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TRANSFORMATIVE

Canada’s GHG Challenge CHANGES ARE

800
r NEEDED:
N
600 |- N B et
_ \ o ...in our fundamental
= e N 4% : : :
3 . \ 4 socio-technical systems:
e e N ed > Personal mobility
« 5|0 o 8% ® '\\ | » Goods movement
200 1= —% '.\% > How we live
K, .‘;o o i ™ e ™ “2. o (o > Wi ‘s o ’
o .7 - B » Industrial processes

1990 2000 2010 2020 2030 2040 2050
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PROBLEM:

Many — perhaps most —
Canadians do not see
climate change as a
sufficiently compelling
reason to make major
changes in their way of
life...

THIS IS FINE.

...especially if there is
a perceived cost.

The Transition 1’Accélérateur
Accelerator de transition




Maybe the climate change problem

isn't BIG

-NOUGH...

..maybe we need to expand the problem

..we have space to include issues that are compelling
precedents: to Canadians because solutions offer:
[ International trade ] More convenience;
agreements, J Lower costs;
1 Collective J Greater comfort;
bargaining; 1 Improved health;
d .. Jd Higher quality of life



Example:
Personal Mobility

O ~13% of ddan GHGs

Other, more compelling g
reasons for transformative &
systems change:

O Accidents

' Congestion

 Air pollution

O High cost of vehicle

ownership
 Parking
d Urban Sprawl

. , The Transition ’Accélérateur
——— e Accelerator de transition




Disruptive Innovations
in Personal Mobility

!
— |
—
E—
—
-

J Autonomous,

COﬂﬂiCt?d vehicles f optimally implemented, MaaS
d Cars | arlﬂg. could accelerate personal vehicle
1 Electric vehicles electrification and achieve other

O Societal changes 8 highly compelling benefits...

.. but there is a need for | g

New business model: Birected Disrglicm

‘Mobillity-as-a- =0
Service (Maas)" \Q&

The Transition ’Accélérateur
de transition

Accelerator



‘DIRECTING DISRUPTION’ IN PERSONAL MOBILITY

ENCOURAGE DISCOURAGE

 AVs electrification (BE or HFCE) RO Int. combustion engine AVs
J Shared AVs (MaaS)  Privately-owned AVs

Jd MaaS supporting/extending - MaaS replacing public transit
oublic transit

J Pick up/drop off zones (PUDO) § 1 Parking

. People focused communities § O Car focused communities

We need to build positive, shared visions for transition pathways
that addresses business and societal challenges,
including climate change.




THE GRAND
CHALLENGE:

To connect people’s desire for:

* More convenience
* Lower costs

* Greater comfort
Improved health
Higher quality of life

...with the opportunity to steer
transformative change in a low-
carbon direction.

The Transition ’Accélérateur
Accelerator de transition
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REQUIREMENTS OF A
>+ Longer term
TRANSITION PATHWAY /\ Target

1.CREDIBLE (Technically, = < | Atemative

. : ) Pathway
economically, socially) S~

2.COMPELLING (Desired
by key stakeholders)

———————— .
)<<_ Interim
o Target

3. CAPABLE of achieving

the target(s). I:>
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cE/AR  Alberta’s Total Energy System (2013) PJ/yr

O Major (fossil) energy producer,
user & exporter

 Discount prices:
v' Oil: $10-$40 below WTI

(typically -$14/bbl)

v NG: $O.55/GJ|:ﬁ

2015 * 2017 = 2019

antia

End Use Losses

N \_ - Energy Industry Use & Losses
I Electricity Generation

- Wind & Solar



ALBERTA’S GREENHOUSE GAS EMISSIONS

273 Mt CO.elyr in 2017 TRANSFORMATIVE
(64 t CO,e/capita) rans. REDUCTIONS NEEDED:

88% are
0 planes, 200
energy Waste,-0.7/o\ oipelines, » -30% by 2030
emissions off road » -80% by 2050
Other
Stationary Ind.
11% 4. Mostly

Personal .
26% gasoline
Power Generation
17%
Oil Production

230% Road-  VIISIY

Freight :
3830 diesel

Also, oil production and a proportion of fugitive and power generation
emissions are linked to transportation fuel demand (>50%)




CANADA’S RESPONSE TO CLIMATE CHANGE

Flectrification

Current Strategy: Problems: Proposed Strategy
| Reduce C intensity assoc- » 60%-80% of the life cycle O Build new energy
G| iated with making the emissions are associated with fuel ~ Systems requiring zero
g | fuels (diesel, gasoline, combustion (not production,). emission fuels (e.q.
5| etc) that the world is hydrogen, electricity)
king h that Canada can
WOTKING ard to stop » New, dispatchable C-free power 1
using. b oar) | y produce with little or no
» | Sectors now served (ydro, nuctedr) is expensive an GHG emissions
O v focel fuel often not supported by public, |
O (t?’/ar?sssl)r tu ems dustr > Renewables like wind and solar are d Hydrogen production
g q POTL Y intermittent, so grid integration is from electrolysis could
IS agteiphaecaet/' o) challenging, add value to excess
o W | > F cati h and/or intermittent
shifting o or some applications (e.g. heavy /

transport), grid electrification does renewable power.
not work well



BOTH BATTERY & H, FUEL CELL EVS MAKE SENSE
Grid to Battery Electric Vehicles: Hydrogen Fuel Cell Electric Vehicles:

Grid: Grid:
J Low carbon [ High carbon
Personal Mobility  Surplus/low cost/low C power
1 Short urban trips Personal Mobility
Freight Transport J Longer intercity trips
[ Last mile deliveries J Heavy duty, or extensive vehicle use
] Drayage Freight Transport
J Heavy-duty, long distant haulage
Why Alberta should take  Ships, trains, planes

Other
] Fossil C resources

J Holey rocks to store C
e R

a close look at a
hydrogen economy...
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WHY NOwW FOR THE H, ECONOMY?

J Advances in:

>
>

>

Hydrogen fuel cells (lower costs & size, improved performance)
Battery technologies (hybrid vehicles; H,=range extender and power
DOOST)

-lectric motor technologies (better to serve the vehicle market)

O New market focus: NOT personally owned, LD vehicles, but heavy
vehicles & exports (One HFCE vehicle uses a lot of fuel)

O A broader realization that climate change is happening and
transformational, not incremental, change is needed.

d We need to start now and NOT wait for more technology advances (and
we can)



A. Diesel-ICE Energy System

B. ‘Blue’ H,-FCE Energy System

Goods
Trucking — 50
Comwames
| | 40
ICE Diesel retail -----1
Truck Mfg ® | B
T I i — 30
OEM Part RGSGH 71 Transport |-
Mfgs W orsaf . +Retall | 5
, Refinery
Crude oil -----
GE/AR '
‘@ Crude
Oil
Oil in
Ground

$CA/G)

Pre tax price 2013-18

Target Price for Retail H,:
$25-$35/GJ ($3.50-$5/kg H,)

Goods

Goods Delivered [km/GJ H, >> km/GJ diesel]
Truc|<|ng 4 .
Comganies |
I I Transport :
HFCE H, retail --------- thR;taH — 40
Truck T oday B
Migs Transport
H, Wholesale ------ + Retalil
OEM Part 'O today L lect-
Mfgs rolysis
NG in pipeline ---3 ! $83
N §/MWh
GE/AR ‘@ o
Elect-
M Nat Gas _____ ricity
CCS n -

Green H,

$CA/GJ H,

Pre tax price 2013-18



A HYDROGEN ECONOMY ANCHORED BY HEAVY FREIGHT:
AN ENERGY SYSTEM THAT WORKS FOR ALL PARTS OF CANADA

H, (or NH;)
PrOposed » Road Freight Transport N7, Anchor
New Fossil Fuels —~ ‘Blue’ Hydrogen < Trains demand
2 CCS > Fleet vehicles $ to build
nergy scale
SyS tem q H, Exports @
Renewables , , .
or Nuclear T} Green Hydrogen q Ships, Planes
O, » Decarbonizing natural gas




WHY THE HYDROGEN ECONOMY WILL BEGIN IN ALBERTA
1. Per unit energy or km travelled, cost of H, production << cost of diesel;

2. Alberta can make ‘blue’ H, from fossil fuels, manage the carbon and show a
profit for 72 to % the cost of ‘green’ H,;

3. Alberta has a large heavy freight sector and they want an alternative to diesel;

How TO REALIZE THE POTENTIAL:

d Work with sectors like heavy freight to build demand for hydrogen fuel cell electric
vehicles in strategic locations;

d Work with innovative companies to provide 2-10 t H,/day at strategically-located fueling
stations at competitive prices (<$5/kg H, or $35/GJ H,);

d Create a new, low C energy system in Alberta then grow into other jurisdictions along road,
rail and pipeline corridors;

d With infrastructure in place, ‘green’ hydrogen can compete



ENERGY SYSTEMS FOR THE PRODUCTION & DISTRIBUTION OF H,?

Energy  Centralized Fuel Prod’'n Distribution Fueling Station Vehicle
Resource N
SMR + Haber-Bosch I\t NH3 Amm(onia Transport via Truck 3 NH3 NH;>H, 4
SMR + Methanation Methaﬁol Transport via Truck MeOH->H .
Pl MeOH MeOH — Batteries
Natural NG Pipeline C T’ CH49H§ z :
Gas \ " — CH, :
Pyrolysis > in NG Pipeline PSA >
SMR/WGS ) > H, Transport via tube Truck o
— N7 - C— D)
In situ gaS|f’r?membrane @’I H, Pipeline )
Coal/ Cryogen C c
Bitumen LSasification Ll | '_(—’Iﬁ Truck T’ LH, q : :
at surface co ? |2 <
Casticaton | 5 Il K vy —[Fydrady— I
Biomass| " ¢¢® < Motors &
Gasification )
with CCS . ﬂf - MOE » MOFE >) > other
Renew- |..&estobsis, ... 7.}2 > ) Vehicle
ables LOHC LOHCIy ¢ demands
H,0 < o,
or Rowertogrd §__........ I .............................................................. elecirolysis, A1 )
nuclear Storage H,O
v
J
Left underground 4= CO+CO, « # | C — @E/AR
Graphene, Tires, C fiore 4—— C CO, %@ Geological Storage CO; utilization



A Z E ’ E AN INDUSTRY-LED, $15M CONSORTIA SUPPORTED
& S eesm § Seem Seww gy EMIsSSIONS REDUCTION ALBERTA WITH $7.3M.

ALBERTA ZERO-EMISSION TRUCK ELECTRIFICATION COLLABORATION

Funding Support: Lead Applicant: Carriers:

— mmEmEEEEEEEEm—-—- \\ /T T T TR - SNy T T TTETmmmEEE T N\
| EMISSIONS w I /\MTA AberaMotr 1 (Trimae]
, REDUCTION IEARLE LA ransport Assodten ! A :
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! | ~\ Research, GHG Project
' I Accounting and Management:
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: {Commercialization:
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ALBERTA ZERO-EMISSION TRUCK ELECTRIFICATION COLLABORATION
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Bison Transport ‘

FEATURES:

Two H, Fuel Cell Electric Class 8 Trucks
v' 700km Range
v' Heavy Weight (63.5t)
v’ Zero Tailpipe Emissions

Operated on AB Highways by AB Carriers
v Dally Trips Between Edmonton and Calgary

Hydrogen Produced from AB natural gas
v' Steam Methane Reformed (no C mgmt.)
v Cascade Refueling
Timetable:
v July 2019 to June 2021: Build vehicles
v July 2021 to Dec 2022: Test Vehicles

Commercialization Strategy

v" Build consortia interested in 100+ HFCE
vehicles and large ‘blue’ H, fueling stations



ROAD

FREIGHT
TRANSPORT:
THE ‘“ANCHOR .|
TENANT’ IN
AN ALBERTA
HYDROGEN

ECONOMY

Dawson Creel
o

The' Transition |
Accelerator

GE/AR

—\

Fort Smith

|
Wood Buffalo \
National Park |

' ALBERTA’S MAJOR
"TRANSPORT ROUTES |

eeeeeeeeee
)

ALBERTA \

LetMgridge

Uranium Cit
[

STRATEGY: to Engage...

Freight carriers
d 2 - 100 - 1000’s trucks

O Focus on major routes & return to base
O Link to autonomous trucking

Vehicle and OEM mfg’s

0 Reduce cost by scaling prod’'n
O Invest in Alberta

H, producers / delivery agents
O Provide fuel for a limited number of

strategically placed, high volume
fueling stations (2+ t H,/day)

 Build on regional strengths for H,
production / distribution

..through Pilots, Demonstration &
Commercialization Initiatives




NEW BUSINESS MODEL FOR LONG DISTANCE
FREIGHT MOVEMENT

One company:
O Makes low or zero carbon H,
O Provides H, at strategically-located fueling
stations on major intercity routes with large

NIKOLAfONE"

goods movement.
 Buys and maintains HFCE tractors; Plus other investors
 Leases tractors (including fuel, maintenance etc) have approach
to trucking companies for a $/km rate AZETEC about

expanding to
participate in this
model

 Poised to implement with autonomous /
platooning vehicles when technology is ready



Vibrant, Pan-Canadian Economy Associated
A TRANSITION PATHWAY ‘\\wlith the Production & Use of Zero-Emission
TO A HYDROGEN -

_ -~ MNels
-
ECONOMY {:;)\‘/ 1000+ HFCE HDV + trains

- T 100+ HFCE HDV demo

10,000+ HFCE HDV + trains

Bitumen to H, technology
LH, exports to Asia;

H, exports to USA,
Decarbonizing natural gas

Methane pyrolysis technology

Methanol to H, + CCS technology

Nat Gas SMR + CCS +

o lesel mix
pipeline technolog

A-AZETEC Pilot -
HFCE HDV



BUILDING A VIBRANT H, ECONOMY

CARBON-BASED RESOURCES RENEWABLE OR NUCLEAR RESOURCES
m m Natural Gasl C'F’e‘?
Generation
. 4 0, Elect-
H, production Cor CO, Oxy-fuel . Excess [ricity
& purification ¢ Combined Cycle EIECtTIyS'S k
‘ Carbon \ I ~—
ErETErE )l Public Grid
Hz Distribution & Hz Note: Hydrogen (H,) could
Fueling Systems be carried by other non C
containing chemicals (e.g.

Fuel Cells & other H ammonia).
OEM components 2

: |

Truck -
Manufacturer )l Freight Transport | | Other H, Users | | Export Markets |




