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Institute for

Fuel Cell Innovation
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Welcome to the NR(
Institute for Fuel Cell Innovatio;

—

The world’s energy, climate and environmental issues challenge our lives everyday. The
Canadian Government is respending through a research organization in Vancouver that is
committed to developing fuef celi and hydrogen technologies as an alfernative energy solution

Who we are _

The NRC Institute for Enal Cell lonauptigo
{NRC-IFCIl} is Canada’s premier applied research
organization dedicated to supporting Canada's
fuel cell and hydrogen industry. With over 100
technical experts on staff, NRC-IFC| has made
significant contributions to the world's fuel cell
industry. Our skilled researchers are accelerating
the development of commercial fuel cell products
for portable, mobile and stationary devices as
well as transportation.

NRC-IFCl is located in Vancouver, the home to
roughly 70 per cent of companies in this industry.
Through science and technology, these
innovative companies are working toward
providing a greener tomorrow

What is a fuel celi?

A fuel cell is an electro-
chemical energy conversion
device that uses hydrogen
or other fuels to preduce
electricity, water, and heat.
It operates much like a
battery but doesn't consume
electrode material or require
electrical recharging. In fact,
a fuel cell can generate
power almost indefinitely,
as long as fuel is supplied.
-They can also be scaled to power everything from
cell phones to automaobiles to entire buildings.

A fuel cell stack

National Research
Councit - Canrada

1

Conseil national
do rechierches Canada

Furl cells cunnn hudrnnen tha maoet nhism oo
element, which makes up over 80 per cent of
our universe. It is highly reactive and is almost
never found in a naturally free state, but rather
bonded to other elements. In fact, hydrogen
combines easily with oxygen 1o create water,
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individual fuel cells typically generate less than
one volt. In order to get a practical voltage, celis
are therefore combined into a fuel cell stack,
and the number of cells in the stack determines
its output voliage.
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Our world with fuel cells

Hydrogen fuel cells have the potential to solve
the world's environmental challenges because
they are easy to use, silent, efficient, clean and
sustainable, and available everywhere.

Imagine never having to replace the battery in
your laptop or cell phone. Batteries are expensive,
and. eventually, must be replaced or recharged.
Fuel cells, however, continue to generate electri-
cal power as long as fuel is supplied, which means
more power and less battery waste in landfills.
Fuel cells successfully provide backup power for
rurat or remote communities not connected to the
energy grid, and provide limited power for
essential services during a power outage.

e airn of fuei cell research is to advance the
technology and commercialize it for use in a variety
of applications, including use in portable devices
such as laptops and cell phones

Our facility

Located on UBC's south campus, our facility is
one of the greenest buildings in Canada. Built in
2006, it earned a gold-levei Leadership in
Energy and Envirenmental Design (LEED) “green
builging” certification. LEED is a national standard
for developing sustainable buildings.

Our state-of-the-art facility is designed to
showcase environmental and sustainable
technologies, including rooftop photovoltaic
celis coupled to an electrolyzer that uses solar
energy to generate hydrogen for use in lab
experiments or an emergency back power
system, a 5 kW solid oxide fuel cell power
generator, and a ground-source heating and
cooling system.

The facility has nine world-class fuel-safe
laboratories, several fuel cell test stations, and
a Hydrogen-safe Environment Chamber (HEC}
that allows researchers to test products n
various climates by controlling humidity.
termperature and aititude.

Demonstration projects

NRC-IFCI is a major participant in the Vancouver
Fuet Cell Vehicle program, which was estahlished
to test and evaluate five Ford Focus cars over a
three year period. it is home ta the Pacific Spirit
Fuelling station, which provides fuel for the
vehicles, and its maintenance bay is where
valuable vehicle performance data is collected.
The Pacific Spirit Fuelling Station is also a key
node on Vancouver's Hydrogen Highway.

The Patific Spirit Fuelling Station

The Hydrogen Highway

The Hydrogen Highway is an advanced hydrogen
and fuel cell technology demonstration program
for showcasing BC's growing network of hydrogen
fueiling stations that provide fuel and support for
various stationary, portable and mobile fuel cell
applications. Since 2004, several fuelling stations
have been established in communities across
BC's iower mainland to accelerate production and
commercialization of hydroger and fuel cell
energy systems,

Further reading

NRC-IFC| home page:
ww sfoi-lipe nre-gcnre.qe.ca

Vancouver Fuel Cell Vehicle Program:
www vicyp.go. cafindex e htmi

Canadian Hydrogen & Fuef Cell Association:
wwe chfca ca

BC's Hydrogen Highway:
wwny Nydrogethighway.ca

Contact

For more information, ptease contact:
Sylvia LeRoy

NRC-IFCI Communications Officer

Tel.: 6804-221-3099 | Cel.: 778-840-6140
Email: sylvia leroy@nrc-corc.ge.ca

February 2008
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Technology Evaluation Program (TEP)

The Program

The National Research Council institute
for  Fuel Cell Innovation (NRC-IFCi)
Technology Evaluation Program (TEP) advances
Canada’'s leadership in fuel cell and- hydrogen
technologies 1o provide clean, sustainable energy
options for society’s benefit. Backed by a highiy
qualified, multi-disciplinary team of engineers,
scientists and technologists, the TEP works with
industry, government and academic pariners on a
wide range of projects.

The experience and flexibility of the TEP team lets
clients test, wvalidate and improve the
performance, efficiency, safety and reliability of
their clean energy technologies on-site.
Organized across three key streams— services,
applied research &  engineering, and
demonstration— the TEP adapts to address and
accommodate varied client needs.

Services

Complementing the NRC-IFCI's fundamental and
applied research, the TEP runs the Advanced
Testing and Validation Centre (ATVC) An
innovative, state of the art facilty, the ATVC
provides companies with objective, reliable and
accurate testing and validation of hydrogan, fuel
cell and other clean energy technologies for the
global market.

A unique facility, the ATVC offers companies year
round access to a range of environmental and
electrochemical fee-for-service test egquipment
supported by highly skilled professionals on-site.

Hydrogen Environmentat Chamber

The Hydrogen Environmental Chamber {HEC)
enables partners and researchers to test and
evaluate fuel cell and other clean energy systems
in a variety of extreme environmental conditions.
Testing in the HEC is an efficient
way to minimize cost and reduce figld trial
requirements.

l * l National Research

Council Canada
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Above: The Hydrogen Environmental Chambar
Below: A technical officer conducting an electrochemical test

The HEC is also equipped with a vibration table
and dynamometer. The vibration table can be
used o test a wvariety of eguipment and
components to  within  military standards. A
dynamometer  additionally allows for the
simultaneous testing of a vehicle's drive trair
response to various environmental conditions.

Electrochemical Test Centre

A suite of fuel celi, battery and supercapacitor
test stations (500W to S5KW) are available tc
clients. They can be configured to automatically
control and log test conditions and provide

valuable data to clients.
dl*l
(Canada




Mechanical Design and Fabrication Vancouver Fuel Cell Vehicle Program

The TEP provides clients NRC-IFC! provided a home for the CHFC,
with ' complete managed Vancouver Fuel Cell Vehicle Progra
engineering and (VFCVP} untii the program’s completion in 201
precision prototyping The professional expertise of the TEP Tea
services. Advancing enabled members of the VFCVP to put fuel ce
research discoveries and vehicles to work in real-world applications in orde

their transition from the o evaluate system performance and reliabilit
lab to the end-user. the Since 2005, th

TEP speciaiizes in single fleet of five For
part and low quantity Focus vehicle

uns of SOFC & L accumulated mor
Fuet Cell stacks, test than 300,000 rea

fixtures. balance of plant compenents  and world kilometres
systems design. NRC brings best-of-class The VFCVF was
processes and techniques to bear on both R&D demonstration C
and commercialization projects. what is possibic

illustrating a meor

Applied Research and Engineering sustai _ratho:
or ransportation. |t

Applied research and engineering undertaken by about puttiny

the TEP team emphasizes the system and hydrogen  energ:

application-level research in several areas of inte motion.

clean energy engineering, including

transportation, energy storage and other

applications. With expertise in  mechanical Competencies

engineering, physics, electrochemistry,

instrumentation and electronics, safety and The TEP has skills and experience in a wide

mathematical modeling. the TEP provides range of fields. Core competencies include:

science and engineering research, technical
support  services, specialty products. ancd
integrated high performance solutions for today’s

Application Modeliing & Development
Fue! Celi System integration in Buildings

clean energy technologies. Aerospace
Balance of Plant
Demonstrations Stationary

System Design for Flex Fuel SOFC

. . . Integrated PEM Catalyst Developrment
Committed to innovation. the TEP team provides god%s & Standards D)éveropme:a)r

opportunities for clients to showcase Canadian Hydrogen, Carbon Monoxide &
technologies and companies through Nanoparticle Safety

demonstration projects. Projects include the
demonstration of fuel cell and clean energy
technologies in real, everyday conditions: the
testing of alternative fuels to projects exploring the
viability of new fuel infrastructure technology:
exploring the path to commercialization: and,
increasing  public awareness of emerging

NSRS NENENE NENEN

Contacts

Business contact
Dr. Frangois Girard
Manager, Technology Evaluation Program

technologles. Tel: (604) 221-3042 | Fax: (604) 221-3001
Hydrogen Highway Email: Erancois. Girard@nrc-cnre.qc.ca
NRC-IFCI  bhas supported the Hydrogen .
Highway™ since 2002, when it first launched the NRC Institute for Fuel Cefi Innovation
demanstration project concept with BC Hydro. 4250 Wesbrook Mail

Methanex Corporation. and the Canadian Vancouver, BC VBT 1W5

Hydrogen and Fuel Cell Association {CHFCA). hitp./fHci-iipc.nro-gnre.ge.ca’l

The TEP has maintained and operated the Pacific
Spirit Fueling Station. one of the key nodes along
BC's Hydrogen Highway The team has also
provided technical support for the Vancouver Fuel
Cell Vehicie Program (VFCVP) and other
stationary deployments. which are showcased on-
site in the Hydrogen and Fuel Cell Gateway
technology demoenstration and exhibit centre.

Marcn 2010
Auiss: disporibie en francais




Science
—atwork for__ .

da_

Institute for
Fue! Celt Innovation

Active Flow Field Control in PEMF(

The Technology

Active flow field control is a new
proprietary (patent pending) fuel cell
design developed by the National Research
Councit's Inslilate ko Puel Cell innovaton
(NRC-IFCI) in collaboration with the University
"of British Columbia.

This unique design alters the active area of
proton exchange membrane fuel cells (PEMFC)
as operating conditions change. Active flow
field control can reduce low current density
failure modes, improve the cell-to-cell reactant
distribution and improve fuel cell performance
stability without increasing the parasitic power
consumption or cost.

Advantages

The flow fields in current PEM fuel cells have
fixed flow channel geometries and fixed active
areas. They are optimally designed around
their maximum power operating point with the
goals of maximizing performance and
minimizing pressure drop between inlet and
outlet of the flow fieid.

However, because this design is optimized for
peak power, it performs poorly under low power
conditions. At lower power, pressure drop is
reduced, affecting water management and
reactant distribution, causing reliability issues to
occur over the active area. Problems with cell-
to-cell reactant distribution in the fuel cell stack
and cell voitage reversal due to liquid water
clogging in the channeis and gas starvation can
also occur.

National Research
Council Canada

g

Conseil national
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The NRC-IFCI approach can resolve the isst
facing PEMFCs that have fixed flow chann
geometries and active areas at lower pow
operation. Active flow field control in the fic
fieid plate is cooy toeomy out-and-oon-be o
in PEMFC with variable load such
automdgtive or stationary applications.

Wamedw ImY]

Woltage traces before (left of line) and after {night of tine} reducing :
actve area of a single cell by closing four vatves of an intergigitated f
field cperated under a low loadrpower condition of 80 mA/em?, Aair =
and knydrogen = * .5

Acuve flow fierr designs with serpentine fiow channels {left; &
interdigitated fiow channels (nght)

- Canad:




Market & Business Opportunities

This device is suitable for a wide range of high
value-added power generation applications
{from mifliwatts to kilowatts) where PEMFC is
empioyed as an independent power source with
variable ioad, inciuding portabie electronic
devices, automotive and light duty mobile
devices,

Stage of Development

The technology has been demonstrated in the
lab at the single cell and stack levels.
Demonsiration PEMFC Single Cells and stacks
are available for testing.

Technical Specifications

The active area of the cathode flow fieid for this
technology is divided into several separate
sections. Each section is connected to an
extemnal valve at the exhaust of the fiow fieid
that can be controlled separately. If a valve is
closed, the corresponding area in the flow fieid
is also closed. This forces the reactant into the
other active sections, increasing the effective
reactant flow and associated pressure drop.

The active flow field control concept was
proven for interdigitated and serpentine flow
field plates at Jow power (50-200 mA/cm®) with
a constant H; stoichiometry of 1.5. The air
stoichiometry was vaned to a lower
stoichiometry of 1,1-1.5.

IP Status

Patent pending: WO 2005121917,
US 2008248385, CA 2569859

Licensing available

Contacts

Technical Contact

Or. Haijiang Wang

Senior Research Officer, Unit Cell

Tel: (604) 221-3038 | Fax: {604) 221-3001
Email: Haijiang. Wang@nre-cnre.qc.ca

Business contact

Mr. Yoga Yogendran

Director — Technology Deployment &
Commercialization

Tel: (604) 221-3157 | Fax: (604) 221-3001
Email: Yoqa.Yoqendran@nrc-cnrc‘qc.ca

NRC Institute for Fuel Celi Innovation
4250 Wesbrook Mall

Vancouver, BC V6T 1W5
http:/ifci-lipc.nre-cnre.ge.cal

May 2009
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- deployment, Whistler
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* Northlands Fueling Station,
North Vancouver
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’ 2010 Winter Games, Vancouver
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North Vancouver
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National Research Council Institute
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Station at the NRC,
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/", Various Locations
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BC Transit Victoria
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VANCOUVER

FUEL CELL AND

HYDROGEN TECHNOLOGIES

STRATEGICALLY POSITIONED FOR GROWTH

While pockets of fuel cell research
exist in other locations across
Canada, Vancouver remains the
rational hub for groundbreaking
R&D, accounting for nearly

70 percent of the roughby

2.000 Canadian iobs in the
field. NRC’s focus is 1o build on the success to date
by securing Canada’s competitve edge n Hy/FC
commercialization. To reach thes goal, NRC suppcted
Canada’s Fue! Cal Commerciatization Fcadmap. 2
federal government initiative to identify coportunitias
in fuel celt R&D and map a strategy for technology
commerciaiization.

NRC is partnering with others o bring gionesring
technologies to market through 28 indusriai coillzazcra-
tions, 20 university partnerships and 13 rtematioral
projects. NBC has also strengthaned ‘te reabons™ns
with three local universities to nelp develsp and aract
talent for HyFC employers, esiablish hycrogen ard fuel
cell consortia, and build a knowisdge ananlage “or
the region and for Canada. In cannershis with inoustry,
NRC earned the supooert of the provinciz: governe ent
for a BC Mydrogen and Fuel Ces Strateg.

A CATALYST FOR INNOVATION

The NRC Institute for Fuel Cell iIrnovatic: NRC-IFC

supports the H,/FC industry by neiping = solve tecrno-

lagical, requlatory, and innovatic: tarriers, ¥ detivers

value through:

¢ the Low Temperature fuei ceil Pragrar. toCLssE.:
on increasing the relability. curability. cerormasce

and flexiolivy of FEMFCs (Proton Exchange
Mernbrane Fuel Cellst while cecreasing costs;

» (re High Temperature fuet cel Srogram. focused onim-
proving durability ana lowering system Costs associated
with SOFCs (Solid Cxide Fuet Cells) by reducing operat-
ng smperatures ans noreasg systen fexibilty: and

* tne Hydrogen Techrclogies Program, focused or
aavancing ne use of hydroger as an erergy carner

These and otnaer NRC ~idatives c-aple wond-class

staff. visiting workers a7 graguate studants 10 gevelop
compeatencies and knowvdedge ‘cr ase :n golaboration with
ndustry {0 acdress shet arxd lerg-term iechnical needs.
NRC-IFCH alsc serves as an inco.tator for ©° start-up
H./FC companies.

DEMONSTRATING FUEL CELL POTENTIAL
NRC-IFCI operates a cutting-edge, public iesting
tacility that is unique in North America, The Advanced
Tesung and Validation Zentre 1ATVC) enables small and
mecium-sized enterprses 1SMEs: to test fuel cell ideas
anc prepare nnovations tor interiational markets. NRC
alsc collaborates with ciuster pariners to showcase real
wond applications of groundbreaxing hydrogen and fuel
cell technolog es. Demaonstration grojects include:

* 3 state-of-ine-art LEED ® Gad certified green research
faciity, with »ntegrated clean energy technologes
nciuding fusl cells;

* ~g Gateway, a tecnnology demonstration and exhibit
centre showcasing nvdrogen and fuel cell technologies
tat are in the marketplace today,

+ 1re vancouver Fuel Cell Vehicle Pragram, which
addresses barriers to commercialization and pugic
acceptance: and
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their w-
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. * British Coivmbias Hydrogen
Highway, ™ for wrich NRC crovides
Fodrogen rzfuelling - frastructure
as el as rransoortaton, micrs and
static ~ary fuz cel derrcnstraliors.

NRZ has ne cod the vancouve- C.u&.ter airact
gignificant naw invesiment <o Sritsh Soiumbia with
ntgrnationa’ compan es suct as Ford Motor Ce. and
Lrde Gases [ncatng on-site 12 develor onticad
demonstranon proecs,

TRANSFCRMING TECHNOLOGY INTO BUSINESS

NRT offers Strer stratsqic serv ces that hetp businesses

to develop and comirarciaiize freir scisnce and tachnalogy

innovations for marketplace success anc growth.

| ed hydrogen fueﬁ:ng demnstratnon pro;ed

Without NRC = the investmene thev were willing

FO maL':: n infmszructure, and

their mhmt*n 58 o incubate new companies — it would have been very ditticult

tor us to ger off to such a quick start and artract customers as quickly as we did.,

FOHN TS DFFETe = 2000 B3RS SaksT o

ASSISTING WITH INDUSTRIAL RESEARCH

Tre MNAC Imosstrial Research Assistance Program
INRC-RAP ~elps SMEs across Canada, t provices
tec otogicz. and bus ness aovize and expertise.
along with potential frianoal s.oport to R&D-oriented
cersianies. Ccliding tnse operating in NBC's
Cluster st L es

Trriogh its exiensive motwork o industnal technology

AMISTrE, the o

Ar2r- ks Comoanies in the clustar to
avproptate soorces Sflechnica and husimess expertise.
mar-<el infeaaton att ocd firancing. 1@ aso facilizates
intarration:s connectons vie tearrology missions NRG-
IRAF has a2 sioped ciase remtonships with the majority
of fusi el firs o Brten Columbia, supporting infovative

researsn ans Jevelopment anc the commercialization

of the Provmce of BC




of new fuel cell prozucts aro services In 2008-2000
alone, NRC-IRAP crovided atmost 2 milion m funding
to 10 organizatons 1 Britisn Colume

z's M,/FD sector

USING INFORMATION INTELLIGENCE TO TURN
KNOWLEDGE INTO COMMERCIAL APPLICATIONS
As Canada's naticra' sciercea Ibrary. “me NRC Zanada
Institute for Scientric and Technical Infarmaticr (NRC-
CISTI) provides access to g'onal sceroo, logh ~ology
and engmeering informatior.

NRC's informatior speciaists and tecnnicar business ara-
lysts in Mancouver -everage mair accsss 1o tiz aformation
10 provide critical irformatic servicss tnat clerts nesd to
position thelr activtiss stratzzically, coumize RAD inves:

ments, and generate comm 2 Zially zucoessiu Sutcomes
To do this. they offer many szrvces.
» technology com~ercializaion inte sence

» information research ang analyeis ‘z-’an irnmz“y imun,wllumlr lzzs.‘s lhah__ :

* patent ;randscape analys.s . 2000!@1&88 in 1997 to a world leader with ap-

* groundbreakmng technica ~formans. pu_muaxew Scorgamzenons rrwastlng$493 mikon

* cutting-edge industry anc market i=formatc- it R&D and generating $133 mitiion in m :

e rapid delivery of uo-to-dara full text articles *rom ' “per year a décade later.
online sources . ln ﬁw 2003 bbmﬁtﬂc Study b’y SCiﬂndB*Mefm(!

'theBCfuelﬁceH chister was ranked number one
- for research output in the world, and meet of it ©
was attrbméd to NRC and the Unwersnyome{sh-

» referrals to industry expers or orgar.zatons,

.The BC: HgFCelusteré aleadng compcnent ofd
' -larger swstamable snergy Sectof in Bﬂt?sh Colun‘rbta
that groasas $700 mrﬂm in annuai revenues.

NRC’S CLUSTER PARTNERS

* TZanadia Hydrogen and Fue! Cell Associatior «{SHFCA

* Simon Fraser Linversity

» Universty of Britis~ Columo &

« Univars.t, of Victor &

* Government of Briish Coiuhia

¢ 8C Hvorz

*+ 30 Traras

» Nesterr Scononn 2 Divers:tboation

* Natural Sciences and Engneering Research Zouncll
of Canaca (NSERT

» Natural Fasources Canaas NRCan

» cidustr, Canada

o Foreign Afars ant oternaromal fra

automeT ve Fus




KRG plays a pwotal role in building a competitive advantage for Canad& based on. science and techno!ogy _
'-sumgths in communities across the country. The NRC commitrrient to fostering clusters has made it a catalyst
for technological progress and economic growth in very region of Canadis. NRC'S-successful’ dlustering model -
encourages local entrepreneurial and peopie advantages, whie laveraging the knowtedge advantages of NRC — -
alizifg on its riational and internationat resources, science and’ technclogy capabilities, networks and panner— )
: _TI’HS proven gpproach supports each cluster based on its wweneeds opportunmes and chaﬂenges
with NRC.as the ch.lster s flexibie and deten-nlned partner.

NRC. lndustnai Reseamh' ]
Assistance Program (NRC- hAP&

Tet: 1—8?7994 -4727
WNW,AIG-CITC.gC.ca/irap

- infoifci-ipac@hic-cnre.go.ca
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Academia, government and indust y are collabor ating o
commercialize hydrogen and fuel cell technologies

Therange of hydrogenand fuel celireen in Canada is extensive and diverse. The

benefits of collaborative rato are iumeraus and par trerships with gavernment.

adustiy and academia cantinue to advance hydrogen and Fusl cell technolagy in

Lanaraand suppait commercialization
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and alarge scale enviccnumental hamber Far ase by inds by

AProten Exchange Membrane {pew) national network of arademia and industry
is beiug formedby Waterlon

tivessityin Chitacn to advaree geo in s tuel el
platforn

Cetllaborativeresearch e fortahetween the |

stitute of Integroated Friergy Systens
at the University of Victosiatizs vir ) aneteadwg Canadian and international nndiss
teial partners are drivingresearch on hydragen and fuet cetl technalogy, analyeis and
integration of sustainahle energy systems.

|
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i
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The HydrogenHighway heips to sustain the existing technology cluster in ec and
nces with other hydrogen highways internationally. Itis a “touch

fproject g fueling wtations, micro hydrogen, tran<por tation and

stationary power applications, the next step s ta expand fusling stations and attract

further vehicles to use the avaitahle hydrogen.

Deployment of Fuet Celttranwt buse: b > ywiil create the
world's largest fleet of hydragen fuel cell buses and accampanying fueling infrastr

ture, andis seenas acornerstone of eo's Hydrogen H




BALLARD BOWFR SYSTEMS |5 PARTHERING W Trd HIATEE HL LS ANT ACME (RO T
SRR Y T AT LG A VASELIEL LT SR CFOH TR E G R AR L FOWER

APPLICATITING M INT &

AGHPELY ALHEEMENT STHEVITES A BIMDBING ¢ R MENY FOR THE PURCHASE OF

APPROXIMATELY Y000 FUEL ¢ ELL UMITS !N 2009 AND $,000 UNIFS Z010, SURIECT

TOMEETING PRODUCT IFSIGN AND ACCFPTANCE SPECIFICATINNG

Mumerous (anadian companies are developing hygrogen and fuet rell power

solttions that peovide cnst affective relabls b Kii Erne 0 o telse i ol

sthuee e

ntrastroc e datacentecg an

ree bealspolicataon,

Al

[[RRSEIE

Flar gy v onb lerzedon Sl el bes nngtig:

adhartages o conyenhisial Bate e and deee el penes ate,

They fratietugheliabehity, lowen mantenang e b, oger openating |
andredicedsice worght installation footpr.nt, snd ey anmental oot

In addirion, new governmenrt regulations mandating eight hour s of hackup operation
time for emergency cammunication wer vices help make fuel celt technalogy compenitive

withincumbent battery technologies.

With existing international par tner ships with companies including Danther m Power,
India-based acMe Tele Power Ltd, and American Power Conversion, Canadian hydrogen
and fuel cell caompanies are well positioned ta suppor t the demand of v5.000 units

fiy 200

These significant commer rial developments are seiting new henchmarks for voluine
production that enable signific ant costraductions. and dermanstrate the commen ¢ ial
potential for hydrogen and fuet cells. The adoption of hydrogen and fuel cell technology
rontinues andbackup pawer applications are a eritical volume rommercial market fon

stalionat y power.




RILOT LA TOMAOGUTL LLYOTHICITY [ ORI L
FPHEAS DTME 8 HE MO Fv BRI T F MATLIHAY §
FHASE TWO STATIONARY FUELCELL WITH TURE
HEATEMERSGY ANDELECTRICIFY

L EEM TS M NTARITD

SEONVERTER TORLES TRHICITY

[ EXPANDER TOCCMNYFRT HX INTR

Fuel Celts are enabling the prodiuction of fow carbon,
low-emission electricity using natural gas. Here athome,
Enbridge Gas Distributionis tearding a unique project in
Ontario's Hydrogen Village.

The widespread adoption i hydhogen and fuel cell tecinatngy depends sn how wellit

integrates with avariety of pres gy sources such as natur st gas. Hesidential stationary
fuetcelis selling now in lapan operate on local city gas.

This project isdlustrating how fuel celt tec binology is providing dean Tuel celt ot
L : BY = 2
power nowusingreadily available natural gas.

The leading edpe natan al gas byhiicd foeloellpdol plant intagrates two proven,

lerwe-t arbron te hnologies and integrates them for increased environmental henefits.

Locatedin Torpnto, it maintaios aiow prafife, and will evertually produce 2

g dwd I af et ty e pingb o Sy 1o s LR e,

Phase One of the project wiliuse a turno expander to praduce electricity asamyproduct
sah

[IIRNIN ) ge dhin

af duy-to-day eperations Lor safelgreasans ulibbes soueeze I 1h

dyalve taedng ppey ibwition ta homee, ard b

tonverts theresulting pressure energy of the natural gas intn electricity and the

naturalgas continues 1 fow 1o homes, and bosinegoss

Phase fwo willintegrate adifierent envivanmentaily sustainable technology 3
stationary fueiceil with the turha expander A chemicaizeact:on wilt crovert natural
gas b hydropen and thenscnvent this by ngeaninteo et snerpy oelalpetoeity

The heat energy is used tanffset baiier ernissions from Enbiridge’s nperations and the
efectiicity produced by the turho expander. The fuel redl will operate without combus
tian, achieving neat-ero smog emissions, s efficient hecause tt generates munimal

greenhouse gas emissions and its only other byproduct is wales vapour.

The combrmation of these two technologies ;s s glohat firsl - a5 well as a clear
exarnple of how hydrogen and fuel cell tachnology can directly link with existing naturat
gas supplies.
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The potential for hydrogen and fuel eelis is big- ~hut it all

starts very small, literally. #uel cells for powering por Lable
¥ P

devices such as cellular phones, laptops and flashlights are

anearly market for hydrogen and fael cell products.

They canrunon avariety of fuels including, Formisa™ (porifed and madified

ey b eweryiday

formic acid) hychregen and mietheil They are anexcilug oppaort

consumers ke witness the aumerous benefits that hyaregen and fuel ceils provide.

par Pabile elae renic desas e nnlinne 1n tasanil Bane tonaleby e i

ranventional battenes arerearhing the |

regacd, fuel cells nave many sdvantages over conventioral batteries They canhe

smallar andlighter and featurs higher pusrpy dencities i battesies D nelopll

PREp e e

wnefnel nrea hange thanbattene do 1o

iydroger cyinder canbervefiladina fractionof the time ahattery needs lnrecha ge

Ao v

oo U anadian ccnmpanies g e develppong ooy e winbnae. Lo jia b
Tekionus integrating afvarced batten y technology with auninae micea
furlerlitechnology tocrmate anew " peronal pown o™ known
asalormira Power Pack, that will be rapable of fitting inside moknle
devices. By utilizing the unique charac teristics of the Formira fusl,
Tekion has rreated two “personal pawer source” product linee capatile
of beingintegratedinto purtable electrani devices or as anexiernal

pawer $Durce.

Angstrom Power is developing micro hydragen™ fuel cell technology
for portabte power. Their fuel cell systems enable high energy density 23 4
power sources in srmall form factors suitahle for portable devices, such
as mobile phenes All beaefit from the fugh power, Inng run times and

fastrechar ge capabilities that micro hydrogen systerns provide.
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THF B TRAMNSIT PHOGECT Wil FEATIINE € ANADAM TEOHMO MG Y AND

PXBRERTIGE FROM AR IOUIDE AN DARALI ARD POWEH 5YSTERMS, OYNE TEK

Ac Transit is championing the world's first hydrogen hybrisd fuel cell hus fleet tar

INDUSTHRIFS. HYDROGENITS CORPURATION, HYDROGEN TECHNOLOGY AND
ENERGY CORPORATION NEW F1vEf INDUSTHIE S 5alff. DAYES CROLR . : .cncm:_:a,.,..u:a:m:__.:?.%:_._o,.,m_e__ce Fully imptemented for the 2c16 Dlymp.c and

_.—

avalympic Winder Games thie prognamwill operate afleet af cobiuss

federal pravincial partnershipwillinvest zao miliion tor the entir e program, in¢ludieg

hydrogen fueling ac Transit, a provincial crown agency. coordinates the defivery of

public transportation ta s = toansit wystens throughout British Cotirnbna and his a

flewt ot over 50 vehicles

The goal s ta demonstrate Fur the first time the integr ation of fuelcell busesinto the

repulas sperdtional ueivice of anprbactransil system allswing mortanog ok ape

trons, maintenance and fueling over a sustained perivd.

et rantntnes e e s onsnilieat Lo el el

Tha clivwlnpment ot ategtooger

Il

technolugies and the Hydragen Higrway as part of the overall plan tu st greehioss:

gas emissians by a3 per cent ey 2a00. Thisinitiative will shows ase Canadian sechnoin -

ISR A

b,

gios il prove te people A thiewor b tnat igpdrogen and tuel

the servieardiefighihity they egpect fiom thes tamar wara

Pukhc tie
peaphe nurban conimn

endally responsible sptina eHhiciently nnoyi

tisalieathy aneny

s Pydvogen funl el are a e ce ol onergy thal produre

zeroemissions Hydrogen transit fluets increase tha already existing health. soial and

envirannerdl henefirs fras pubilic trans




Callaborationis secend nature Lo the Mational Research Council (nrc). As the

Gavernment of Canada’s premer organization far research and developmeat,

NHE (e b s witlimcdued ey, acadensiaand ot gt et depun needs o

create break thrangh magvations centsibuting to the glabat: ampebtiveness of

Canadianindustry.

KL

Theresults new knawledge, new sills, new i tiersaps and e b

arebnosting the economy of Canada and irs cammunities through surcess inmarkats

arestadd e we il

& CATALYS T FOR INNOVATION

Inthe aces of hych ogen and fuetcell rechnotogy the Yancuuver Based NRL Institnre

Tre Fuel el lnnavaton frune e

o dechic 1vau b advans ingsnstry ponseersialigation

daticn programs. Serving as @ netwol king
incubates

throughits resear ch,demaonstration. and «

centre and innovation hwb far theregional fuetcell cluster, wrcarcicurrent

penme s A partod waes s ot Par tae ship Pacility proegram

NRC is also working to integrate fuel cell technalogy inkey sectars of the Canadian

econamy. such as the autemative aeraspace, and constin tion secturs lgint program

like the Nne Construg tion Sec tor Initiative are avercaning harers b The mtegration

of hydragen and fuel zell technalogies into Canadian huildings.

Tratuge Hhal b ki

Thrugh the Hydrogenand Fuel Cell Notwnal Prograi, aoint i
conrdinates with nsere and NaCan, NaC is now uniting a tritical mass af gavernment,
industry and academic stakebolders hetund large-st ale projects inprianty areas

akung Tecinelogy Hevelnpunment

bin e v becndesignec to gree

axchange

Canadian companies aconmnetitve advantage in next geneatioeprok

memhiane psml and solid nxide fuel cell {sarc ] technology

BLAZING A TRAI

These cuilabnrative efforts are paying off. Caneda ranks firstin fuercellresearchor

aper capits basis andstands irstinits scientifc mpacy Canadane arerngnueed

ay hotding the most advantageaus postionn il nilantelle bal prapen by owith the
country's patents recognized s oHering above-average technologicalimgact and

specialization.

Within Canada. nre ranks among the top 1o institutes in the world interms of the

- impact of its publications. nRc-iecrand its regional university partners are recognized

as one of the warld's mast impartant centres af researchc allaboration

This success is not accidental, but the result of a deliberate strategy tospecialize in
selected technologies and core campetencies, build critical infrastructure, leverage
resources and butld exper tise 1hrough strategic collaboratians. Powered by partners.
nRe is delivering rasults.




wicl fuel cottinaeovation:

to Japanese

ark, China. the ugs and other

Hyr ogenic s haswh

production far many years and

international markets

torage tanks tn

al Trade pramotes the hydr

for the hilate

tha
Trade Comm vica {Te ( interes1sa

Aspart of theF irs rnati Irade a1t)

luablerole in<npp @ the Canarian by ogen aod hie rdus

Locatedingver 150 cii : 7 regional nffices across Canada, the 1esis
Canada's most comprehensive network of international trade professionals, affering
expert advice, problem solving skilts and a global network of contacts.

Visit tradecommissioner ge.ca for mere infarmation on our key services




{anadais putting hydrogen energy inmotion. In Vancouver

and Vic ter i, HiitishoOolumbia, annnovative propram

is putting fuel celf electric vehicles to work inreal world
setings.

As the first demonstration of Fuel cell electric vehicles in Canada, the Vancouver Fued

electric vehicles

Cell Vehicle Program is testing and evaluaning five Ford Facus fue
T aperiod ot three years Thevohicles use Ballard fuel cell pngines and Dynetak
hydrogen storage tanks, and were the first to use the fuelng infrastructure and
industry capahilities of Bratish Columbin's Hydrogen Highway

Fhe programisuntrsbuting to the develupment uf asustainasle. zerg emissior
transportatinn system that wilihelp reduce polluticn and greenhouse gases s
ahil

infersatioran fuel

an appen tunity toteat andollecty

Iter by

parturmance, duralnl by and reliability that Lo he applen o e the devriuprmenl

and svalutian of cansumer fuet celivebicles

Vet le Pragraniis a thres yuar Ss s

[he Wanrcoipver Fuelt RONIE R IGETERT

the Government of Canada, Hydrogen & Fuei Cells Lanaga, Ford Motor Company, and
the hovernment of British Coluntia




cell communities.

Butlding trydrogen and tue

abroied e

“he Hydrogen y

i olahaative pubihe

sechinna theecran ace nlae ats .::,._:M_Z__._..&_nq.c:,:;_:_m__h&_c__c::;.__.ox_:_

andfuef cell tecanoioges. "hiz partnership s driving ear by hydroger and fuel cel.

vt

EErarr e by et e D pater Tornnt o A

depinyimantsi
Examples of significant pr ngress achieved ta dateinglude:

b Flace Bt prnwiidiees regiatan

Theestablishim Fasefushug-tation a1 b

“ydrogen refueting ser vice 1o Faur John Deere f usl Call ot tywehicles. Moving

gpaintfors Peet nf Sardby

forward the station will be the pnimary refue

mep ot tine e b e |

\
Semanstratisn of a sulid-nxide fuel cell instal

igrat the Linivers.ry of Torgns

sfoscan

ariden rase 1 as et o R

b T

4

The General Motors plant ia Osrawa is 1ok ing tho ral'

wEy Of o

Wy ol opea bl

e

Peveedr o] fen b

reliabaiy This depinyment rep-esents one of (e iargest [uel cell powered mate

Anarm tes toward comme

ha ndbing aepioyments in e wie d ar

atl EEN

Interlink Cannectivity, aninternet service provider, new operates a fizel cetl back-up

power systemat - officesin Tasonto The fuslzelihack-uj power systom

ng's spade and

5

poviding zero enussinn pawer and is able to acc anineddate the b
weight restrictians,
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o GE LOgO:
Canfirm you have
a GE-brand rmeter

© Meter Numper,

This is the number shown

in the Electric Account Detail
of your energy staterment
urder the heading Meter #

€ Digital Disolay Window:
Check your energy use {see below
and right far display descriptions|

B
SmartMeter®
LR EE RETILE

Your GE SmartMeter™ etectric meter automatically cycles through
four displays.

Confirm you have a

Landis+Gyr-brand meter

©) Meter Number:

This 15 the number shown

in the Electric Account Detait
of your energy staterment
under the heading Meter #

€) Digital Display Wingow:
Check your energy use {see be.ow
and right for display descriptions)

© Landis Gy Loge:

The five-digit number at the top is th= amaoun: - kilowsr

hours {kwh] of erergy you nave used *s date s noe

instailzt-on of the meter, For reference, if you legve a 100 wat!
light Culb onin your home for one hour per dav “o- 30 da:

the

the energy used iz "00watts x 30 hours = 3,00C watt hou

or 3kWh The three-digit number at the bottom = the a:
amount of energy you're using right now Forimstance, 107

means vou're usirg 1.02 kilowatts—o- 7 020 wails,

“- FOCUS AXR-S0 .
JELEE B JER T T
YT eme ODOO00055S
M

PGEE
SmartMeter
L LD S EITEE BiTh ]
Landis + Oy

Your Landis+Gyr SmartMeter™ electric meter automatically cycles
through either three or five displays, depending on your model.

Read tne bottom section or the back 12 find pu? now Yo frack vour o

This five-digit number ' “he amaou=i 1 <ilowe 30
lkWh of energy vou have us -

af the meter 'y ou leave 2 T00-w
Rz farone Rooe perdas for 30 3
07 watts ~ 27 nours = 7 O00 wos

otalls

MLt

The number 88888 with all the elements [j|
serifies that the a.aplay is working progerly.
The three-digit number at the bottom is the
actual voltage [or electrical potentiall *ight now.

On ind.zates the switch s closed, and power
15 heng delivered Off indicates the switch is
open, and power is not being delivered.

Adl lfor Advanced Distribution tnfrastructure)
displays when the meler is communicating
with the on-board SmartMeter™ moduie.
Delivered, at the bottom rignt of the displays,
ndicates use. If there is no power being used,
i doesr’t display

'he number 888888 with all the elerrents it
voribies that the gisplay is working procerly.

This six-digit number is the actual amaunt of
2nergy 5o re usirg right now For instance,
S07.93% means vou me using T 939 kilowatls—

ar 1,93% vealts,

VLT ind zates voitage lor cleztrical potentiall is
semng de. vered. CLS indicates the switzh s closac
and aowes s beirg celiveres, These displays a7¢
aar aval i on &l ~1adels,

YLT reading of zeros indizaics voltage 's not hemg
aeliveres QPN inzicates thz switch is coen and
ing aelivered Those d-=olays are
n 3. modeis




The SmartMeter™ gas
module added between
the meter and the rotary
dials records daily meter

reads and then transmits
the reads to PG&E.

The azsmeler-lixe mechanical dials on your
Gas rreter measure the therms of gas that Fa,
fraveisc throug™ the meter into your horme.

Your 2zz meter uses multiple clock hands and
typica:.w has four dials to read. The first and
third d-als spin counter clockwise, while the
seconz and fourth dials spen clockw.se. Whar
reading the meter, if the dial is between two
rumbess. use the lower number. For instance,
*he meter pictured here reads 5, 2, 3, 9.

The twz dials without numbers are used by
PG&E wnen testing the meter for accuracy,

Read tre next saction to find out how to track
yourda iy gas usz online.

Now for the first time ever, you can see exactly how
much gas and electricity you're using up to the previou
day and when you're using it. Knowing how much
energy you're using puts you in control of your energy
use, and atlows you to make smarter energy choices.

With SmartMeter™ techroiogy, you car track your ene-gy use

5

» Usage Histary

* Hourby/Caiy

Usage:

history ontine. If you don't aiready nave an on.ine account, you

can set one up in just a few minutes:

Go to: www. pge.com/myaccount
The first lirre, you will ¢lick on "Sign Up’

w4 Filiin the required infermation. ou'll neec vour PG&E
account number and te primary phone romber or
your account.

Once you've estabiished vour ontine account, vou can
‘Login” and access your gzs and eteciric energy use h story
right up to the previous day at www.pge.com/myaccount

A

o

]

Doy

i
o
I l I
L ] T YL B s e BN ER g1

Once you've logged in, clicx on "Usage’ on
the left navigaticn bar

Selec: "Usage History to see your
month-by-month energy use and compare
vour manthly hitls. Clicking on *"Hourly/Daily
Usage’ will show you hour-by-hour electric
or day-cy-day gas energy use information
‘exampie shown below].

Daily Energy Use

208 B

@ For more information about the SmartMeter™ program, visit www.pge.com/smartmete
or call 1-866-743-0263.
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