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CANADIAN HYDRO&N AND FUEL CELL
SECTOR PROFIAD16

For more than a decade, the Government of Canadaand the Canadian Hydrogen and Fuel Cell Association (CHFCA)
have collaborated to develop an industry profile of the Canadian hydrogen and fuel cell sector. The profile is
published annually in order to:

1 Capture trends, growth and achievements for the Canadian sector.
1 Offer insights into the current state of the sector.
1 Provide valuable information for policy makers, investors and other stakeholders.

The 2016 profile was commissioned by Innovation, Science and Economic Development Canada (ISED}nd the
CHFCA and conducted by MNP LLP. The information presented in the profile was collected through a survey of
Canadian companies, educational institutes and government agencies that were directly involved in hydrogen and
fuel cell-related activities in 2015. The profile also includes select ndustry highlights that were prepared based on
publicly available information and information provided directly by organisations that participated in the survey. All
monetary results are presented in Canadian dollars.

Our thanks to all the organisations that contributed to the development of the Canadian Hydrogen a nd Fuel Cell
Sector Profile 2016
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INTRODUCTION

The Canadian hydrogen and fuel cell ®ctor is recognised as aglobal leader in the industry for pioneering new
technologies and industry expertise. Increasing demand for clean energy products and solutions domestically and
worldwide is generating opportunities and investments in a broad range of applications, including passenger
vehicles, buses, trucks, trains/trams, ships and planes, stationary and back-up power, and material handling. Fuel
cell technologies are being used to enhance the performance of clean energy systems by helping to balance
fluctuations in energy loads. These technologies also play an important role in helping to grow the renewable energy

sector in Canada and around the world. The sector isan important contributor to the Canadian economy and the

development of clean, efficient and reliable energy alternatives.

THE INDUSTRY AT &SLANCE IN 2015

In 2015, survey respondents from the Canadian hydrogen and fuel cell sector reported:

Revenue of | §1 25 million

$220 m ||||On of revenue from product sales
'1l. of revenue from the
$84 m I"IOn provision of services

AVPLOYVENT|*18 198 222
Of 1,785 jobS  |eewonsraamont staareaci neseancr

PROJECTS : ALLIANCES PARTNERSHIPS

Research, development and demonstration
expenditures of $173 million
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ORGANISATION PROFILE

Organisation Type

Corporate organisations, including private companies, public companies and subsidiaries, represented 634 of total
survey respondents. Governmert organisations accounted for 12%, and educational institutes and non-profit
organisations, including associations, represented the remaining 23 % of respondents.

Organisation Type

0% 10% 20% 30% 40% 50%

Private company s 429%
Educational institute mss———— 20%
Government organisation m————— 12%
Public company messsssm———— 12%
Division or subsidiary of a public company m———— 11%
Non-profit organisations, including associations === 3%

Years of Involvement in Hydrogen and Fuel Cell Activities

The majority of survey respondents (60%) reported involvement in hydrogen and fuel cell activities for more than
ten years.

Years of Involvement in Hydrogen and Fuel Cell Activities

0% 20% 40% 60%

>20 years mmmmmm— 12%
11 - 20 years . 48%
6 - 10 years messssssssssssssssss 20%
5years or less mmmmmmmmmm———————— 20%

Headquarters

The companies surveyedall operate in Canada, with the majority of survey respondents (89%) reporting that their
headquarters for hydrogen and fuel cell activities were located in Canada. Other survey respondents had
headquarters in Germany,the United States, Japan, South Koreaand the United Kingdom.
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Hydrogen and Fuel Cell Facilitiesby Region

Survey respondents reported 93 locations for hydrogen and fuel cell facilities and activities in 2015. In total, 72% of
facilities were located in Canada, 9% in Germany, @6 in the United States, 3% in Japan and 2% in the United
Kingdom. The remaining 7% were in China, South Korea,Denmark, Belgium, France, Indiaand South Africa.

In 2015, hydrogen and fuel cell activities took place in most provinces within Canada. The majority of facilities and
activities were in British Columbia (31%) and Ontario (18%), followed by Quebec (14%) and Alberta (5%). The rest of
Canada(4%) included facilities in Manitoba, Newfoundland and Labrador, Nova Scotig and Saskatchewan

Hydrogen and Fuel Cell Facilities by Region
0% 10% 20% 30% 40%

Ontario e 1 80/
Quebec . 1494
Alberta me— 504
Rest of Canada = 4%,
Germany mss—— Q0
United States we—— 704
Japan messss 304
United Kingdom msss 204
Rest of the World  ses—— 70

Areas of Expertise

Sur vey r e snpioareh of exdpertiSse in 2015 was research (28%). Other areas of expertise included fuel cell
development or manufacturing and supplying to developers or manufacturers (12% each), professional services
(10%),and commercialisation support (8%).

Hydrogen production, p olicy development and program administration , systems integration, education, safety and
training, hydrogen storage and hydrogen distribution each represented 5% or less of the suvey respondents é
expertise.

Areas of Expertise

0% 10% 20% 30%

Research organisation s 2 80/
Fuel cell developer or manufacturer m—— ] 20/
Supplier to developer or manufacturer —m—————— ] 20/
Professional services provider s 10%
Commercialisation support —mess— 804
Hydrogen production = 504
Policy development and program administration s 504
Systems integrator s 404
Education, safety and training = 404
Hydrogen storage s 39
Hydrogen distribution w204
Other —— 70
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TUGLIQ Energy (TUGLIQ) has recently completed the
deployment of a hybrid hydrogen energy system installed
in an Arctic climate at the Raglan Mine in  Nunavik,
Quebec. The system, manufactured by Hydrogenics, is
now operational. The hydrogen loop is composed of an
electrolyser, 3 large storage tanks capable of storing

300kg of hydrogen, and a fuel cell allowing the

production of 200kW of energy for rough  ly 20 hours.
Over 27 months, t he wind turbine coupled with energy
storage has replaced the use of more than 5 million litres
of diesel and reduced greenhouse gases by 13,300
tonnes. The project is an example-of the possibilities for
hydrogen deploymentin  both remote and industrial
applications. (http://www.tuglig.com/ )

Hydrogenics éPower-to -Gas solution converts surplus
energy generated from renewable sources to hydrogen

using electrolysis. This energy conversion and sto rage
solution can be installed anywhere power and gas grids
intersect. Hydrogenics, headquartered in Ontario, was
recently asked to | o-ditonGaaprojedt5
in Denmark, called HyBlance, wher e Hydr oge-n
to -gas technology will be used to produce hydrogen from
excess wind -generated energy and enable grid balancing
services. (http://www.hydrogenics.com/home )

Copyright ©TUGLIQ 2016
All rights reserved
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http://www.tugliq.com/
http://www.hydrogenics.com/home
http://www.hydrogenics.com/docs/default-source/pdf/2-2-1-power-to-gas-4pg-brochure-2012.pdf?sfvrsn=2
http://www.hydrogenics.com/about-the-company/news-updates/2016/02/23/hydrogenics-selected-to-join-15-million-power-to-gas-project
http://www.hydrogenics.com/home

Market Focus

In 2015, the combined mobile applications of primary power and drivetrain (33%), portable (11%), and auxiliary
power (7%), represented 51% ofs ur v ey r e snarkerfates.Ftiebng infrastructure, which includes hydrogen
production, distribution , and storage, represented the second largest area of market focus (32%), while stationary
applications accounted for the remaining 17%.

Market Focus

0% 20% 40%

Mobile - Primary power and drivetrain s 3304
Fueling infrastructure (including hydrogen) e 320/
Small stationary - 50kW or less msssss— ] 30
Portable (including micro) m—— 110
Mobile - Auxiliary Power w704
Large stationary - Greater than 50kW mssssss 404

Technology Focus

Proton Exchange Membrane (PEM) fuel cells dominated the focusofs ur vey respondentsé techn
2015 (38%). Together, hydrogen production, storage and distributon account ed for 41% of sur:’
technology focus. Direct methanol represented 6%, solid oxide represented 3%, alkaline and metatair each
represented 1%, andother categories represented 10% of s ur v ey r e sephonofogydonus.s é

Technology Focus

0% 25% 50%
38%

Proton exchange membrane
Hydrogen production — messs— 2 1%,
Hydrogen storage = 130
Hydrogen distribution s 704
Direct methanol e 69,
Solid oxide = 305
Alkaline = 1%
Metal-air = 1%
Other m——10%
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Power t ec (Powerebhy Advanced Transportation department, located in
British Columbia, provides both high pressure testing and hydrogen
infrastructure solutions. Powertech operates a comprehensive compressed
hydrogen and natural gas testing facility able to test to all nation al and
international test standards. Powertech also provides hydrogen fueling
infrastructure products, such as hydrogen stations, hydrogen dispensers, and
mobile fueling products. (  http://www.powertechlabs .com/home/ )

Greenlight Innovation , headquartered in British Columbia, has
announced a new division that will focus on hydrogen
infrastructure products. A dispenser for fueling fuel cell -
powered light and he avy-duty vehicles has already been
developed and the new division will provide tailored
compression, storage and dispensing solutions. Greenlight
Innovation also designs and manufactures fuel cell, electrolyser
and battery pack test equipment, and provides  automated
assembly equipment for fuel cell, battery, and solar panel
manufacturers. ( www.greenlightinnovation.com/ )

Greenlight Hydrogen Refueller (Source:Greenlight website)
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REVENUE

In 2015, 43% of survey respondents generated revenue from hydrogen and fuel cell activities, totalling
approximately $220 million. Year-over-year revenue is not directly comparable due to variations in survey
respondents and participation rates.

Of the survey respondentsthat provided their revenue in 2015, 2% reported more than $5 million in revenue, with
about half of those respondents reporting revenue of more than $25 million , 14% reporting revenue between $1
and $5 million, and 57% reporting less than $1 million in revenue.

In 2015, survey respondents generated the most revenue from product sales and provision of services which
generated 57% ($125 million) and 38% ($84 million) in revenue, respectively.

The regions in which survey respondents generated the most hydrogen and fuel cell -related revenue in 2015 were
the United States (33%) and Germany (31%). Overall, 36 of revenues were generated in Canada.

Revenue ($ millions)

215 211 220
188 195 194 199
168
134 133 135 133 141 433
97 |||| |||| |||| |||| |||’ ||||

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

250

200

15

o

10

o

5

o

o

Revenue by Category

0% 25% 50% 75%
Product sales 57%
Provision of services meesssssssssssssssssseeesessesemsms 3804
IP licensing == 29
R&D contracts = 1%
Other mm 29
Revenue by Region
0% 10% 20% 30% 40%

United States s e 330
G N LN . 310/
Japan me—— 80
United Kingdom w204
Rest of the World =eessssssssssssssssssssssssssssssssmmsmmmmns - 2 304
British Columbia == 204
Rest of Canada == 1%
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COMPETITIVE PERFORMNEE AND
CHALLENGES

Survey respondents were asked to identify challenges faced by their organisations in2015. The main challenges
identified by survey respondentsincluded lack of funding (31%), economic conditions (21%) and profitability (12%),
followed by access to markets (8%) and competition (7%).

Respondents also reported exchange rates(4%), labour shortages (4%), and employee turnover (3%) as challenges
faced in 2015. Other challenges identified by respondents were mostly related to a lack of market opportunities in
Canada

Challenges Faced in 2015

0% 10% 20% 30% 40%

Economic conditions s 21 04
Profitability —=ss— 120
Access to markets m———— 30
Competition —m— 70/
Exchange rates w494
Labour shortages msssssss 494

Employee turnover mssss= 39
Other s 109
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RESEARCIAND DEVELOPMENTR&D) AND
DEMONSTRATION

In 2015, 71% of survey respondents participated in research and development (R&D) and demonstration activities,
reporting total expenditures of approximately $173 million. Total R&D expenditure was $171 million and
demonstration expenditure was $1.8 million.

R&D and Demonstration Expenditure ($ millions)

o76 290
237 .0 -
179 177 184 158 173
128 142 136 130
i iliiliiil

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

350
300
250
200
15
10

5

o O O o

2015 Total R&D and Demonstration Expenditure ($ millions)

Type of Organisation R&D Demonstration

Corporate 155.1 1.2 156.3
Government, Academic and Non-Profit 16.1 0.6 16.7
Total 171.2 1.8 173.0

Sources of Funding for R&D and Demonstration Expenditure

The table below provides a breakdown of survey respondents &inding for R&D and demonstration expenditures ,
by source. Corporate operations together with parent, affiliated or su bsidiary organisations funded 86% of total
reported R&D expenditure s and 46% of reported demonstration expenditures .

Canadian governments funded $19.8 million or 11% of R&D expenditures and $0.7 million or 38% of demonstration
expenditures.

2015 Source of Funding for R&D and R&D Demonstration Total
Demonstration Expenditure $ millions $ millions $ millions
Parent, affiliated or subsidiary organisation 107.5 63% 0.1 6% 107.6
Corporate operations 38.7 23% 0.7 40% 39.4
Canadian government (all levels) 19.8 11% 0.7 38% 20.5
Foreign government 2.6 2% 0.0 1% 2.6
University or academic institute 15 1% - - 15
Other 11 0% 0.3 15% 1.4
Total 171.2 100% 1.8 100% 173.0
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R&D by Region

Sixtypercentof s ur vey r e R&Doerperditutesstank place in British Columbia, followed by Germany (16%).
Six percent of r e s p 0 n R&Dnexperditures occurred in Quebec, 3% in Ontario, and 1% in Alberta, while the
remaining R&D expenditures took place in the United States (6%), Ja@an (6%) and the rest of the world (2%).

R&D by Region

0% 20% 40% 60%

British Columbia e 5004
Quebec w60
Ontario == 3%
Alberta = 1%

Germany msssss—— ] 6%
United States mwmmmmm 6%
Japan s 6%
Rest of the World == 2%

Lambton Energy Research Centre (LERC) is

located at Lambton College in Sarnia, Ontario.
LERCés Sustainablad,70Bmar t
square-foot, two -story, state -of -the -art research
facility . It serves as an educational, testing and
research facility for industrial partners pursuing
research in renewable energy conversion,

storage, and management and optimization
technologies. The Sustainable Smart House is
Lambton Coll egeés pri mar
area of hydrogen generation and storage and

low -temperature fuel cells, including PEM, direct
methanol and microbial fuel cells. Current

research activities in collaboration with industrial
partners i nclude testing and optimization of a

fuel cell -based combined heat and power (CHP)
system for residential applications , and solar
hydrogen generation utilizing doped titania
nanotubes.
https://www.lambtoncollege.ca/About_Us/Centr
es/Energy Research_Centre/Home/ )

The Sushinable Smart House (top) and the Hydrogen and Fuel Cell Research Facility (botton), which is located in the lower lever of the Sustainable
Smart House. (Source: Lambton College)
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Sources of Funding for R&D Expenditure

In 2015, corporate survey respondents received the majority of their funding for R&D expenditure from parent,
affiliated or subsidiary organisations (69%) and operations (25%). Government survey respondentsreceived funding
for R&D expenditure exclusively from Canadian government sources while educational and non-profit respondents
received most of their funding from Canadian government sources (6&%6), as well as universities or academic
institutes (19%).

Sources of Funding for R&D Expenditures by Type of Organisation

0% 20% 40% 60% 80% 100%

- - L 69%
Parent, affiliated or subsidiary organisation

. 250/

Operations

Canadian government (all levels) 100%

Foreign government

Univeristy or academic institute ERERERRRRRRRRREE | 10%

Contract work conducted for another institute s 4%

Other e 5%

Corporate  mGovernment  # Academic Institutions and Non-profit

People Involved in Research

Academic aurvey respondents reported that a total of 365 people were involved in hydrogen and fuel cell -related
research activity in2015. Of the total reported number of people involved in research, 38% were Canadian graduae
and post-graduate students, 24% were academic or research staff,23% were international graduate and post-
graduate students, 8% were undergraduate students, including co-op students, and 3% were technicians.

People Involved in Research

0% 20% 40%

Canadian graduate and post-graduate students m—————————— 360/
Academic or research staff =————————————— 240
International graduate and post-graduate students = 230/
Undergraduate including co-op students s 804
Technicians msss 30,
Other msss—— 6%
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Automotive Fuel Cell Cooperation (AFCC) is a
research and development joint venture between
Daimler AG (Mercedes -Benz) and Ford Motor Co. It
is based in British Columbia and co -located with
Mercedes-Benz Fuel Cel | AFCCq
improve the performance and reduce the cost of

fuel cells produced by Daimler, Ford and other
automotive customers. For instance, AFCC reduced
its platinum use from 210 g in its GEN 2 fuel cell to

38 g in its GEN 3 fuel cell. AFCC is currently

working towards the release of the GEN 4 fuel cell,
which will be designed for high volume production
as well as further cost and platinum reduction. The
GEN 4 fuel cell is being developed for the release of
the 2017 Mercedes -Benz GLC fuel cell vehicle.
(http://www.afcc -auto.com/ )

Mercedes-Benz Fuel Cell (MBFC), located in British

Col umbi a, i s Dai mllmanéfacturimd o |
centre of excellence. It is the first automated fuel cell
stack production facility of its kind in the world.
MBFCés mandate is to deter.|
manufacture fuel cell engines on an industrial scale

and at an affordable price. ( http://www.mercedes -
benz.ca/content/canada/mpc/mpc_canada_website/e
n/home_mpc/passengerc ars/home/about_us/corpora
te_careers/areas_of business.0003.html )

-.Cj\- —

\L’_‘_\df —

Mercedes-Benz GLC 2014Source:AFCQ
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DEMONSTRATION PROJBEG AND PATENTS

Demonstration Projects

In 2015, survey respondents reported their participation in over 18 demonstration projects around the world.

Demonstration Projects by Region

Canadian provinces hosted 66% of surveyr e s p o n tbtalnémsréstration projects in 2015, the majority of which
took place in British Columbia (23%). Other Canadian provinces accounted for 43% of demonstrations, which were
hosted in Ontario (19%), Quebec (126), Alberta (4%), and other provinces (8%). The remainder took place in the
United States (12%), United Kingdom (6%), Germany (%), and other countries (11%).

Demonstration Projects by Region

0% 10% 20%

British Columbia e 2 30/
O N T LT O 10000000000 s ] 90/
Quebec e 1 204
Alberta  me—— 40

Rest of Canada mess— 30/

United States 12%
United Kingdom = =sessssm——m 50
Germany 5%
Rest of the World 11%

Sources of Funding for Demonstration Projects

In 2015, corporate operations funded 40% of the $1.8 million in demonstration expenditure reported by survey
respondents, while Canadian governments funded 38%.

Focus of Demonstration Projects

Survey respondent€main area of focus for demonstration project s was fueling infrastructure (34%), followed by
stationary applications and mobile applications (34% each).

Focus of Demonstration Projects

0% 25%

Fueling infrastructure s 3404
Portable (including micro) m——— D 30/
Small stationary - 50kW or less ms— 2 30/,

Mobile - Primary power and drivetrain s 10%
Large stationary - >50kW = messss———— 10%

Patentsand Licenses
In 2015, survey respondents had access t0524 approved patents and licensesand had 135 patents pending.
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Transport Ca nada imported two Toyota Mirai fuel cell
vehicles from California to perform environmental and
safety testing. Test results will aid Transport Canada,
Natural Resources Canada and Environment and
Climate Change Canada in the development of codes,
standards and regulations required to support the
commerciali sation of hydrogen fuel cell cars.

Environmental testing will generate information about
how fuel cell vehicles perform under Canadian
Environment and Climate Change operating conditions, including measuring range and
Minister Catherine McKenna, Transport performance in co Id temperatures. Safety testing
Res(’;ﬂp‘;ztseh%?;fe?;meg;ft‘ggtﬂ?é%;a; involves an evaluation to assess the integrity of the fuel
Toyota Mirai hydrogen fuel cell car in system and how the vehicle performs in a collision.
Ottawa, September 19, 2016.
(Source: Transport Canada)

Canadian Hydrogen Energy Workshop

hosted by CNL in Septembeg 2015.

(Source:CNL) *0Y, ¥ . . . . .
Since 2014, Canadian Nuclear Laboratories (CNL) has been involved in
developing and commerciali sing hydrogen technologies for nuclear and non -
nuclear applications, most of which directly relate to clean energy
production and utilization. In September 2015, CNL hosted the Canadian
Hydrogen Energy Worksh op in Chalk River, Ontario. Over 40 industry and
academic experts from across Canada took part in the workshop. Participants
attended presentations by 17 invited speakers from across the sector and
toured the hydrogen research facility to acquire an apprec jiation for CNL é s
hydrogen capabilities. ( http://www.cnl.ca/en/home/default.aspx )
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