Figure24 ¢ Fuel Cell Electric Drayage Truck
phase and are not yet commerciall (Photo curtesy of Ballard Power Systems
available.

The past few years have seen heightened interest in fuel cells for clémsgBaul trucks, known
colloquially as freight trucks, sefmucks or tractortrailers. Nikola Motor, ToyotaDaimlerand Hyundai

are all developing fuel cell powertrains for this market segment. Cummins Inc. acquired Canadian
Hydrogenics Corporation and has been investing heavily in development. A number of demonstration
projects have been piloted, including the AlberZarecEmissions Truck Electrification Collaboration
(AZETEC) project, which will trtalo class 8 fuel cell trucks on the corridor between Edmonton and
Calgary using a Canadiemade hydrogen fuel cell propulsimystem? The initial project willstart with

two fuel cell vehiclesind one refuelling stationwith plars to expand in Phase 2 as part of the Alberta
Industrial HeartlandHydrogeninitiative.

1 https://cutaactu.ca/en/blogposts/newfederatgovernmentunveilsits-priorities
2Lowey, M. JWN. (2019915YAf f A2y t NR2SOG (2 GSad | @ RNR3ASyY.RamziHrorhy ! £ 6 SNI I
https://www.jwnenergy.com/article/2019/3/15million-project-test-hydrogenfuel-albertasfreight-transportationsecta/
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In June 2020, California adopted a rule requiring that more than half the trucks sold in the stat®be ze
emission by 2035. This regulation aims to improve local air quality, a major health issue in the state that
is negatively impacted by diesel truck emissions particularly in freight corricieasy of which run
through disadvantaged communities. The ré&gion will also reduce GHG emissions, contributing to
decarbonization objectives. This regulation has led to acceleration of activity in fuel cell truck
development, and Canada stands to benafitmore commercial fuel cell trucks become available

The curent pilot under development in Alberta will be an important proof point for hydrogen deployment

in the trucking sector, as will market evolution driven by the recently adopted manda€alifornia
Ultimately Canada will need a zeemission option fofong haul trucking to reach decarbonization goals.

In September 2019, Canada was the first nation to endorse a pledge through the Global Commercial
Vehicle Drive to Zero initiative to speed adoption of zerpission and neazero emission mediurand
heavyduty vehicles in urban communities by 2025 and achieve full market penetration by 2040.
Commitments made to drive action in support of that pledge will impact the pace of adoption.

Other Transportation Applications

Goods Movement Equipment, Ports

Thereis a range of goods movement equipment powered by hydrogen fuel cells in operation today, with
varying levels of commercial readiness. Fuel cell forklift trucks are commercial, with more 300 3

units in operation across North America. Most deploymeméwe been in the U highthroughput
distribution centers where the fuel cells offer a compelling business case over lead acid batteries through
productivity improvements. The US Federal tax credit for fuel cell systems was instrumental in establishing
this market and favored depjanents inthe US over Canadélowever, hereare fuel celforklift trucksin

both Alberta and Ontariawith more deployments expected given the commercial competitiveness of
these units

Sea ports are users of heavy diesel equipment and ¢
under pressue to reduce emissions that lead to poor ai
guality and contribute toglobal warming Ports can be
hosts for early deployment hubs of fuel cell equipmen
with multi-modal transportationapplicationsconverging
on a single location that can share hydroge
infrastructure at scale. Equipment used at ports tends
be high power withintesiveduty cycles anctan provide
the fuel demand needed in a single location to drive sce
and costeffective deployment of fuel. Other goods
movement equipment that can beeployed at ports
includes drayage trucks, yard trucks, gantry crane
straddle carriers, and rail yard switchers. Hydrogen f
cell generators can also provighorepower for vessels
in harbor, and power for transport refrigeration units
staged at the pd. Figure 25 shows the location of
/ Lyl RFEQa Whiletedtaldtimdériidvehicles
may be small in terms of the overall opportunity fo
Canada, lighthouse projects hosted by ports c:
demonstrate the benefits of multiple end-use
applications sharing common infrastructuned ould be
a significant catabt for the sector in the next 5 years.
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Figure25 ¢ Canada's Ports as Hosts for Early Hydrogen Deployright

Mining

CKSNBE A& | AAYATFN @FtdzS LINRPLRAaAAGAZY FT2NJ KERNR3ISY
reduce emissionsCana@'s mining industrys one of the largest in the world. Producing more than

60 metals and minerals, Canada is among the top five worldwide producers of 14 different commodity

metals and minerals Mines in northern and remote regions are largely dependemtexpensive, high
emissionRAS&St LI26SNWP {0 {SK2ft RSNJ O2yadz GFGA2y AYRAO
approximately 2 billion litres of diesel on an annual basis. Hydrogen presents an opportunity to reduce
widespread reliance on diesel powerr fboth above ground and underground mining vehicles and can

also be integrated into microgrid stationary power systems.

1 https://www.statista.com/topics/3067/canads-mining
industry/#:~:text=Canada's%20mining%20industry%20is%20one ,different%20commodity%20 metals¥%20and%20minerals.
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