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A race to the top

f there’s one thing the energy community can agree

on, it’s that making the right or wrong long-term bet
can lead to investors jumping for joy or burying faces

in hands. That’s especially true when it comes to the
question of whether—and how—Canada’s energy sector
can evolve and compete in the decades ahead.

Hydrogen has a long, impressive history—it fuelled the
first internal combustion engines and launched humankind
to the moon—but while the product itself isn't new, how
it’s both created and used over the coming decades will
be. Consequently, the choices we make now as a nation
could impact whether Canada’s hydrogen sector grows and
succeeds or withers and disappears.

Why the renewed interest in hydrogen? Hydrogen has
a humber of unique advantages as a climate solution,
particularly in sectors that are the most difficult
to decarbonize and where alternatives are limited, often
referred to as the “toughest third” of emissions. These
include trucking, shipping, and the production of steel,
fertilizer, and cement.

Hydrogen thus offers a new hope for combating
climate change, but only if its production is cleaned up.
While previous estimates found Canada to be a top-10
global hydrogen producer, supplying some three-million
tonnes annually for industrial use, most of this hydrogen
is made using fossil fuels. In other words, it’s part of the
climate problem.

But that need not be the case. By capturing and
storing this carbon pollution, so-called blue hydrogen
can be produced. Given Western Canada’s hydrocarbon
endowment and experience with carbon capture and
storage, blue hydrogen has been described as a lifeline for
the struggling oil and gas sector.!

Blue hydrogen is indeed a significant improvement over
conventional hydrogen from a climate perspective—and
can play a role helping build out the hydrogen economy—
Canada and the provinces exploring hydrogen must also
plan for a future in which “cleaner” hydrogen could be
outcompeted by the “cleanest” hydrogen.

Today, that takes the form of green hydrogen, produced
using renewable electricity and a process called electrolysis.
In the future, green hydrogen could be in competition with
hydrogen created via other innovative technologies, like the

process being developed by Alberta-based Proton, which

separates hydrogen
from heavy oil
underground,
leaving the carbon
behind. And it remains to be seen how much cleaner blue
hydrogen might become.

What is clear is that cost and cleanliness will dictate
which nations’ hydrogen sectors are best positioned
to compete in the years and decades to come.

'The good news? According to researchers at Harvard,
Canada is among a small group of countries with the
highest potential for exporting clean hydrogen, thanks
to a clean power system (82% of Canada’s electricity grid
is already non-emitting) and plenty of access to water
(required for electrolysis).?

But the time to act is now. Already, 18 economies
comprising more than 75% of global GDP are
developing and rolling out hydrogen strategies.3
Some, like the EU and South Korea, have dedicated
post-pandemic recovery funds to make it happen. Not
unlike its contribution to wind power in the ’90s and
2000s, Germany’s priming of the hydrogen market with
a €9-billion ($13.7-billion) strategy could lead to a
snowballing competitive market—and increasingly cheaper
clean hydrogen.*

A Canadian hydrogen strategy is expected soon. Will it
be enough to ensure Canada is not only in the leading pack
today but prepared to keep its position in the race? While
it is challenging to accurately predict how much or how
quickly the hydrogen market will take off, the International
Energy Agency cites a “growing international consensus
that clean hydrogen will play a key role in the world’s
transition to a sustainable energy future.” BloombergNEEF,
meanwhile, estimates that clean hydrogen could meet
up to nearly a quarter of the world’s energy demand
by 2050.*

If Canada is to compete and succeed in the global
hydrogen economy, we must harness our competitive
advantages and focus on the long-term with a plan to
produce, use, and export the world’s cleanest hydrogen
and its related technologies. A $1-billion federal fund
over five years could be invested in strategic regional hubs
that leverage local expertise, supporting research and
development and, critically, deployment.
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“What is new today is both

Hydrogen offers Canada an opportunity to sustain the breadth of possibilities
its role as an energy leader while cementing a role

as a climate one. It offers new economic opportunities, for hydrogen use being
both at home and abroad, both as a commodity and a discussed and the depth of

technology play. And critically, hydrogen can help Canada . .
achieve net-zero emissions by 2050. It offers a new hope. political enthusiasm for those

But success is not a foregone conclusion, and the race is possibilities around the world.

already afoot. It’s time for Canada to get moving. Hydrogen is increasingly a
staple of mainstream energy
conversations in almost all
regions, with a diverse group
of countries and companies
all seeing hydrogen as having

Merran Smith a potentially valuable and

Executive Director . . .

Clean Energy Canada wide-ranging part to play in the
future of energy.”

—International Energy Agency®

*Foreign currencies have been converted to Canadian dollars using exchange
rates provided by the Bank of Canada. For amounts in 2020, we used the
average exchange rate of the first eight months. For amounts announced in a
previous year, we used the average exchange rate across that year.
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Hydrogen 2.0

In many ways, hydrogen is nothing new. It fuelled the first
internal combustion engines more than 200 years ago,
lifted early airships to heights never before reached, and a
century later launched humankind to the moon in 1969.

Enthusiasm around hydrogen’s use in the modern world
is also nothing new. Hydrogen’s would-be role as a major
tuel alternative in transportation was touted in the 70s,
’90s, and early 2000s when Canada’s largest hydrogen
technology company, B.C.-based Ballard Power, saw stock
prices soar before taking a dramatic tumble.

But Ballard shares have been climbing upward again
in recent years, as has the company’s bottom line. The
fuel-cell maker’s fourth-quarter revenue increased
by 47% in 2019, while senior executives project annual
revenue growth of roughly 30% before really taking off
after 2023.¢

Ontario-based Hydrogenics, another significant hydrogen
technology player, has seen similarly successful years.

What’s changed in 20207 Is this just another hydrogen
hype cycle?

For its part, the International Energy Agency seems
to think this time really is different, citing the “breadth
of possibilities for hydrogen use being discussed and the

Photo: Ballard Power Systems

depth of political enthusiasm” as key reasons.” After all,
the words “climate crisis” were hardly in common parlance
even a decade ago. The International Renewable Energy
Agency and leading energy analysts from the likes of
BloombergNEF, Wood Mackenzie, and Morgan Stanley
have also increasingly focused on hydrogen getting cleaner,
more cost-competitive, and ultimately playing a pivotal
role in decarbonizing future energy systems.®

Especially over the last few years, hydrogen has taken
a front seat in policy discussions and among decision-
makers. In 2017, the global Hydrogen Council was
formed and can now count more than 90 members.” Even
this year, the energy carrier keeps popping up as
jurisdictions across the globe map out their post-
COVID-19 economic recovery plans, with many
putting clean energy at their centre with explicit
plans for hydrogen.

So, why use clean hydrogen when one could use
clean electricity instead? In many cases, electricity will
indeed be the preferred option, as we've witnessed so
far with passenger cars and the dominance of lithium-
battery electric vehicles. But hydrogen has a number of
unique advantages, particularly in sectors that are the
most difficult to decarbonize and where alternatives are
limited—what BloombergNEF calls the “toughest third”
of emissions.’” And therein lies hydrogen’s significant
potential—and an opportunity for Canada—as we build
toward a net-zero 2050.
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WHAT IS
CLEAN
HYDROGEN?

Broadly speaking, clean hydrogen is hydrogen produced
from zero-emission sources or low-emission sources that
could become cleaner over time.

Compared to Canada’s current supply, hydrogen from
the following sources can be considered clean:

e Zero-emission electricity from renewables like
wind, solar, and hydro.

eNatural gas in conjunction with carbon capture
and storage, as well as low upstream emissions
from natural gas extraction.

eOther innovative zero-emission technologies.

Clean hydrogen thus covers green and best-in-class
blue hydrogen, as well as hydrogen produced using
other innovative zero-emission technologjes. Conversely,
hydrogen produced from fossil fuels without carbon
capture and storage cannot be considered clean.

CLEAN HYDROGEN CURRENTLY
MAKES UP LESS THAN

1%

OF HYDROGEN PRODUCED
WORLDWIDE. 4
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COMMON
COLOURS

Grey, black, and brown hydrogen

is produced from fossil fuels. Most
hydrogen around the world is currently
created this way; 76% of dedicated
hydrogen production uses natural gas
(grey hydrogen) and 23% comes from
coal (black hydrogen from hard coal,
brown hydrogen from lignite).*

Blue hydrogen is produced from fossil
fuels but in conjunction with carbon
capture and storage, meaning that with
current technology, up to around 90% of
the carbon pollution from production can
be captured and sequestered.'? Once
accounting for upstream emissions from
the production of natural gas, emissions
from blue hydrogen could be around 20%
of those from grey hydrogen under
optimistic assumptions.*® Technologies
like the one being developed by Proton,
which uses hydrocarbons as an in situ
feedstock but leaves the carbon behind,
do not currently have an established
colour designation.

Green hydrogen is produced from
renewable electricity such as wind,
solar, or hydro using a process called
electrolysis. As long as the electricity is
generated using non-emitting sources,
the emissions intensity of hydrogen from
electrolysis is zero.




A TALE OF TWO
PATHWAYS

Between 2000 and 2018, roughly 230
green and blue hydrogen projects went into
operation globally, though the capacity of blue
hydrogen projects currently dwarfs the former.
This trajectory is likely to change.

According to analysts at Wood Mackenzie, the
cost of green hydrogen will drop by up to 64%
until 2040, while the cost of blue hydrogen will
see a rise of 59% over the same period, mostly
due to natural gas prices.’® A 2019 study in
Nature Energy concluded that if market trends
continue, green hydrogen could be cost-
competitive within a decade.*®* Some analysts
are even more bullish, with Morgan Stanley
projecting that cheap wind power in some states
could enable green hydrogen to compete on
cost with grey hydrogen as soon as 2023.%

The capacity of new

The cost of producing is
projected to be on par with blue by 2030
and cheaper thereafter

Forecast global range of levelized cost of hydrogen
production from large projects
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“It is increasingly clear that the
goals of the Paris Agreement
cannot be met without a
substantial scale-up of clean
gas technologies—such as
hydrogen.”

—Jon Moore,

BloombergNEF CEOQ*

Hydrogen’s role in a net-zero Canada

As Canada has pledged to reach net-zero emissions by
2050—doing its part to restrict climate change to 2°C or
even 1.5°C—we must not only find short-term carbon
pollution reductions but put our economy on a long-
term trajectory to net zero. In short, some reductions are
harder than others, and in these areas hydrogen could

Replacing fossil fuels with new hydrogen-
based applications, particularly in sectors that
are the most difficult to decarbonize and where
alternatives are limited (the aforementioned
« . » . .

toughest third” of emissions).

Decarbonizing natural gas utilities, which

are increasingly setting targets or facing

regulations requiring they blend in increasing

amounts of renewable gases, including

biomethane and hydrogen.” Up to 15% of the
blend can be hydrogen with little modification to existing
pipeline systems and appliances.**
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play a critical role. In fact, BloombergNEF estimates
that hydrogen could abate up to 37% of the world’s
energy-related emissions with strong policy
support.? (In Canada, 82% of emissions came from
energy in 2018.2) Broadly speaking, hydrogen can help

decarbonize our economy by:

Reducing the emissions intensity of grey
hydrogen production by making it blue or
replacing it with green. Current emissions from
global industrial hydrogen production (used in
refineries and the fertilizer industry) amount to 830
million tonnes of CO, per year.” For comparison, Canada’s
entire economy emits just over 700 million tonnes annually.*

Using hydrogen to store energy. As we

decarbonize our energy systems using variable

sources of electricity (the wind doesn't always blow

and the sun doesn’t always shine), there is a growing

need to store this clean energy for use during all
hours of the day—something hydrogen can be used for.



TOEI BUS

Non-Step Bus

TTAFIINE

OPPORTUNITIES FOR
DEEP DECARBONIZATION

¢ Industrial heat

When it comes to producing steel and cement, high temperatures of up to around 1,500°C are often needed
to get the job done. Creating temperatures that hot usually requires burning something: generally coal or
natural gas. The answer? Successful demonstrations have shown hydrogen can stand in for fossil fuels.?®
Steelmakers in Sweden and Germany are already making plans to transition their furnaces,? while hydrogen
could be paired with other combustibles to fire cement kilns.*® There is also an opportunity to clean up the
emissions intensity of existing hydrogen use in refineries and the fertilizer industry, which both currently
draw on grey hydrogen as a feedstock. In Canada, energy-related carbon pollution from refining,
chemicals, steel, and cement accounts for roughly 6% of all emissions.>

Residential and
commercial heat

Wohen it comes to heating homes and businesses, the case for hydrogen is a little less clear, given clean
electricity is already commonplace. Where clean electricity is not a viable option, hydrogen can be
blended into existing natural gas heating networks (at safe levels of up to 15% by volume in some cases)
to reduce the carbon intensity of this heat supply.*? Calgary-based gas and electricity company ATCO
is behind a $5.7-million pilot project in Fort Saskatchewan, Alberta, that will see hydrogen blended
with natural gas for home heating starting next year,* while in British Columbia, utility FortisBC is
looking to blend hydrogen into its natural gas grid and has partnered on a proposed $200-million-plus
green hydrogen plant in northern B.C.**'The U.K. and Italy have already begun hydrogen blending tests,
while in the Netherlands a plan is underway to trial heating homes with 100% hydrogen.* In Canada,
energy-related carbon pollution from buildings accounts for roughly 11% of all emissions.3¢
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Comparing the carbon intensity of hydrogen

Heavy-duty production in Canada
transport and rail

¢ 12
Longer driving distances 15 —~, 10
. . N
require larger batteries, but E T
this comes at the expense =2% 3
. L~
c
of. payload capacity. C.ol(.i g o 5
climates can further limit the = 8
range of electric buses given S wp
. . O x 4
space heating requirements o=
for passengers. Hydrogen S 2
may therefore represent an
advantage for some heavy-duty 0

vehicles. BloombergNEF and Grey Blue Green
others estimate that long-haul,
heavy-payload trucks could be
more cost-effective running
on hydrogen than diesel by
2031.% Early examples include
two fuel-cell hybrid trucks
that are currently being tested between Edmonton and Calgary,® and up to 400 diesel-powered mining
haulers that Anglo is converting to hydrogen at a South African mine.* Rail is another area of potential,
particularly where electrification is not possible. The world’s first hydrogen-powered train in Germany and
Ontario’s hydrogen feasibility study for its GO Transit network show promise—while creating business for
Canada-based companies like Ballard and Hydrogenics.* Nationally, energy-related carbon pollution
from heavy-duty transport and rail accounts for roughly 10% of all emissions.*

Method of hydrogen production

Source: Pembina Institute, 20202°

4 Marine and aviation

Liquid hydrogen could power roughly 99% of container vessels that cross the Pacific Ocean, according

to a study from the International Council on Clean Transportation,* though that dream is still some

way off. Demonstration vessels are in the works in France and Norway: a push-boat and a high-speed
terry, both of which will run on hydrogen starting in 2022.* In April 2019, Ballard announced a Marine
Center of Excellence in Denmark to explore how fuel-cell technology could be used in boats.* And
farther down (and higher up on) the horizon is the prospect of hydrogen-powered aircraft. While
commercial planes aren’t for sale yet, California/U.K.-based startup ZeroAvia carried out the world’s
first test flight of a commercial-grade aircraft powered by hydrogen in September and is looking
to put a 20-seater into the air by 2023.% It’s not without competition: another startup in California aims
to bring hydrogen technology to regional airliners as soon as 2024, and European manufacturer Airbus

has revealed concepts for three hydrogen-powered planes that could be flying by 2035.%

&Y Synthetic fuels

While still early days for this application, hydrogen can be combined with carbon to create synthetic fuels.
'The process itself isn’t new. It’s one that’s been used by nations in the past that have found themselves short
on oil. B.C.-based Carbon Engineering—a carbon removal technology company—has plans to
combine the carbon dioxide it captures with clean hydrogen to make synthetic fuels. Because the
tuel is made with carbon captured from the atmosphere, its subsequent use is essentially carbon-neutral.*’
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The global hydrogen landscape

A number of governments around the world have
adopted hydrogen strategies and put forward
significant funding for the technology.

The EU’s and several of its member states—especially

Germany’s—plans to push the use of hydrogen will likely trigger

a competitive race with China, according to BloombergNEF’s
global head of industry and building decarbonization.

Who has a hydrogen plan?

Jurisdiction

These recent commitments “completely change the

outlook” for hydrogen as competition could help drive down
costs and scale up production, he says. “That really sends

a strong signal to everybody else—to China, to Japan, to
South Korea, perhaps to parts of the United States—to say:
‘Ok, we can’t be left behind here.””*® With our geographical
advantages, Canada could easily add itself to that list.

Has a plan Funds committed*

European Union

Backed by COVID-19 stimulus package that earmarked at least €547.2 billion
($830.3 billion) for climate action

South Korea

Included in clean stimulus plan worth ¥¢114-trillion ($128.6-billion)

€9 billion ($13.7 billion)

Germany
France €7.2 billion ($10.9 billion)
Portugal €7 billion ($10.6 billion)

United Kingdom

A A AR 4;.\\\
M1 N4 w ot

Highlighted in £350-million ($602.2-million) clean stimulus package and
Scotland’s £62-million ($106.7-million) energy recovery fund

A1 Norway Included in clean stimulus plan worth 3.6 billion kroner ($510.5 million)
uw

Austrailia A$300 million ($273.2 million)

Denmark €100 million ($151.7 million)

Netherlands

€35 million ($53.1 million)

IANERANANERANINANINI

Spain

€25 million ($37.9 million)

Lithuania €22 million ($33.4 million)

lO0OH®

New Zealand /

NZ$20 million ($17.2 million)

Canada DRAFT

A
¢
-wr

*Italics indicates that funds are part of a COVID-19 stimulus and recovery package that also covers other funding areas.
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Canada

As of 2017, hydrogen technology and services companies in Canada had revenues of at least $207 million and employed
over 1,600 people in the country.®’ It’s on this technology side of hydrogen, particularly in fuel cells, where
Canada has been a global leader and exporter. These companies are explored in the next section. On the production
side, for which public revenue and job numbers are not available, Canada is a major producer of grey hydrogen, but clean
hydrogen remains a largely unrealized opportunity.

There are early indicators this is changing. The governments of Canada, B.C., and Alberta are currently working on
hydrogen strategies,” while Quebec has shown interest in hydrogen.’! Last year, Natural Resources Canada released a report
on hydrogen pathways,> while a new Alberta task force with stakeholders across industry and government is developing
“a framework to implement a hydrogen economy in the region.” The province of B.C. similarly sponsored a provincial
hydrogen study in 2019,>* while the Ontario government has seriously explored using hydrogen fuel-cell-powered trains on
its GO Transit network.® But other nations have already put forward their hydrogen plans and the investment dollars to
realize them. If Canada is to seize the hydrogen opportunity, now is the time to capitalize on our potential.

European Union

As of 2020, it’s clear which continent is most seriously positioning
itself to win a competitive hydrogen race. Unveiled in July, the EU’s
hydrogen strategy prioritizes green hydrogen while allowing blue
hydrogen in a transition phase. The EU envisions installing at least
six gigawatts of green hydrogen by 2024 and at least 40 gigawatts by
2030. This would be followed by the large-scale deployment of new
hydrogen technology out to 2050.°” The strategy is backed by the
EU's COVID-19 stimulus package, which earmarked at least
30% of its €1.8-trillion ($2.7-trillion) total for climate action
over the next seven years.®

12 CLEAN ENERGY CANADA



Germany

Not unlike its contribution to wind power in the ’90s and 2000s,
Germany’s early leadership in the hydrogen market could create

a snowball effect around the world. With a national €9-billion
($13.7-billion) hydrogen strategy—a significant slice of its
€1.30-billion ($197.2-billion) COVID-19 stimulus package—
Germany aims to create a market for competitively priced
clean hydrogen.>® The country is also an eager adopter of hydrogen
technology. Canadian-made fuel cells from Hydrogenics can be found
in the world’s first hydrogen-powered trains in Germany,® while
last year steel manufacturer Thyssenkrupp successfully ran a furnace
entirely on hydrogen, also a world first.*!

United Kingdom

Hydrogen was highlighted in the U.K.’s £350-million ($602.2-million)
clean stimulus package and in Scotland’s £62-million ($106.7-million)
energy recovery fund, both unveiled over the summer.®* National Grid,
one of the world’s largest investor-owned utility companies,
has said hydrogen will be “necessary” for the U.K. to meet its
net-zero emissions goal.®® Earlier this year, green hydrogen was also
injected into a U.K. gas network—one way that natural gas heating
can be made cleaner—while Norwegian oil and gas giant Equinor has

plans to build a blue hydrogen facility in the country.®*

Scandinavia

Climate hawks won't be surprised that Europe’s northernmost
countries are also leading the charge on hydrogen. Denmark is
spending €100 million ($151.7 million) on roughly 100-megawatts
of green hydrogen capacity,® while in the private sector, oil-and-gas-
turned-renewable-energy company (and stock market star) Orsted is
teaming up with Copenhagen Airport and others on a green hydrogen
tuel facility.® In Sweden, two steel companies are transitioning their
turnaces to eventually run on hydrogen.®” And Norway, like many
other European countries, highlights hydrogen in a 3.6-billion-kroner
($510.5-million) clean stimulus package, while state-owned Equinor
aims to be a player in hydrogen at home and abroad.®® Norway
unveiled its clean hydrogen strategy in June.®
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Elsewhere in Europe

Europe’s largest utility, Italy’s Enel, is launching a green hydrogen
business next year, eyeing markets in the U.S., Spain, and Chile.”
And speaking of Spain, the country’s auto sector bailout came with
green strings attached, with €25 million ($37.9 million) earmarked
for research into hydrogen’s use in transit and commercial vehicles.”
Next door, Portugal has its own €7-billion ($10.6-billion) nation-
al hydrogen strategy and plans for a solar-powered hydrogen plant
that could be up and running as soon as 2023.7”? France announced
€2 billion ($3 billion) over two years for green hydrogen as part of a
stimulus package, with a further €5.2 billion ($7.9 billion) to be in-
vested by 2030.7” Two French companies want to build massive solar
tarms whose excess energy would be used to produce hydrogen, while
researchers in Austria are exploring ways to integrate hydrogen into
existing natural gas infrastructure.” And in the Netherlands, whose
hydrogen strategy was unveiled in March, Shell and Dutch gas
company Gasunie are teaming up to build a massive hydrogen plant
in the country’s north.” Even the small Baltic nation of Lithuania is
investing stimulus dollars in hydrogen.”

Asia

China, Japan, and South Korea all have ambitious hydrogen targets
and are looking to meet demand through imports (an opportunity for
Canada explored in the next section).”” China is already a major buyer
of B.C.-based Ballard’s fuel-cell technology, which currently powers
more than 650 electric buses and 2,200 electric trucks in the country.”
In South Korea, there is also a large focus on transportation. The
country’s #114-trillion ($128.6-billion) clean stimulus plan includes
support for hydrogen vehicles. Hyundai, meanwhile, aims to export
1,600 hydrogen-powered trucks to Europe by 2025, while Seoul will
convert 4,000 buses to electric or hydrogen power by 2025.7

Other countries

In the U.S., California is out in front (as usual in matters of climate action). Los Angeles plans to be the first American
city to use green hydrogen for electricity, eventually phasing out natural gas entirely,® while two companies are planning to
build facilities in California that would turn waste into hydrogen.®! Saudi Arabia, no stranger to big projects, has plans to
host the “world's largest” green hydrogen plant,® while mining company Anglo is looking to convert 400 diesel-powered
haulers to hydrogen at an open-pit mine in South Africa.®® But the place to watch may be Australia, with an economy
similar to Canada’s. The land down under has had a national hydrogen strategy since November of last year,** with up to
A$300 million ($273.2 million) set aside for its Advancing Hydrogen Fund. The fund identifies green hydrogen projects

as an early priority and will consider further investments that advance hydrogen production, export and domestic supply
chains, regional hubs, and projects that build local hydrogen demand. Australia has also proposed A$18 billion ($16.4
billion) over the next decade for hydrogen and four other low-emission technologies as part of a technology investment
roadmap.® Last but not least, in September 2019, New Zealand laid out its vision to harness the hydrogen opportunity
with a focus on green hydrogen.® The country is planning a nationwide network of hydrogen stations to supply zero-emis-
sion fuel to trucks, buses, and commercial fleets from 2021 and aims to bring in 1,500 hydrogen-powered trucks by 2026.%
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Size of the prize

It’s clear hydrogen is taking off. As for how high it could
soar this time, BloombergNEF estimates that clean
hydrogen could meet up to nearly a quarter of

the world’s energy demand by 2050 (using roughly
700-million tonnes of hydrogen), with annual sales of
US$700 billion and billions more spent on equipment.®
Deloitte, meanwhile, projects that global demand for
hydrogen could reach up to a more modest but still
significant 300-million tonnes by 2050, up from 70
million today.*” While projections vary significantly—as
the level of future hydrogen uptake depends on public

Canada faces a significant,
long-term opportunity to
supply a sizable share of
these lucrative markets. But
only if we keep up with the
competition.

policy and the development of various technologies—all
estimates see some level of growth.

By investing in domestic clean hydrogen production
and innovation, Canada’s federal government could
bolster national prospects of exporting made-in-
Canada hydrogen and the technology that utilizes
it. With hydrogen set to become increasingly important
in decarbonizing global energy systems and improving air
quality, Canada faces a significant, long-term opportunity
to supply a sizable share of these lucrative markets. But
only if we keep up with the competition.
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The opportunity for hydrogen tech companies

BALLARD

Ballard Power in Burnaby, B.C., is a developer

and manufacturer of fuel-cell products with US$106.3
million ($141 million) in revenue last year and around 700
employees as of 2020. It is Canada’s largest hydrogen
technology company. Ballard’s fuel cells currently power
more than 650 electric buses and 2,200 electric trucks in
China, and the contracts keep coming.”* Last year, China-
based Weichai Power, a major diesel-engine maker, bought a
20% stake in Ballard for US$163 million ($216.3 million).*?

HYDROGE)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

Hydrogenics in Mississauga, Ontario, is a developer and
manufacturer of hydrogen generation and fuel-cell products
with US$34 million ($44 million) in revenue in 2018 and
around 160 employees as of 2017. The company’s fuel cells
were used in the world’s first hydrogen-powered trains in
Germany. Hydrogenics was acquired by major U.S. diesel

engine manufacturer Cummins last fall.”
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PROTON

( /
TECHNOLOGIES
Proton Technologies in Calgary is developing a low-
cost method for producing hydrogen that involves the
underground combustion of remnant oil in abandoned
reservoirs, keeping the emissions released during this
process below the surface.” Proton is currently piloting its
technology in Saskatchewan.”

QEKONA

Ekona Power in Vancouver is developing a novel method
of producing hydrogen from natural gas that reduces
emissions by up to 90% compared to conventional natural-
gas-based hydrogen production—it even generates some
electricity at the same time.*



The opportunity for oil and gas companies

Shell has been capturing CO, from

natural-gas-based hydrogen production

at its Quest carbon capture and storage

facility near Edmonton, an example of a
blue hydrogen project in Canada. According to Shell, the
project has captured some four million tonnes of CO, since
launching in 2015.”” In Germany, Shell and I'TM Power
(whose share price increased 290% in the first five months of
20207%) are building the world’s largest hydrogen electrolysis
plant at a refinery. The hydrogen will be sold to the refinery
for use in processing and upgrading its products.”

” ENBRIDGE

Calgary’s Enbridge Gas is working with Mississauga’s
Hydrogenics on a power-to-gas project in Markham,
Ontario, using surplus renewable electricity to produce
hydrogen for storage and, possibly at a later stage, blending
into the province’s natural gas distribution grid.'®

ATCO

Calgary-based gas and electricity company ATCO is behind
a $5.7-million pilot project in Fort Saskatchewan, Alberta,
that will see hydrogen blended with natural gas for home
heating starting next year. It will be Canada’s largest
hydrogen-blending project to date.'*!

AZETEC

ALBERTA ZERO-EMISSION TRUCK ELECTRIFICATION COLLABORATION

Launched in 2019, a three-year, $15-million project—
the Alberta Zero-Emissions Truck Electrification
Collaboration—will test run two fuel-cell electric
hybrid trucks between Edmonton and Calgary, fuelled by
hydrogen produced in Alberta.’®?

ANEW HOPE 17



The production opportunity

China, Japan, and South Korea all have ambitious hydrogen
targets and are looking to help meet domestic demand
through imports. Canada is strategically located with
potential access to these and other key markets. What’s
more, the International Energy Agency has identified
establishing the first shipping routes to kickstart global
hydrogen trade as a near-term opportunity, leveraging
lessons learned from the growth of the LNG market.'®
Real-world examples of hydrogen trade are beginning
to emerge, in fact. As a densely populated, mountainous
country, Japan’s ability to produce clean energy is limited,
and thus the Asian nation is and will continue to be a
major energy importer. In January, an agreement was
signed for Australia to supply hydrogen to Japan.'™
'The world’s first liquefied hydrogen carrier will begin
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transporting hydrogen from Australia in late 2020, if
COVID-19 does not delay that timeline.’® And just

this September, Saudi Arabia shipped ammonia, a
compound of hydrogen and nitrogen, made from blue
hydrogen to Japan for emissions-free power generation.’®
According to the International Energy Agency, despite
transportation and conversion costs, importing hydrogen
from Australia could soon be cheaper for Japan than it
would be for the country to create its own.'”’

Harvard researchers recently listed Canada
among a small group of countries with the highest
potential for exporting clean hydrogen, thanks to
a clean power system (82% of Canada’s electricity grid
is already non-emitting) and plenty of access to water
(required for electrolysis).'%



ogen

Capitalizing on the
world’s cleanest
hydrogen

Canada has an opportunity to lead in and benefit from the
global push toward clean hydrogen. So, how do we seize it?

First and foremost, Canada’s hydrogen strategy needs
to focus on both supply and demand. Production must
ramp up quickly, and it needs to be clean with a timeline
and a regulatory framework to make it cleaner over time.
'This means not only supporting blue hydrogen production
but the development of green hydrogen production and
innovative technologies such as the one Proton is piloting in
Saskatchewan, which bears no colour but supports the drive to
cleaner hydrogen just the same. Investment in clean hydrogen
supply will only happen if there is clear and growing demand
alongside infrastructure that links production with end use.

Second, Canada’s hydrogen strategy needs to be
adequately funded, with dedicated investment tied to
implementing it. The Task Force for a Resilient Recovery
recommends an allocation of $1 billion to support Canadian
leadership in clean hydrogen.'””

‘Third, we must leverage regional strengths. Canada
is a vast country with diverse opportunities for both
hydrogen production and use. An effective hydrogen strategy
for Canada must complement provincial efforts and seek to
develop “regional nodes” that leverage local expertise and
partnerships where hydrogen use is most optimal."** This will
require regional collaboration among hydrogen suppliers and
end users from different sectors (such as transport, gas utilities,
and industry).

Finally, the drive toward clean hydrogen requires the
development and deployment of clean technologies.
Whether it’s in fuel cells to power trucks and trains, or in
storage technologies to help reduce emissions in hydrogen
production, policies and programs that spur cleantech
innovation will benefit Canada’s hydrogen sector.

ANEW HOPE 19



Endnotes

1. Orland, K. (2020, August 13). Home of the oil sands eyes cleaner future
as hydrogen superpower. Bloomberg. https://www.bloomberg.com/news/
articles/2020-08-13/home-of-the-oil-sands-eyes-cleaner-future-as-hydrogen-
superpower?sref=52ZW0O6YM

2. Pflugmann, F., & De Blasio, N. (2020). The geopolitics of renewable
hydrogen in low-carbon energy markets. Geopolitics, History, and International
Relations, 12(1), 9-44. https://doi.org/10.22381/GHIR12120201

3. Eurasia Group. (2020, June 22). World in a Week: 22 June 2020. https://
www.eurasiagroup.net/live-post/world-in-a-week-22-june-2020

4. Van Hulst, N. (2019, April 23). The clean hydrogen future has already
begun. International Energy Agency. https://www.iea.org/commentaries/the-
clean-hydrogen-future-has-already-begun

5. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

6. Thomas, K. (2020, May 1). Why the Ballard Power (TSX:BLDP) stock price
rose 32.6% in April. The Motley Fool. https://www.fool.ca/2020/05/01/why-
the-ballard-power-tsxbldp-stock-price-rose-32-6-in-april/

7. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

8. International Renewable Energy Agency. (2019, September). Hydrogen: A
renewable energy perspective. https://www.irena.org/-/media/Files/IRENA/
Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf; BloombergNEF.
(2020, March 30). Hydrogen economy outlook: key messages. https://data.
bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-
Key-Messages-30-Mar-2020.pdf; Parnell, J. (2020, August 25). WoodMac:
2020s will be the ‘decade of hydrogen’. Greentech Media. https://www.
greentechmedia.com/articles/read/woodmac-2020s-to-be-the-decade-of-
hydrogen; Lee, A. (2020, July 27). Green hydrogen could match grey by 2023
thanks to $5/MWh wind power: Morgan Stanley. Recharge. https://www.
rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-
thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266

9. Hydrogen Council. (2019). Frequently asked questions. https://
hydrogencouncil.com/en/faq/

10. BloombergNEF. (2020, March 30). ‘Hydrogen economy’ offers promising
path to decarbonization. https://about.bnef.com/blog/hydrogen-economy-
offers-promising-path-to-decarbonization/

11. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

12. International Energy Agency. (2020, June). CCUS in power. https://www.
iea.org/reports/ccus-in-power

13. Ewing, M., Israel, B., Jutt. T., Talebian, H., & Stepanik, L. (2020, July).
Hydrogen on the path to net-zero emissions: Costs and climate benefits.
Pembina Institute. https://www.pembina.org/reports/hydrogen-climate-
primer-2020.pdf

14. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

15. Wood Mackenzie. (2020, August 25). Green hydrogen costs to fall by up
to 64% by 2040 [Press release]. https://www.woodmac.com/press-releases/
green-hydrogen-costs-to-fall-by-up-to-64-by-2040/

16. Glenk, G., & Reichelstein, S. (2019). Economics of converting renewable

power to hydrogen. Nature Energy, 4, 216-222. https://doi.org/10.1038/
s41560-019-0326-1

20 CLEAN ENERGY CANADA

17. Lee, A. (2020, July 27). Green hydrogen could match grey by 2023
thanks to $5/MWh wind power: Morgan Stanley. Recharge. https://www.
rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-
thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266

18. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

19. BloombergNEF. (2020, March 30). Hydrogen economy outlook: key
messages. https://data.bloomberglp.com/professional/sites/24/BNEF-
Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf

20. Ewing, M., Israel, B., Jutt. T., Talebian, H., & Stepanik, L. (2020, July).
Hydrogen on the path to net-zero emissions: Costs and climate benefits.
Pembina Institute. https://www.pembina.org/reports/hydrogen-climate-
primer-2020.pdf

21. BloombergNEF, International Gas Union, & Snam. (2020). Global gas
report 2020. https://data.bloomberglp.com/professional/sites/24/BNEF-IGU-
Snam-2020-Global-Gas-Report_FINAL.pdf

22. Environment and Climate Change Canada. (2020). National inventory
report 1990-2018: Greenhouse gas sources and sinks in Canada.
Government of Canada. http://publications.gc.ca/pub?id=9.506002&sl=0

23. For example, FortisBC has set a target to reduce its customers’
greenhouse gas emissions by 30% by 2030, in part by supporting the growth
of renewable gas, including hydrogen. Additionally, the federal Clean Fuel
Standard will require that the greenhouse gas intensity of gases decrease
over time, with regulations coming into effect in 2023. FortisBC. (n.d.). Our
30BY30 target. https://www.fortisbc.com/about-us; Environment and Climate
Change Canada. (2019, June). Clean Fuel Standard: Proposed regulatory
approach. Government of Canada. https://www.canada.ca/content/dam/
eccc/documents/pdf/climate-change/pricing-pollution/Clean-fuel-standard-
proposed-regulatory-approach.pdf

24.Yoo, Y., Glass, N., & Baker, R. (2017, July 14). Review of hydrogen
tolerance of key Power-to-Gas (P2G) components and systems in

Canada: Final report. National Research Council of Canada. https://doi.
org/10.4224/23002611; Melaina, M. W., Antonia, O., & Penev, M. (2013,
March). Blending hydrogen into natural gas pipeline networks: A review of key
issues. National Renewable Energy Laboratory. https://www.nrel.gov/docs/
fy13osti/51995.pdf

25. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

26. Environment and Climate Change Canada. (2020). National inventory
report 1990-2018: Greenhouse gas sources and sinks in Canada.
Government of Canada. http://publications.gc.ca/pub?id=9.506002&sl|=0

27. Sampson, J. (2020, Aug 7). Germany could produce cost-competitive
hydrogen at $1/kg in 2050, says report. Hydrogen View. https://www.h2-view.
com/story/germany-could-produce-cost-competitive-hydrogen-at-1-kg-in-2050-
says-report/

28. Wilkes, W., Dezem, V., & Shiryaevskaya, A. (2019, November 22). How ‘green
hydrogen’ could make ‘green steel’ real. Bloomberg. https://www.bloomberg.
com/news/articles/2019-11-23/how-green-hydrogen-could-make-green-steel-
real-quicktake?sref=52ZW06YM; Hoffmann, C., Van Hoey, M., & Zeumer, B.
(2020, June 3). Decarbonization challenge for steel. McKinsey & Company.
https://www.mckinsey.com/industries/metals-and-mining/our-insights/
decarbonization-challenge-for-steel; Bouw, B. (2019, June 13).Greening the
concrete jungle: Are low-carbon aluminum, cement and steel pipe dreams or the
blueprint for a brighter future? Corporate Knights. https://www.corporateknights.
com/channels/built-environment/greening-concrete-jungle-15604200/


https://www.bloomberg.com/news/articles/2020-08-13/home-of-the-oil-sands-eyes-cleaner-future-as-hydrogen-superpower?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-08-13/home-of-the-oil-sands-eyes-cleaner-future-as-hydrogen-superpower?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-08-13/home-of-the-oil-sands-eyes-cleaner-future-as-hydrogen-superpower?sref=52ZWO6YM
https://doi.org/10.22381/GHIR12120201 
https://www.eurasiagroup.net/live-post/world-in-a-week-22-june-2020 
https://www.eurasiagroup.net/live-post/world-in-a-week-22-june-2020 
https://www.iea.org/commentaries/the-clean-hydrogen-future-has-already-begun
https://www.iea.org/commentaries/the-clean-hydrogen-future-has-already-begun
https://www.iea.org/reports/the-future-of-hydrogen
https://www.fool.ca/2020/05/01/why-the-ballard-power-tsxbldp-stock-price-rose-32-6-in-april/
https://www.fool.ca/2020/05/01/why-the-ballard-power-tsxbldp-stock-price-rose-32-6-in-april/
https://www.iea.org/reports/the-future-of-hydrogen
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://www.greentechmedia.com/articles/read/woodmac-2020s-to-be-the-decade-of-hydrogen
https://www.greentechmedia.com/articles/read/woodmac-2020s-to-be-the-decade-of-hydrogen
https://www.greentechmedia.com/articles/read/woodmac-2020s-to-be-the-decade-of-hydrogen
https://www.rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266
https://www.rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266
https://www.rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266
https://hydrogencouncil.com/en/faq/
https://hydrogencouncil.com/en/faq/
https://about.bnef.com/blog/hydrogen-economy-offers-promising-path-to-decarbonization/
https://about.bnef.com/blog/hydrogen-economy-offers-promising-path-to-decarbonization/
https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/ccus-in-power
https://www.iea.org/reports/ccus-in-power
https://www.pembina.org/reports/hydrogen-climate-primer-2020.pdf
https://www.pembina.org/reports/hydrogen-climate-primer-2020.pdf
https://www.iea.org/reports/the-future-of-hydrogen
https://www.woodmac.com/press-releases/green-hydrogen-costs-to-fall-by-up-to-64-by-2040/
https://www.woodmac.com/press-releases/green-hydrogen-costs-to-fall-by-up-to-64-by-2040/
https://doi.org/10.1038/s41560-019-0326-1
https://doi.org/10.1038/s41560-019-0326-1
https://www.rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266
https://www.rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266
https://www.rechargenews.com/transition/green-hydrogen-could-match-grey-by-2023-thanks-to-5-mwh-wind-power-morgan-stanley/2-1-848266
https://www.iea.org/reports/the-future-of-hydrogen
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://www.pembina.org/reports/hydrogen-climate-primer-2020.pdf
https://www.pembina.org/reports/hydrogen-climate-primer-2020.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-IGU-Snam-2020-Global-Gas-Report_FINAL.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-IGU-Snam-2020-Global-Gas-Report_FINAL.pdf
http://publications.gc.ca/pub?id=9.506002&sl=0
https://www.fortisbc.com/about-us
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/pricing-pollution/Clean-fuel-standard-proposed-regulatory-approach.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/pricing-pollution/Clean-fuel-standard-proposed-regulatory-approach.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/pricing-pollution/Clean-fuel-standard-proposed-regulatory-approach.pdf
https://doi.org/10.4224/23002611
https://doi.org/10.4224/23002611
https://www.nrel.gov/docs/fy13osti/51995.pdf
https://www.nrel.gov/docs/fy13osti/51995.pdf
https://www.iea.org/reports/the-future-of-hydrogen
http://publications.gc.ca/pub?id=9.506002&sl=0
https://www.h2-view.com/story/germany-could-produce-cost-competitive-hydrogen-at-1-kg-in-2050-says-report/
https://www.h2-view.com/story/germany-could-produce-cost-competitive-hydrogen-at-1-kg-in-2050-says-report/
https://www.h2-view.com/story/germany-could-produce-cost-competitive-hydrogen-at-1-kg-in-2050-says-report/
https://www.bloomberg.com/news/articles/2019-11-23/how-green-hydrogen-could-make-green-steel-real-quicktake?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-11-23/how-green-hydrogen-could-make-green-steel-real-quicktake?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-11-23/how-green-hydrogen-could-make-green-steel-real-quicktake?sref=52ZWO6YM
https://www.mckinsey.com/industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel
https://www.mckinsey.com/industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel
https://www.corporateknights.com/channels/built-environment/greening-concrete-jungle-15604200/
https://www.corporateknights.com/channels/built-environment/greening-concrete-jungle-15604200/

29. Mazengarb, M. (2020, January 30). Nordic steel giant to use renewable
hydrogen to produce fossil-free steel by 2026. RenewEconomy. https://
reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-
produce-fossil-free-steel-by-2026-2026/; Mazengarb, M. (2019, November
13). Another nail in coal’s coffin? German steel furnace runs on renewable
hydrogen in world first. RenewEconomy. https://reneweconomy.com.au/
another-nail-in-coals-coffin-german-steel-furnace-runs-on-renewable-hydrogen-
in-world-first-55906/

30. Perilli, D. (2020, July 8). Green hydrogen for grey cement. Global Cement.
https://www.globalcement.com/news/item/11061-green-hydrogen-for-grey-
cement

31. Environment and Climate Change Canada. (2020). National inventory
report 1990-2018: Greenhouse gas sources and sinks in Canada.
Government of Canada. http://publications.gc.ca/pub?id=9.506002&sl|=0

32. Yoo, Y., Glass, N., & Baker, R. (2017, July 14). Review of hydrogen
tolerance of key Power-to-Gas (P2G) components and systems in

Canada: Final report. National Research Council of Canada. https://doi.
org/10.4224/23002611; Melaina, M. W., Antonia, O., & Penev, M. (2013,
March). Blending hydrogen into natural gas pipeline networks: A review of key
issues. National Renewable Energy Laboratory. https://www.nrel.gov/docs/
fy13osti/51995.pdf

33. Seskus, T. (2020, July 21). Hydrogen-injected natural gas to heat homes in
Alberta city next year. CBC News. https://www.cbc.ca/news/canada/calgary/
alberta-hydrogen-home-heating-1.5657736

34. Bennett, N. (2020, January 17). Green hydrogen plant project has
investor. Business in Vancouver. https://biv.com/article/2020/01/green-
hydrogen-plant-project-has-investor

35. Parnell, J. (2019, November 21). Europe’s biggest gas grid ramps up
hydrogen efforts. Greentech Media. https://www.greentechmedia.com/
articles/read/europes-biggest-gas-grid-ramps-up-hydrogen-efforts; Knijp, J.
(n.d.). Heating Dutch homes with hydrogen. DNV GL. https://www.dnvgl.com/
oilgas/perspectives/heating-dutch-homes-with-hydrogen.htmi

36. Environment and Climate Change Canada. (2020). National inventory
report 1990-2018: Greenhouse gas sources and sinks in Canada.
Government of Canada. http://publications.gc.ca/pub?id=9.506002&sl=0

37. BloombergNEF, International Gas Union, & Snam. (2020). Global gas
report 2020. https://data.bloomberglp.com/professional/sites/24/BNEF-IGU-
Snam-2020-Global-Gas-Report_FINAL.pdf

38. Lowey, M. (2019, March 12). $15-million project to test hydrogen fuel
in Alberta’s freight transportation sector. CESAR. https://www.cesarnet.ca/
blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-
sector

39. Njini, F. (2020, June 30). Hydrogen to fuel giant mining trucks in
green shift by Anglo. Bloomberg,. https://www.bloomberg.com/news/
articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-
green-shift?sref=52ZWO06YM

40. Cummins. (2020, February 28). Power to passenger trains: How hydrogen
can revolutionize railway operations in Europe. https://www.cummins.com/
news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-
railway-operations-europe; Metrolinx. (n.d.). Hydrail Projects. http://www.
metrolinx.com/en/greaterregion/projects/hydrail.aspx

41. Environment and Climate Change Canada. (2020). National inventory
report 1990-2018: Greenhouse gas sources and sinks in Canada.
Government of Canada. http://publications.gc.ca/pub?id=9.506002&sl=0

42. Mao, X., Rutherford, D., Osipova, L., & Comer, B. (2020, March). Refueling
assessment of a zero-emission container corridor between China and the
United States: Could hydrogen replace fossil fuels? International Council on
Clean Transportation. https://theicct.org/sites/default/files/publications/
Zero-emission-container-corridor-hydrogen-3.5.2020.pdf

43. Pickstone, S. (2020, July 30). Fuel of the future? 8 clean hydrogen
projects you need to know about. ENDS Europe. https://www.endseurope.
com/article/1690779/fuel-future-8-clean-hydrogen-projects-need-know

44, Ballard Power Systems. (2019, April 3). Ballard to establish fuel cell center
of excellence in Europe to serve marine market with zero-emission solutions
[Press release]. https://www.ballard.com/about-ballard/newsroom/news-
releases/2019/04/04/ballard-to-establish-fuel-cell-center-of-excellence-in-
europe-to-serve-marine-market-with-zero-emission-solutions

45. Tovey, A. (2020, September 24). First hydrogen-powered plane takes flight.
The Telegraph. https://www.telegraph.co.uk/business/2020/09/24 /first-
hydrogen-powered-plane-takes-flight/

46. Hemmerdinger, J. (2020, August 27). Eremenko launches hydrogen supply
company with plan for hydrogen-fueled Dash 8s. Flight Global. https://www.
flightglobal.com/airframers/eremenko-launches-hydrogen-supply-company-
with-plan-for-hydrogen-fueled-dash-8s/139911.article; Ambrose, J. (2020,
September 21). Airbus reveals plans for zero-emission aircraft fuelled by
hydrogen. The Guardian. https://www.theguardian.com/business/2020/
sep/21/airbus-reveals-plans-zero-emission-aircraft-fuelled-hydrogen

47. Temple, J. (2020, August 7). How falling solar costs have renewed clean
hydrogen hopes. MIT Technology Review. https://www.technologyreview.
com/2020/08/07/1006126/green-hydrogen-affordable-solar-wind-
renewables/

48. Amelang, S. (2020, July 23). EU plans ‘completely change outlook’ for
global hydrogen economy - BloombergNEF. Clean Energy Wire. https://
www.cleanenergywire.org/news/eu-plans-completely-change-outlook-global-
hydrogen-economy-bloombergnef

49. Canadian Hydrogen and Fuel Cell Association. (2018, November).
Canadian hydrogen and fuel cell sector profile. http://www.chfca.ca/wp-
content/uploads/2019/10/CHFC-Sector-Profile-2018-Final-Report.pdf

50. Graney, E., & Cryderman, K. (2020, June 14). Ottawa, Alberta develop new
hydrogen strategies. The Globe and Mail. https://www.theglobeandmail.com/
business/article-ottawa-alberta-target-hydrogen-to-energize-future/

51. Gouvernement du Québec. (2019). Joining forces for a sustainable
energy future: 2018-2023 energy transition, innovation and efficiency master
plan. https://transitionenergetique.gouv.qc.ca/fileadmin/medias/pdf/plan-
directeur/PAP_TEQ_PlanDirecteur_Web_ANG.pdf; Hydro-Québec. (2019).
Strategic plan 2020-2024. https://www.hydroquebec.com/data/documents-
donnees/pdf/strategic-plan.pdf

52. Natural Resources Canada. (2019). 2019 hydrogen pathways: Enabling
a clean growth future for Canadians. Government of Canada. https://
www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/
resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-
canadians/21961

53. The Transition Accelerator. (2020, May 14). New task force to

create framework to advance hydrogen economy in Alberta’s industrial
heartland [Press release]. https://transitionaccelerator.ca/wp-content/
uploads/2020/05/HydrogenTaskForce_MediaRelease_FINAL_CNW.pdf

54. Zen Clean Energy Solutions. (2019). British Columbia hydrogen study.
https://www2.gov.bc.ca/assets/gov/government/ministries-organizations/
zen-bcbn-hydrogen-study-final-ve.pdf

55. Government of Ontario. (2018, February 22). Ontario taking next steps

in testing hydrogen-powered train technology [Press release]. https://news.
ontario.ca/mto/en/2018/02/ontario-taking-next-steps-in-testing-hydrogen-
powered-train-technology.html

56. Natural Resources Canada. (2019). 2019 hydrogen pathways: Enabling
a clean growth future for Canadians. Government of Canada. https://
www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/
resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-
canadians/21961

57. European Commission. (2020, July 8). A hydrogen strategy for a climate-
neutral Europe. https://ec.europa.eu/energy/sites/ener/files/hydrogen_
strategy.pdf; Renewable Energy News. (2020, July 8). EU unveils 40GW green
hydrogen vision. https://www.renews.biz/61529/eu-unveils-40gw-green-
hydrogen-vision/

ANEW HOPE 21


https://reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-produce-fossil-free-steel-by-2026-2026/
https://reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-produce-fossil-free-steel-by-2026-2026/
https://reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-produce-fossil-free-steel-by-2026-2026/
https://reneweconomy.com.au/another-nail-in-coals-coffin-german-steel-furnace-runs-on-renewable-hydrogen-in-world-first-55906/
https://reneweconomy.com.au/another-nail-in-coals-coffin-german-steel-furnace-runs-on-renewable-hydrogen-in-world-first-55906/
https://reneweconomy.com.au/another-nail-in-coals-coffin-german-steel-furnace-runs-on-renewable-hydrogen-in-world-first-55906/
https://www.globalcement.com/news/item/11061-green-hydrogen-for-grey-cement
https://www.globalcement.com/news/item/11061-green-hydrogen-for-grey-cement
http://publications.gc.ca/pub?id=9.506002&sl=0
https://doi.org/10.4224/23002611
https://doi.org/10.4224/23002611
https://www.nrel.gov/docs/fy13osti/51995.pdf
https://www.nrel.gov/docs/fy13osti/51995.pdf
https://www.cbc.ca/news/canada/calgary/alberta-hydrogen-home-heating-1.5657736
https://www.cbc.ca/news/canada/calgary/alberta-hydrogen-home-heating-1.5657736
https://biv.com/article/2020/01/green-hydrogen-plant-project-has-investor
https://biv.com/article/2020/01/green-hydrogen-plant-project-has-investor
https://www.greentechmedia.com/articles/read/europes-biggest-gas-grid-ramps-up-hydrogen-efforts
https://www.greentechmedia.com/articles/read/europes-biggest-gas-grid-ramps-up-hydrogen-efforts
https://www.dnvgl.com/oilgas/perspectives/heating-dutch-homes-with-hydrogen.html
https://www.dnvgl.com/oilgas/perspectives/heating-dutch-homes-with-hydrogen.html
http://publications.gc.ca/pub?id=9.506002&sl=0
https://data.bloomberglp.com/professional/sites/24/BNEF-IGU-Snam-2020-Global-Gas-Report_FINAL.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-IGU-Snam-2020-Global-Gas-Report_FINAL.pdf
https://www.cesarnet.ca/blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-sector
https://www.cesarnet.ca/blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-sector
https://www.cesarnet.ca/blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-sector
https://www.bloomberg.com/news/articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-green-shift?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-green-shift?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-green-shift?sref=52ZWO6YM
https://www.cummins.com/news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-railway-operations-europe
https://www.cummins.com/news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-railway-operations-europe
https://www.cummins.com/news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-railway-operations-europe
http://www.metrolinx.com/en/greaterregion/projects/hydrail.aspx
http://www.metrolinx.com/en/greaterregion/projects/hydrail.aspx
http://publications.gc.ca/pub?id=9.506002&sl=0
https://theicct.org/sites/default/files/publications/Zero-emission-container-corridor-hydrogen-3.5.2020.pdf
https://theicct.org/sites/default/files/publications/Zero-emission-container-corridor-hydrogen-3.5.2020.pdf
https://www.endseurope.com/article/1690779/fuel-future-8-clean-hydrogen-projects-need-know
https://www.endseurope.com/article/1690779/fuel-future-8-clean-hydrogen-projects-need-know
https://www.ballard.com/about-ballard/newsroom/news-releases/2019/04/04/ballard-to-establish-fuel-cell-center-of-excellence-in-europe-to-serve-marine-market-with-zero-emission-solutions
https://www.ballard.com/about-ballard/newsroom/news-releases/2019/04/04/ballard-to-establish-fuel-cell-center-of-excellence-in-europe-to-serve-marine-market-with-zero-emission-solutions
https://www.ballard.com/about-ballard/newsroom/news-releases/2019/04/04/ballard-to-establish-fuel-cell-center-of-excellence-in-europe-to-serve-marine-market-with-zero-emission-solutions
https://www.telegraph.co.uk/business/2020/09/24/first-hydrogen-powered-plane-takes-flight/
https://www.telegraph.co.uk/business/2020/09/24/first-hydrogen-powered-plane-takes-flight/
https://www.flightglobal.com/airframers/eremenko-launches-hydrogen-supply-company-with-plan-for-hydrogen-fueled-dash-8s/139911.article
https://www.flightglobal.com/airframers/eremenko-launches-hydrogen-supply-company-with-plan-for-hydrogen-fueled-dash-8s/139911.article
https://www.flightglobal.com/airframers/eremenko-launches-hydrogen-supply-company-with-plan-for-hydrogen-fueled-dash-8s/139911.article
https://www.theguardian.com/business/2020/sep/21/airbus-reveals-plans-zero-emission-aircraft-fuelled-hydrogen
https://www.theguardian.com/business/2020/sep/21/airbus-reveals-plans-zero-emission-aircraft-fuelled-hydrogen
https://www.technologyreview.com/2020/08/07/1006126/green-hydrogen-affordable-solar-wind-renewables/
https://www.technologyreview.com/2020/08/07/1006126/green-hydrogen-affordable-solar-wind-renewables/
https://www.technologyreview.com/2020/08/07/1006126/green-hydrogen-affordable-solar-wind-renewables/
https://www.cleanenergywire.org/news/eu-plans-completely-change-outlook-global-hydrogen-economy-bloombergnef
https://www.cleanenergywire.org/news/eu-plans-completely-change-outlook-global-hydrogen-economy-bloombergnef
https://www.cleanenergywire.org/news/eu-plans-completely-change-outlook-global-hydrogen-economy-bloombergnef
http://www.chfca.ca/wp-content/uploads/2019/10/CHFC-Sector-Profile-2018-Final-Report.pdf
http://www.chfca.ca/wp-content/uploads/2019/10/CHFC-Sector-Profile-2018-Final-Report.pdf
https://www.theglobeandmail.com/business/article-ottawa-alberta-target-hydrogen-to-energize-future/
https://www.theglobeandmail.com/business/article-ottawa-alberta-target-hydrogen-to-energize-future/
https://transitionenergetique.gouv.qc.ca/fileadmin/medias/pdf/plan-directeur/PAP_TEQ_PlanDirecteur_Web_ANG.pdf
https://transitionenergetique.gouv.qc.ca/fileadmin/medias/pdf/plan-directeur/PAP_TEQ_PlanDirecteur_Web_ANG.pdf
https://www.hydroquebec.com/data/documents-donnees/pdf/strategic-plan.pdf
https://www.hydroquebec.com/data/documents-donnees/pdf/strategic-plan.pdf
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://transitionaccelerator.ca/wp-content/uploads/2020/05/HydrogenTaskForce_MediaRelease_FINAL_CNW.pdf
https://transitionaccelerator.ca/wp-content/uploads/2020/05/HydrogenTaskForce_MediaRelease_FINAL_CNW.pdf
https://www2.gov.bc.ca/assets/gov/government/ministries-organizations/zen-bcbn-hydrogen-study-final-v6.pdf
https://www2.gov.bc.ca/assets/gov/government/ministries-organizations/zen-bcbn-hydrogen-study-final-v6.pdf
https://news.ontario.ca/mto/en/2018/02/ontario-taking-next-steps-in-testing-hydrogen-powered-train-technology.html
https://news.ontario.ca/mto/en/2018/02/ontario-taking-next-steps-in-testing-hydrogen-powered-train-technology.html
https://news.ontario.ca/mto/en/2018/02/ontario-taking-next-steps-in-testing-hydrogen-powered-train-technology.html
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf
https://www.renews.biz/61529/eu-unveils-40gw-green-hydrogen-vision/
https://www.renews.biz/61529/eu-unveils-40gw-green-hydrogen-vision/

58. Krukowska, E., & Millan Lombrana, L. (2020, July 21). EU approves
biggest green stimulus in history with $572 billion plan. Bloomberg. https://
www.bloomberg.com/news/articles/2020-07-21/eu-approves-biggest-green-
stimulus-in-history-with-572-billion-plan?sref=52ZWO06YM

59. Martin, N. (2020, June 10). Germany and hydrogen — €9 billion to spend
as strategy is revealed. Deutsche Welle. https://p.dw.com/p/3dOxW

60. Cummins. (2020, February 28). Power to passenger trains: How hydrogen
can revolutionize railway operations in Europe. https://www.cummins.com/
news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-
railway-operations-europe

61. Mazengarb, M. (2019, November 13). Another nail in coal’s coffin?
German steel furnace runs on renewable hydrogen in world first.
RenewEconomy. https://reneweconomy.com.au/another-nail-in-coals-coffin-
german-steel-furnace-runs-on-renewable-hydrogen-in-world-first-55906/

62. Morales, A. (2020, July 21). Boris Johnson announces $446 million
funding to cut greenhouse gases. Bloomberg. https://www.bloomberg.com/
news/articles/2020-07-21/johnson-announces-446-million-funding-to-
cut-greenhouse-gases?sref=52ZW06YM; Renewable Energy News. (2020,
June 12). Scotland launches £62m energy recovery fund. https://renews.
biz/60951/scotland-launches-62m-energy-recovery-fund/

63. Evans, S. (2020, July 29). In-depth: Hydrogen ‘required’ to meet UK
net-zero goal, says National Grid. Carbon Brief. https://www.carbonbrief.org/
in-depth-hydrogen-required-to-meet-uk-net-zero-goal-says-national-grid

64. Murray, J. (2020, January 24). Zero-carbon hydrogen injected into gas
grid for first time in groundbreaking UK trial. The Guardian. https://www.
theguardian.com/environment/2020/jan/24/hydrogen-uk-gas-grid-keele-
university; Adomaitis, N., & Fouche, G. (2020, June 30). Equinor to build
hydrogen plant with carbon capture in Britain. Reuters. https://uk.reuters.
com/article/uk-equinor-hydrogen-britain-idUKKBN2424MO

65. Morgan, S. (2020, June 21). Dutch do Danish deal to hit clean power
target. EURACTIV. https://www.euractiv.com/section/energy/news/dutch-do-
danish-deal-to-hit-clean-power-target/

66. Mace, M. (2020, May 26). Copenhagen Airport spearheads green
hydrogen project for transport fuel. Edie. https://www.edie.net/news/10/
Copenhagen-Airport-spearheads-green-hydrogen-project-for-transport-fuel/

67. Mazengarb, M. (2020, January 30). Nordic steel giant to use renewable
hydrogen to produce fossil-free steel by 2026. RenewEconomy. https://
reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-
produce-fossil-free-steel-by-2026-2026/; Collins, L. (2020, April 28). ‘World
first’ as hydrogen used to power commercial steel production. Recharge.
https://www.rechargenews.com/transition/-world-first-as-hydrogen-used-to-
power-commercial-steel-production/2-1-799308

68. Solsvik, T., Klesty, V., Fouche, G., Navaratnam, S., & Nomiyama, C. (2020,
May 29). Norway plans $369 million green industry investments. Reuters.
https://www.reuters.com/article/us-health-coronavirus-norway/norway-plans-
369-million-green-industry-investments-idUSKBN2351L3

69. Norwegian Government. (2020, June). The Norwegian Government’s
hydrogen strategy: Towards a low emission society. https://www.
regjeringen.no/contentassets/8ffd54808d7e42e8bce81340b13b6b7d/
hydrogenstrategien-engelsk.pdf

70. Jewkes, S., & Heavens, L. (2020, June 19). Enel to launch hydrogen
business as part of green drive. Reuters. https://www.reuters.com/article/
us-enel-hydrogen/enel-to-launch-hydrogen-business-as-part-of-green-drive-
idUSKBN23Q1XN

71. Morgan, S. (2020, June 15). Spain underpins car sector bailout with green
goals. EURACTIV. https://www.euractiv.com/section/transport/news/spain-
underpins-car-sector-bailout-with-green-goals/

72. Weyndling, R. (2020, May 25). Portuguese national strategy anticipates
EU-wide green hydrogen initiative. ENDS Europe. https://www.endseurope.
com/article/ 1684146/ portuguese-national-strategy-anticipates-eu-wide-
green-hydrogen-initiative; Goncalves, S., Demony, C., & Cawthorne, A. (2020,
April 30). Portugal plans new hydrogen plant in post-coronavirus ‘green’
future. Reuters. https://www.reuters.com/article/us-health-coronavirus-
portugal-energy-idUSKBN22C1T2

22 CLEAN ENERGY CANADA

73. Thomas, L., Pineau, E., & Stonestreet, J. (2020, September 2). France
targets green investment, jobs with huge stimulus plan. Reuters. https://www.
reuters.com/article/us-france-economy/france-unleashes-100-billion-euro-
stimulus-to-revive-economy-idUSKBN25UOIA; Thomas, L., Paillez, C., Lough, R.,
& Stonestreet, J. (2020, September 3). Factbox: How France plans to spend
its way out of COVID-19 slump. Reuters. https://www.reuters.com/article/us-
france-economy-plan-factbox/factbox-how-france-plans-to-spend-its-way-out-
of-covid-19-slump-idUSKBN25U1WE

74. De Beaupuy, F. (2020, July 8). A greener way to make hydrogen
emerges in France. Bloomberg. https://www.bloomberg.com/news/
articles/2020-07-09/gas-giants-see-hydrogen-made-from-solar-as-key-to-
curb-emissions?sref=52ZW06YM; Tirone, J. (2020, July 10). Hottest new
fuel proves hard to handle. Bloomberg. https://www.bloomberg.com/news/
articles/2020-07-11/green-news-austria-emerges-as-hub-for-hydrogen-
technology?sref=52ZW06YM

75. Janssen, D. (2020, April 1). Dutch outline clean hydrogen ‘vision’, aim

at global market. EURACTIV. https://www.euractiv.com/section/energy-
environment/news/dutch-outline-clean-hydrogen-vision-aim-at-global-market/;
Meijer, B., & Fernandez, C. (2020, February 27). Shell and Gasunie plan to
build massive Dutch green hydrogen plant. Reuters. https://www.reuters.
com/article/us-shell-gasunie-hydrogen/shell-and-gasunie-plan-to-build-
massive-dutch-green-hydrogen-plant-idUSKCN20L1AV

76. Foxwell, D. (2020, June 12). Lithuanian stimulus package commits funds
for grid connection. Riviera. https://www.rivieramm.com/news-content-hub/
lithuanian-stimulus-package-commits-funds-for-renewables-including-offshore-
grid-connection-59806

77. International Energy Agency. (2019, June). The Future of Hydrogen: Seizing
today’s opportunities. https://www.iea.org/reports/the-future-of-hydrogen

78. Banares, I. (2020, July 29). Fuel-cell firm stages comeback 20 years
later with help of China. Bloomberg. https://www.bloomberg.com/news/
articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-
of-china?sref=52ZW06YM

79. Shin, H., Cha, S., Kim, C., Jin, H., Lee, J., Smith, J., & Fernandez, C.

(2020, July 13). South Korea to spend $95 billion on green projects to boost
economy. Reuters. https://www.reuters.com/article/us-southkorea-president-
newdeal/south-korea-to-spend-95-billion-on-green-projects-to-boost-economy-
idUSKCN24FOGA

80. Malik, N. S. (2020, March 10). L.A. aims to be first to power U.S. city
with green hydrogen. Bloomberg. https://www.bloomberg.com/news/
articles/2020-03-10/l-a-aims-to-be-first-to-power-u-s-city-with-renewable-
hydrogen?sref=52ZW06YM

81. Renewable Energy News. (2020, June 30). Waste to deliver green
hydrogen in California. https://renews.biz/61340/waste-to-deliver-green-
hydrogen-in-california/

82. Lee, A. (2020, July 7). Saudi Arabia plans $5bn ‘world’s largest’ green
hydrogen plant to fuel global bus and truck fleets. Recharge. https://www.
rechargenews.com/transition/saudi-arabia-plans-5bn-worlds-largest-green-
hydrogen-plant-to-fuel-global-bus-and-truck-fleets/2-1-839532

83. Njini, F. (2020, June 30). Hydrogen to fuel giant mining trucks in
green shift by Anglo. Bloomberg,. https://www.bloomberg.com/news/
articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-
green-shift?sref=52ZWO06YM

84. Australian Government. (2019, November). Australia’s national hydrogen
strategy. https://www.industry.gov.au/sites/default/files/2019-11/australias-
national-hydrogen-strategy.pdf

85. Murphy, K. (2020, May 3). Government offers $300m to boost hydrogen
investment under clean energy financing. The Guardian. https://www.
theguardian.com/australia-news/2020/may/04/government-offers-
300m-hydrogen-investment-clean-energy-finance-corporation; Department
of Industry, Science, Energy and Resources. (2020, May 4). Government
announces $300m Advancing Hydrogen Fund. Australian Government.
https://www.energy.gov.au/news-media/news/government-announces-
300m-advancing-hydrogen-fund; Clarke, M. (2020, September 21). Energy
Minister Angus Taylor to reveal Australia’s new ‘roadmap’ to reducing carbon


https://www.bloomberg.com/news/articles/2020-07-21/eu-approves-biggest-green-stimulus-in-history-with-572-billion-plan?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-21/eu-approves-biggest-green-stimulus-in-history-with-572-billion-plan?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-21/eu-approves-biggest-green-stimulus-in-history-with-572-billion-plan?sref=52ZWO6YM
https://p.dw.com/p/3dOxW
https://www.cummins.com/news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-railway-operations-europe
https://www.cummins.com/news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-railway-operations-europe
https://www.cummins.com/news/2020/02/28/power-passenger-trains-how-hydrogen-can-revolutionize-railway-operations-europe
https://reneweconomy.com.au/another-nail-in-coals-coffin-german-steel-furnace-runs-on-renewable-hydrogen-in-world-first-55906/
https://reneweconomy.com.au/another-nail-in-coals-coffin-german-steel-furnace-runs-on-renewable-hydrogen-in-world-first-55906/
https://www.bloomberg.com/news/articles/2020-07-21/johnson-announces-446-million-funding-to-cut-greenhouse-gases?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-21/johnson-announces-446-million-funding-to-cut-greenhouse-gases?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-21/johnson-announces-446-million-funding-to-cut-greenhouse-gases?sref=52ZWO6YM
https://renews.biz/60951/scotland-launches-62m-energy-recovery-fund/
https://renews.biz/60951/scotland-launches-62m-energy-recovery-fund/
https://www.carbonbrief.org/in-depth-hydrogen-required-to-meet-uk-net-zero-goal-says-national-grid
https://www.carbonbrief.org/in-depth-hydrogen-required-to-meet-uk-net-zero-goal-says-national-grid
https://www.theguardian.com/environment/2020/jan/24/hydrogen-uk-gas-grid-keele-university
https://www.theguardian.com/environment/2020/jan/24/hydrogen-uk-gas-grid-keele-university
https://www.theguardian.com/environment/2020/jan/24/hydrogen-uk-gas-grid-keele-university
https://uk.reuters.com/article/uk-equinor-hydrogen-britain-idUKKBN2424M0
https://uk.reuters.com/article/uk-equinor-hydrogen-britain-idUKKBN2424M0
https://www.euractiv.com/section/energy/news/dutch-do-danish-deal-to-hit-clean-power-target/
https://www.euractiv.com/section/energy/news/dutch-do-danish-deal-to-hit-clean-power-target/
https://www.edie.net/news/10/Copenhagen-Airport-spearheads-green-hydrogen-project-for-transport-fuel/
https://www.edie.net/news/10/Copenhagen-Airport-spearheads-green-hydrogen-project-for-transport-fuel/
https://reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-produce-fossil-free-steel-by-2026-2026/
https://reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-produce-fossil-free-steel-by-2026-2026/
https://reneweconomy.com.au/nordic-steel-giant-to-use-renewable-hydrogen-to-produce-fossil-free-steel-by-2026-2026/
https://www.rechargenews.com/transition/-world-first-as-hydrogen-used-to-power-commercial-steel-production/2-1-799308
https://www.rechargenews.com/transition/-world-first-as-hydrogen-used-to-power-commercial-steel-production/2-1-799308
https://www.reuters.com/article/us-health-coronavirus-norway/norway-plans-369-million-green-industry-investments-idUSKBN2351L3
https://www.reuters.com/article/us-health-coronavirus-norway/norway-plans-369-million-green-industry-investments-idUSKBN2351L3
https://www.regjeringen.no/contentassets/8ffd54808d7e42e8bce81340b13b6b7d/hydrogenstrategien-engelsk.pdf
https://www.regjeringen.no/contentassets/8ffd54808d7e42e8bce81340b13b6b7d/hydrogenstrategien-engelsk.pdf
https://www.regjeringen.no/contentassets/8ffd54808d7e42e8bce81340b13b6b7d/hydrogenstrategien-engelsk.pdf
https://www.reuters.com/article/us-enel-hydrogen/enel-to-launch-hydrogen-business-as-part-of-green-drive-idUSKBN23Q1XN
https://www.reuters.com/article/us-enel-hydrogen/enel-to-launch-hydrogen-business-as-part-of-green-drive-idUSKBN23Q1XN
https://www.reuters.com/article/us-enel-hydrogen/enel-to-launch-hydrogen-business-as-part-of-green-drive-idUSKBN23Q1XN
https://www.euractiv.com/section/transport/news/spain-underpins-car-sector-bailout-with-green-goals/
https://www.euractiv.com/section/transport/news/spain-underpins-car-sector-bailout-with-green-goals/
https://www.endseurope.com/article/1684146/portuguese-national-strategy-anticipates-eu-wide-green-hydrogen-initiative
https://www.endseurope.com/article/1684146/portuguese-national-strategy-anticipates-eu-wide-green-hydrogen-initiative
https://www.endseurope.com/article/1684146/portuguese-national-strategy-anticipates-eu-wide-green-hydrogen-initiative
https://www.reuters.com/article/us-health-coronavirus-portugal-energy-idUSKBN22C1T2
https://www.reuters.com/article/us-health-coronavirus-portugal-energy-idUSKBN22C1T2
https://www.reuters.com/article/us-france-economy/france-unleashes-100-billion-euro-stimulus-to-revive-economy-idUSKBN25U0IA
https://www.reuters.com/article/us-france-economy/france-unleashes-100-billion-euro-stimulus-to-revive-economy-idUSKBN25U0IA
https://www.reuters.com/article/us-france-economy/france-unleashes-100-billion-euro-stimulus-to-revive-economy-idUSKBN25U0IA
https://www.reuters.com/article/us-france-economy-plan-factbox/factbox-how-france-plans-to-spend-its-way-out-of-covid-19-slump-idUSKBN25U1WE
https://www.reuters.com/article/us-france-economy-plan-factbox/factbox-how-france-plans-to-spend-its-way-out-of-covid-19-slump-idUSKBN25U1WE
https://www.reuters.com/article/us-france-economy-plan-factbox/factbox-how-france-plans-to-spend-its-way-out-of-covid-19-slump-idUSKBN25U1WE
https://www.bloomberg.com/news/articles/2020-07-09/gas-giants-see-hydrogen-made-from-solar-as-key-to-curb-emissions?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-09/gas-giants-see-hydrogen-made-from-solar-as-key-to-curb-emissions?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-09/gas-giants-see-hydrogen-made-from-solar-as-key-to-curb-emissions?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-11/green-news-austria-emerges-as-hub-for-hydrogen-technology?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-11/green-news-austria-emerges-as-hub-for-hydrogen-technology?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-11/green-news-austria-emerges-as-hub-for-hydrogen-technology?sref=52ZWO6YM
https://www.euractiv.com/section/energy-environment/news/dutch-outline-clean-hydrogen-vision-aim-at-global-market/
https://www.euractiv.com/section/energy-environment/news/dutch-outline-clean-hydrogen-vision-aim-at-global-market/
https://www.reuters.com/article/us-shell-gasunie-hydrogen/shell-and-gasunie-plan-to-build-massive-dutch-green-hydrogen-plant-idUSKCN20L1AV
https://www.reuters.com/article/us-shell-gasunie-hydrogen/shell-and-gasunie-plan-to-build-massive-dutch-green-hydrogen-plant-idUSKCN20L1AV
https://www.reuters.com/article/us-shell-gasunie-hydrogen/shell-and-gasunie-plan-to-build-massive-dutch-green-hydrogen-plant-idUSKCN20L1AV
https://www.rivieramm.com/news-content-hub/lithuanian-stimulus-package-commits-funds-for-renewables-including-offshore-grid-connection-59806
https://www.rivieramm.com/news-content-hub/lithuanian-stimulus-package-commits-funds-for-renewables-including-offshore-grid-connection-59806
https://www.rivieramm.com/news-content-hub/lithuanian-stimulus-package-commits-funds-for-renewables-including-offshore-grid-connection-59806
https://www.iea.org/reports/the-future-of-hydrogen
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM
https://www.reuters.com/article/us-southkorea-president-newdeal/south-korea-to-spend-95-billion-on-green-projects-to-boost-economy-idUSKCN24F0GA
https://www.reuters.com/article/us-southkorea-president-newdeal/south-korea-to-spend-95-billion-on-green-projects-to-boost-economy-idUSKCN24F0GA
https://www.reuters.com/article/us-southkorea-president-newdeal/south-korea-to-spend-95-billion-on-green-projects-to-boost-economy-idUSKCN24F0GA
https://www.bloomberg.com/news/articles/2020-03-10/l-a-aims-to-be-first-to-power-u-s-city-with-renewable-hydrogen?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-03-10/l-a-aims-to-be-first-to-power-u-s-city-with-renewable-hydrogen?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-03-10/l-a-aims-to-be-first-to-power-u-s-city-with-renewable-hydrogen?sref=52ZWO6YM
https://renews.biz/61340/waste-to-deliver-green-hydrogen-in-california/
https://renews.biz/61340/waste-to-deliver-green-hydrogen-in-california/
https://www.rechargenews.com/transition/saudi-arabia-plans-5bn-worlds-largest-green-hydrogen-plant-to-fuel-global-bus-and-truck-fleets/2-1-839532
https://www.rechargenews.com/transition/saudi-arabia-plans-5bn-worlds-largest-green-hydrogen-plant-to-fuel-global-bus-and-truck-fleets/2-1-839532
https://www.rechargenews.com/transition/saudi-arabia-plans-5bn-worlds-largest-green-hydrogen-plant-to-fuel-global-bus-and-truck-fleets/2-1-839532
https://www.bloomberg.com/news/articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-green-shift?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-green-shift?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-01/anglo-switching-to-hydrogen-powered-mine-trucks-in-green-shift?sref=52ZWO6YM
https://www.industry.gov.au/sites/default/files/2019-11/australias-national-hydrogen-strategy.pdf
https://www.industry.gov.au/sites/default/files/2019-11/australias-national-hydrogen-strategy.pdf
https://www.theguardian.com/australia-news/2020/may/04/government-offers-300m-hydrogen-investment-clean-energy-finance-corporation
https://www.theguardian.com/australia-news/2020/may/04/government-offers-300m-hydrogen-investment-clean-energy-finance-corporation
https://www.theguardian.com/australia-news/2020/may/04/government-offers-300m-hydrogen-investment-clean-energy-finance-corporation
https://www.energy.gov.au/news-media/news/government-announces-300m-advancing-hydrogen-fund
https://www.energy.gov.au/news-media/news/government-announces-300m-advancing-hydrogen-fund

emissions. ABC News. https://www.abc.net.au/news/2020-09-21/australia-
new-energy-roadmap-focuses-on-specific-industry/ 12687028

86. New Zealand Government. (2019, September). A vision for hydrogen in
New Zealand. https://www.mbie.govt.nz/assets/a-vision-for-hydrogen-in-new-
zealand-green-paper.pdf

87. Sampson, J. (2020, Aug 6). Plans for nationwide network of hydrogen
stations in New Zealand moves forward. Hydrogen View. https://www.h2-view.
com/story/plans-for-nationwide-network-of-hydrogen-stations-in-new-zealand-
moves-forward/; Radio New Zealand. (2020, September 1). Hydrogen-
powered electric truck fuelling stations planned for 2021. https://www.rnz.
co.nz/news/business/424970/hydrogen-powered-electric-truck-fuelling-
stations-planned-for-2021

88. BloombergNEF. (2020, March 30). Hydrogen economy outlook: key
messages. https://data.bloomberglp.com/professional/sites/24/BNEF-
Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf

89. Deloitte. (2019, November). Australian and global hydrogen demand
growth scenario analysis. https://www?2.deloitte.com/content/dam/Deloitte/
au/Documents/future-of-cities/deloitte-au-australian-global-hydrogen-
demand-growth-scenario-analysis-091219.pdf

90. Ballard Power Systems. (2020, March 4). Ballard reports Q4 and full
year 2019 results [Press release]. https://www.ballard.com/about-ballard/
newsroom/news-releases/2020/03/05/ballard-reports-q4-and-full-year-
2019-results; Smith, M., & MacEwen, R. (2020, June 15). B.C.’s clean-energy
sector has message for province: Consider the return on your investment.
Vancouver Sun. https://vancouversun.com/opinion/merran-smith-and-randy-
macewen-b-c-s-clean-energy-sector-has-message-for-province-consider-the-
return-on-your-investment

91. Banares, I. (2020, July 29). Fuel-cell firm stages comeback 20 years
later with help of China. Bloomberg,. https://www.bloomberg.com/news/
articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-
of-china?sref=52ZW06YM

92. Obiko Pearson, N. (2019, October 24). After 40-year losing streak, fuel-cell
maker shares are soaring. Bloomberg. https://www.bloomberg.com/news/
articles/2019-10-25/after-40-year-losing-streak-fuel-cell-maker-shares-are-
soaring?sref=52ZW06YM

93. GlobeNewswire. (2019, March 15). Hydrogenics reports fourth quarter
and full year 2018 results [Press release]. https://www.globenewswire.com/
news-release/2019/03/15/1755163/0/en/Hydrogenics-Reports-Fourth-
Quarter-and-Full-Year-2018-Results.html; Canadian Hydrogen and Fuel Cell
Association. (2018, November). Canadian hydrogen and fuel cell sector
profile. http://www.chfca.ca/wp-content/uploads/2019/10/CHFC-Sector-
Profile-2018-Final-Report.pdf

94. Hand, E. (2020, February 6). Company to harvest green hydrogen
by igniting oil fires underground. Science. https://www.sciencemag.org/
news/2020/02/company-harvest-green-hydrogen-underground-oil-fires

95. Bramadat-Willcock, M. (2020, July 14). Saskatchewan pilots hydrogen
to fuel the future. National Observer. https://www.nationalobserver.
com/2020/07/14/news/saskatchewan-pilots-hydrogen-fuel-future

96. Emissions Reduction Alberta. (n.d.). Development and field testing of a
Tri-Generation Pyrolysis (TGP) system for low-cost, clean hydrogen production.
https://eralberta.ca/projects/details/development-and-field-testing-of-a-tri-
generation-pyrolysis-tgp-system-for-low-cost-clean-hydrogen-production/

97. Shell Canada. (2019, May 23). Quest CCS facility reaches major milestone:
Captures and Stores four million tonnes of CO, [Press release]. https://www.
shell.ca/en_ca/media/news-and-media-releases/news-releases-2019/quest-
ccs-facility-reaches-major-milestone.html

98. Mathis, W., & Krukowska, E. (2020, May 28). Company with 290% gain
this year aims for green deal riches. Bloomberg. https://www.bloomberg.com/
news/articles/2020-05-28/company-with-291-gain-this-year-could-be-key-to-
eu-green-goals?sref=52ZWO06YM

99. ITM Power. (2020, July 7). EU Energy Commissioner visit to REFHYNE, the
world’s largest PEM hydrogen electrolysis plant under construction. https://
www.itm-power.com/news/eu-energy-commissioner-visit-to-refhyne-the-world-
s-largest-pem-hydrogen-electrolysis-plant-under-construction

100. Hydrogenics. (2018, July 16). North America’s first multi-megawatt
power-to-gas facility begins operations [Press release]. https://www.
hydrogenics.com/2018/07/16/north-americas-first-multi-megawatt-power-to-
gas-facility-begins-operations/

101. Seskus, T. (2020, July 21). Hydrogen-injected natural gas to heat homes
in Alberta city next year. CBC News. https://www.cbc.ca/news/canada/
calgary/alberta-hydrogen-home-heating-1.5657736

102. Lowey, M. (2019, March 12). $15-million project to test hydrogen fuel
in Alberta’s freight transportation sector. CESAR. https://www.cesarnet.ca/
blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-
sector; Emissions Reduction Alberta. (n.d.). Alberta Zero Emissions Truck
Electrification Collaboration (AZETEC). https://eralberta.ca/projects/details/
alberta-zero-emissions-truck-electrification-collaboration-azetec/

103. International Energy Agency. (2019, June). The Future of Hydrogen:
Seizing today’s opportunities. https://www.iea.org/reports/the-future-of-
hydrogen

104. FuelCellsWorks. (2020, January 13). Australia, Japan sign hydrogen
agreement: An exciting step towards hydrogen future. https://fuelcellsworks.
com/news/australia-japan-sign-hydrogen-agreement-an-exciting-step-towards-
hydrogen-future/

105. Murtaugh, D. (2019, December 11). World’s first liquid hydrogen ship
debuts in green economy boost. Bloomberg. https://www.bloomberg.com/
news/articles/2019-12-12/world-s-first-liquid-hydrogen-ship-debuts-in-
green-economy-boost?sref=52ZW0O6YM; Paul, S., & Pullin, R. (2019, July
19). Japan’s Kawasaki set to trial Australian hydrogen exports in 2020.
Reuters. https://www.reuters.com/article/us-australia-kawasaki-heavy-
hydrogen/japans-kawasaki-set-to-trial-australian-hydrogen-exports-in-2020-
idUSKCN1UEOQI

106. Ratcliffe, V. (2020, September 27). Saudi Arabia sends blue ammonia to
Japan in world-first shipment. Bloomberg. https://www.bloomberg.com/news/
articles/2020-09-27/saudi-arabia-sends-blue-ammonia-to-japan-in-world-first-
shipment?sref=52ZW0O6YM

107. International Energy Agency. (2019, June). The Future of Hydrogen:
Seizing today’s opportunities. https://www.iea.org/reports/the-future-of-
hydrogen

108. Pflugmann, F., & De Blasio, N. (2020). The geopolitics of renewable
hydrogen in low-carbon energy markets. Geopolitics, History, and International
Relations, 12(1), 9-44. https://doi.org/10.22381/GHIR12120201

109. Task Force for a Resilient Recovery. (2020, September). Bridge to the
future: Final report from the Task Force for a Resilient Recovery. https://www.
recoverytaskforce.ca/wp-content/uploads/2020/09/TFRR-Final-Report_
EN.pdf

110. lbid.

ANEW HOPE 23


https://www.abc.net.au/news/2020-09-21/australia--new-energy-roadmap-focuses-on-specific-industry/12687028
https://www.abc.net.au/news/2020-09-21/australia--new-energy-roadmap-focuses-on-specific-industry/12687028
https://www.mbie.govt.nz/assets/a-vision-for-hydrogen-in-new-zealand-green-paper.pdf
https://www.mbie.govt.nz/assets/a-vision-for-hydrogen-in-new-zealand-green-paper.pdf
https://www.h2-view.com/story/plans-for-nationwide-network-of-hydrogen-stations-in-new-zealand-moves-forward/
https://www.h2-view.com/story/plans-for-nationwide-network-of-hydrogen-stations-in-new-zealand-moves-forward/
https://www.h2-view.com/story/plans-for-nationwide-network-of-hydrogen-stations-in-new-zealand-moves-forward/
https://www.rnz.co.nz/news/business/424970/hydrogen-powered-electric-truck-fuelling-stations-planned-for-2021
https://www.rnz.co.nz/news/business/424970/hydrogen-powered-electric-truck-fuelling-stations-planned-for-2021
https://www.rnz.co.nz/news/business/424970/hydrogen-powered-electric-truck-fuelling-stations-planned-for-2021
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
https://www2.deloitte.com/content/dam/Deloitte/au/Documents/future-of-cities/deloitte-au-australian-global-hydrogen-demand-growth-scenario-analysis-091219.pdf
https://www2.deloitte.com/content/dam/Deloitte/au/Documents/future-of-cities/deloitte-au-australian-global-hydrogen-demand-growth-scenario-analysis-091219.pdf
https://www2.deloitte.com/content/dam/Deloitte/au/Documents/future-of-cities/deloitte-au-australian-global-hydrogen-demand-growth-scenario-analysis-091219.pdf
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM 
https://www.ballard.com/about-ballard/newsroom/news-releases/2020/03/05/ballard-reports-q4-and-full-year-2019-results
https://www.ballard.com/about-ballard/newsroom/news-releases/2020/03/05/ballard-reports-q4-and-full-year-2019-results
https://www.ballard.com/about-ballard/newsroom/news-releases/2020/03/05/ballard-reports-q4-and-full-year-2019-results
https://vancouversun.com/opinion/merran-smith-and-randy-macewen-b-c-s-clean-energy-sector-has-message-for-province-consider-the-return-on-your-investment
https://vancouversun.com/opinion/merran-smith-and-randy-macewen-b-c-s-clean-energy-sector-has-message-for-province-consider-the-return-on-your-investment
https://vancouversun.com/opinion/merran-smith-and-randy-macewen-b-c-s-clean-energy-sector-has-message-for-province-consider-the-return-on-your-investment
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-07-29/fuel-cell-firm-stages-comeback-20-years-later-with-help-of-china?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-10-25/after-40-year-losing-streak-fuel-cell-maker-shares-are-soaring?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-10-25/after-40-year-losing-streak-fuel-cell-maker-shares-are-soaring?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-10-25/after-40-year-losing-streak-fuel-cell-maker-shares-are-soaring?sref=52ZWO6YM
https://www.globenewswire.com/news-release/2019/03/15/1755163/0/en/Hydrogenics-Reports-Fourth-Quarter-and-Full-Year-2018-Results.html
https://www.globenewswire.com/news-release/2019/03/15/1755163/0/en/Hydrogenics-Reports-Fourth-Quarter-and-Full-Year-2018-Results.html
https://www.globenewswire.com/news-release/2019/03/15/1755163/0/en/Hydrogenics-Reports-Fourth-Quarter-and-Full-Year-2018-Results.html
http://www.chfca.ca/wp-content/uploads/2019/10/CHFC-Sector-Profile-2018-Final-Report.pdf
http://www.chfca.ca/wp-content/uploads/2019/10/CHFC-Sector-Profile-2018-Final-Report.pdf
https://www.sciencemag.org/news/2020/02/company-harvest-green-hydrogen-underground-oil-fires
https://www.sciencemag.org/news/2020/02/company-harvest-green-hydrogen-underground-oil-fires
https://www.nationalobserver.com/2020/07/14/news/saskatchewan-pilots-hydrogen-fuel-future
https://www.nationalobserver.com/2020/07/14/news/saskatchewan-pilots-hydrogen-fuel-future
https://eralberta.ca/projects/details/development-and-field-testing-of-a-tri-generation-pyrolysis-tgp-system-for-low-cost-clean-hydrogen-production/
https://eralberta.ca/projects/details/development-and-field-testing-of-a-tri-generation-pyrolysis-tgp-system-for-low-cost-clean-hydrogen-production/
https://www.shell.ca/en_ca/media/news-and-media-releases/news-releases-2019/quest-ccs-facility-reaches-major-milestone.html
https://www.shell.ca/en_ca/media/news-and-media-releases/news-releases-2019/quest-ccs-facility-reaches-major-milestone.html
https://www.shell.ca/en_ca/media/news-and-media-releases/news-releases-2019/quest-ccs-facility-reaches-major-milestone.html
https://www.bloomberg.com/news/articles/2020-05-28/company-with-291-gain-this-year-could-be-key-to-eu-green-goals?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-05-28/company-with-291-gain-this-year-could-be-key-to-eu-green-goals?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-05-28/company-with-291-gain-this-year-could-be-key-to-eu-green-goals?sref=52ZWO6YM
https://www.itm-power.com/news/eu-energy-commissioner-visit-to-refhyne-the-world-s-largest-pem-hydrogen-electrolysis-plant-under-construction
https://www.itm-power.com/news/eu-energy-commissioner-visit-to-refhyne-the-world-s-largest-pem-hydrogen-electrolysis-plant-under-construction
https://www.itm-power.com/news/eu-energy-commissioner-visit-to-refhyne-the-world-s-largest-pem-hydrogen-electrolysis-plant-under-construction
https://www.hydrogenics.com/2018/07/16/north-americas-first-multi-megawatt-power-to-gas-facility-begins-operations/
https://www.hydrogenics.com/2018/07/16/north-americas-first-multi-megawatt-power-to-gas-facility-begins-operations/
https://www.hydrogenics.com/2018/07/16/north-americas-first-multi-megawatt-power-to-gas-facility-begins-operations/
https://www.cbc.ca/news/canada/calgary/alberta-hydrogen-home-heating-1.5657736
https://www.cbc.ca/news/canada/calgary/alberta-hydrogen-home-heating-1.5657736
https://www.cesarnet.ca/blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-sector
https://www.cesarnet.ca/blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-sector
https://www.cesarnet.ca/blog/15-million-project-test-hydrogen-fuel-alberta-s-freight-transportation-sector
https://eralberta.ca/projects/details/alberta-zero-emissions-truck-electrification-collaboration-azetec/
https://eralberta.ca/projects/details/alberta-zero-emissions-truck-electrification-collaboration-azetec/
https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/the-future-of-hydrogen
https://fuelcellsworks.com/news/australia-japan-sign-hydrogen-agreement-an-exciting-step-towards-hydrogen-future/
https://fuelcellsworks.com/news/australia-japan-sign-hydrogen-agreement-an-exciting-step-towards-hydrogen-future/
https://fuelcellsworks.com/news/australia-japan-sign-hydrogen-agreement-an-exciting-step-towards-hydrogen-future/
https://www.bloomberg.com/news/articles/2019-12-12/world-s-first-liquid-hydrogen-ship-debuts-in-green-economy-boost?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-12-12/world-s-first-liquid-hydrogen-ship-debuts-in-green-economy-boost?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2019-12-12/world-s-first-liquid-hydrogen-ship-debuts-in-green-economy-boost?sref=52ZWO6YM
https://www.reuters.com/article/us-australia-kawasaki-heavy-hydrogen/japans-kawasaki-set-to-trial-australian-hydrogen-exports-in-2020-idUSKCN1UE0QI
https://www.reuters.com/article/us-australia-kawasaki-heavy-hydrogen/japans-kawasaki-set-to-trial-australian-hydrogen-exports-in-2020-idUSKCN1UE0QI
https://www.reuters.com/article/us-australia-kawasaki-heavy-hydrogen/japans-kawasaki-set-to-trial-australian-hydrogen-exports-in-2020-idUSKCN1UE0QI
https://www.bloomberg.com/news/articles/2020-09-27/saudi-arabia-sends-blue-ammonia-to-japan-in-world-first-shipment?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-09-27/saudi-arabia-sends-blue-ammonia-to-japan-in-world-first-shipment?sref=52ZWO6YM
https://www.bloomberg.com/news/articles/2020-09-27/saudi-arabia-sends-blue-ammonia-to-japan-in-world-first-shipment?sref=52ZWO6YM
https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/the-future-of-hydrogen
https://doi.org/10.22381/GHIR12120201 
https://www.recoverytaskforce.ca/wp-content/uploads/2020/09/TFRR-Final-Report_EN.pdf
https://www.recoverytaskforce.ca/wp-content/uploads/2020/09/TFRR-Final-Report_EN.pdf
https://www.recoverytaskforce.ca/wp-content/uploads/2020/09/TFRR-Final-Report_EN.pdf
https://www.recoverytaskforce.ca/wp-content/uploads/2020/09/TFRR-Final-Report_EN.pdf


CLEAN CANADA

Clean Energy Canada

Simon Fraser University, Morris J. Wosk Centre for Dialogue
Harbour Centre 3300 — 515 West Hastings Street
Vancouver, B.C., V6B 5K3

MORRIS J. WOSK
CENTRE FOR DIALOGUE




