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Kyoto 
(-10 Mt/yr)

Actual Emissions

Canada’s Greenhouse Gas (GHG) Emissions

Copenhagen
(-7.3 Mt/yr)

FOCUS ON
INCREMENTAL

CHANGES This will require 
Transformative Changes, 

esp. in energy systems that 
account for 82% of Cdn GHGs. 

FOCUS ON
TRANSFORMATIVE

CHANGES

To date, Canada’s ‘incremental’ 
strategies have only been 

successful in stabilizing GHGs.Paris A
(-19 Mt/yr)

Paris B
(-22 Mt/yr)

Net-Zero

But to address climate change, 
the developed world must 

achieve net-zero GHG emissions 
by 2050.  



Natural Gas
101

Gasoline
113

Diesel
89

Jet 
Fuel

24

O
ther 8

End-use combustion of fossil 
C-based Energy Carriers

334 Mt CO2e/yr

Pathway to Net Zero:
1. Transition to zero-emission carriers/technologies
2. Ensure new carriers are produced without GHGs
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The Problem:

Industry 
(non-energy)

80

Buildings
78

Transportation
183

Canada’s GHG Emissions (2019)
738 Mt CO2e/yr

Fossil Fuel 
Recovery & 
Processing

194

Electricity Gen
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Industrial 
Processes

54

Agric
53
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27

From NIR, 2022

Energy 
Carrier  

Production
(~36%)

Distributed 
end-use 
combustion of 
fossil C-based 
energy carriers
(46%)

46%: End-use combustion of energy carriers
36%: Production of the energy carriers
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Zero GHG Emission Energy Carriers

Electricity

Biofuels

Hydrogen (H2)

Ammonia (NH3)
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The default choice, but not good fit for all markets 
(e.g. Long distance and heavy-duty transport, high temperature 
heat, large temporal shifts in demand).

Uses existing technologies (drop-in fuels) but limited 
feedstock without threatening food supply / ecosystems.

FF with CCS
Some role for end use sectors (e.g. Steel, cement).  
Larger potential role in energy carrier production 

AKA Fertilizer.  Energy-rich gas/liquid made from H2 & N2 (air)

N2

Energy-rich gas that produces only water (H2O) when used.
Haber-Bosch

* CCS= Carbon Capture and Geological Storage

How Can Canada Transition to Net Zero & What is the Role for H2 and NH3?



q How can Canada ‘win’?
q What are the best 

transition pathways for 
regions across Canada?
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…PAN-CANADIAN, NON-PROFIT FOCUSED ON DESIGNING & BUILDING
CREDIBLE, COMPELLING TRANSITION PATHWAYS TO NET-ZERO

Outline
1. Hydrogen (H2) 101
2. Towards a new H2 value chain
3. A Scenario for the Transition of Ontario’s 2019 Energy 

System to Net-Zero
4. Conclusion
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The Periodic Table of the Elements
q The smallest, lightest and most common element in the Universe (~74% all atoms)
q Hydrogen atoms can form bonds with many other atoms:

Ø H2O (water), C6H12O6 (carbohydrates), CH4 (hydrocarbons); H2 (Hydrogen)

From: 
https://pubchem.ncbi.nlm.n
ih.gov/periodic-table/

q H2 energy per mass:  2.5 X NG, 2.8 X gasoline
q H2 energy per volume: 

… as GAS 1/3rd of NG; …. as LQD (-253oC):  ¼ of diesel 
q H2 is most efficiently moved in pipelines as a gas 

https://pubchem.ncbi.nlm.nih.gov/periodic-table/
https://pubchem.ncbi.nlm.nih.gov/periodic-table/
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PRODUCTION

Water

Low C power

Electro-
lyzer

H2

The Transition 
Accelerator

O2

Making and Using Hydrogen (H2) and Ammonia (NH3)

“Green” Hydrogen:
q Cost depends on price of electricity (every $10/MWh adds $0.50/kg H2 to cost). So at 

$80/MWhr, H2 cost is $4/kg + ~$1/kg H2 for capital and operation costs = $5/kg H2
q Capital cost of electrolyzers is declining

NG
Biomass

Gasifier/ 
Reformer

CO2

Utilization
/ storage

Pipeline

Oil

“Blue” Hydrogen:
q Cost depends on scale of production (ideally <200 t H2/d), availability of CO2 storage and the 

price of natural gas (every $1/GJ NG adds $0.20/kg H2 to cost).  So at $5/GJ NG, H2 cost is $1/kg 
+ ~$0.80/kg for capital and operation costs = $1.80/kg H2

NH3

Nitrogen (N2) from air

Haber-Bosch Process

W
hy

 N
H 3

?

q Easier to Store
q Easier to Transport
q Value chain exists (fertilizer NH3)

H2

Combustion

Heat

Fuel cell electric (FCE)Int. Comb. Eng. (ICE)

MobilityPower Gen. MobilityPower Gen.



Ø Research Centre.  2018. Perspectives on 

Canada:
Among the 
world’s lowest 
cost producers 
of low/zero C H2.

Adapted from Asia Pacific Energy Research Centre.  2018. 
Perspectives on H2 in the APEC Region. (Figure 3.4) 
https://aperc.ieej.or.jp/file/2018/9/12/Perspectives+on+Hydrogen
+in+the+APEC+Region.pdf The Transition 

Accelerator

From fossil fuels 
(NG) coupled to 
carbon capture 

and storage 
(CCS)
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Canada:
Among the world’s 

lowest cost producers 
of ‘Blue’ & ‘Green’ H2

From water 
electrolysis 

using very low 
C electricity 
(wind, PV, 

hydro, nuclear)
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https://aperc.ieej.or.jp/file/2018/9/12/Perspectives+on+Hydrogen+in+the+APEC+Region.pdf
https://aperc.ieej.or.jp/file/2018/9/12/Perspectives+on+Hydrogen+in+the+APEC+Region.pdf


Retail Price 
Target for H2: 
Transport

Retail Price 
Target for H2: 
Heating & 
power gen

… so today, the 
economics for H2 is 

more promising for the 
transportation than the 

heating sector.
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What markets offer the most potential in the short term? 
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Natural Gas 
(Heat)

Natural Gas 
(Heat)

Diesel 
(Transportation)

$0.49/L

$0.79/L $0.90/L

$1.50/L
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What Canadians Pay for Energy 
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$7 Per unit of energy, 
Canadians pay more for 
transportation fuels than 
for heating fuels.



q How can Canada ‘win’?
q What are the best 

transition pathways for 
regions across Canada?
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…PAN-CANADIAN, NON-PROFIT FOCUSED ON DESIGNING & BUILDING
CREDIBLE, COMPELLING TRANSITION PATHWAYS TO NET-ZERO

Outline
1. Hydrogen (H2) 101
2. Towards a new H2 value chain
3. A Scenario for the Transition of Ontario’s 2019 Energy 

System to Net-Zero
4. Conclusion



CO2

Reforming à H2

Ind’l
Feedstock 

use

Natural Gas

Existing H2
Demand

Today’s Hydrogen Value Chain

About 8-9 kt H2/day in Canada for
q Bitumen upgrading to SCO
q Crude Oil to Refined Petrol. Prod. (RPP)
q Fertilizer (Ammonia) production
q Chemical & material production

GHG 
Emissions



CO2

‘Gray’ H2 Prod’n

Ind’l
Feedstock 

use

Natural Gas

Existing H2
Demand

New Value Chain For a Net-Zero Hydrogen Economy

‘Blue’ H2

‘Green’ H2

The Transition 
Accelerator

New H2
Demand

Truck
H2

Fueling 
Station

HD
Vehicle 

buyers & 
users <100 bar H2 for Pipeline

Heat & 
Power

Reforming à H2

Export
Ind’l

Feedstock 
use

Electrolysis à H2

Storage

C Capture 
Utilization 
& Storage

(CCUS)

q H2 fuel cell 
electric (FCE) 
vehicles

q H2 internal 
combustion 
engine (ICE) 
vehicles

OEMs

OEMs

q Furnaces
q Water heaters
q Turbines

Liquid-H2

500+ bar H2 Truck

Natural Gas

NH3 Ship

Electrical Grid

Pyrolysisà H2

Re
ne

w
ab

le
s 

or
 N

uc
le

ar
Low GHG H2 Production

H2 Transport / 
Delivery 

Natural Gas ‘Grid’

C Black
In development

Electrolysis à H2

CO
ST

S:

+ +
H2 Production
Blue

Green
0 1 2 3 4 5 6 7 $/kg H2

Green

0 1 2 3 4 5 6 7

Processing and Transport

Pipeline H2 @ 1+ t H2/d/km 

Comp H2 -Truck
Liquid H2 - Truck

$/kg H2

H2 Fueling Stations 
From tube trailers
From lqd H2

0 1 2 3 4 5 6 7 8 9

From pipeline

$/kg H2

Price Targets:
q Heat & Power: $2-3/kg H2 

(energy equiv.: 5-8 cents/kWhe)

q Transportation:  $5-9/kg



US Invests US$7 Billion in Hydrogen Hubs (Oct 2023)
Pacific NW
• US1B
• Renew. e- > H2
• HD transport
• Fertilizer prod’n
• Port operations
• Air pollution 

Mid-Atlantic
• US$750M
• Nucl. e- > H2
• Renew. e- > H2
• O&G Sector
• HD Trucks, buses, street 

sweepers)
• Combined heat & 

power

Midwest
• US$1B
• Nucl. e- > H2
• Renew. e- > H2
• NG+CCS > H2
• Steel & Glass prodn
• Power gen
• HD transport,
• Aviation fuels

California
• US$1.2B
• Renew. e- > H2
• Biomass > H2
• Buses, HD Trucks. 

Port Operations
• Air pollution

Appalachian
• US$925M
• NG+CCS > H2
• H2 pipelines
• HD vehicles

Gulf Coast
• US$1.2B
• NG+CCS > H2; Renew. e- > H2; Storage
• O&G sector, Fertilizer Prod’n
• Power Gen & Space heating
• Trucks, marine fuel (methanol0

Heartland
• US$925M
• NG+CCS > H2
• Fertilizer prod’n, 
• Power Gen & Space heating

https://www.energy.gov/oced/re
gional-clean-hydrogen-hubs-
selections-award-negotiations 

These hubs have the geology for blue 
H2 & could support Ont. demand 

https://www.energy.gov/oced/regional-clean-hydrogen-hubs-selections-award-negotiations
https://www.energy.gov/oced/regional-clean-hydrogen-hubs-selections-award-negotiations
https://www.energy.gov/oced/regional-clean-hydrogen-hubs-selections-award-negotiations
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Some Low GHG 
H2 initiatives in 
Canada

Project Announcements 
on Wind à H2 à NH3 

for export to EU 

Project Announcements 
on NG+CCS à H2 à NH3 

for export to Japan

Electrolytic Hydrogen Production in Canada
(to support cars, trucks, buses, trains or 

space heating)

Estimated Annual 
Production in AIH:
Total: ~2400 t H2/d
Some ‘light blue’ H2

Air Products ATR under construction
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Progress to Date 
EDMONTON:  OPENED IN OCT 2023
CALGARY: OPENING IN LATE 2024

H2 Refueling 
Station for 

HD Vehicles

TRAVELLING ROAD SHOW 
WITH H2 VEHICLES

Hyzon
(HFCE)

(HFCE)

H2-Diesel Dual 
Fuel (HD2F) 
Vehicles

Up to 40 
t GVW 

q Currently 
being 
built in 
Montreal 

q Will arrive in 
Edmonton 
Q1 2024

q Will move 
freight on 
Hwy 2 in 
2024-25

q Design, Build and Trial World’s first two 
63.5 t GVW HD Vehicle
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Progress to Date (Continued)

AZEHT
ALBERTA ZERO-EMISSION HYDROGEN TRANSIT

q Two H2 fuel cell electric buses on 
road in Edmonton & Strathcona in 
2023-24;

Edmonton Transit

Strathcona Transit

HYDROGEN-POWERED 
LINE-HAUL FREIGHT 
LOCOMOTIVE

q First HFCE 
locomotive 
retrofit in 2022

q Two other 
locomotives 
being converted 
now.

Fort Saskatchewan
Hydrogen Blending Project

q To decarbonize space heating 

YEG PURCHASES 100 
H2 FUEL CELL 
ELECTRIC CARS
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https://www.kedglobal.com/future-
mobility/newsView/ked202301180010  

https://amogy.co/industries/

Off-grid, zero emission power 
generation https://amogy.co/

Other Initiatives: NH3 as an Energy Carrier

Marine Applications

https://www.kedglobal.com/future-mobility/newsView/ked202301180010
https://www.kedglobal.com/future-mobility/newsView/ked202301180010
https://amogy.co/


What’s coming?
Hydrogen for Aviation

https://www.euractiv.com/section/aviation/news/airbus-to-test-hydrogen-jet-
engine-in-step-towards-zero-emission-aviation/

https://www.canarymedia.com/articles/air-travel/zeroavias-
hydrogen-powered-test-plane-is-nearly-ready-for-takeoff

https://robbreport.com/motors/aviation/h2fly-aircraft-liquid-
hydrogen-fuel-1234740571/



q How can Canada ‘win’?
q What are the best 

transition pathways for 
regions across Canada?
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Transitioning Ontario’s 2019 Energy System to Net-Zero

End-Use 
Energy 

Demand 
in ON 

(not including 
electricity or 

O&G 
production) 

End-Use 

What are the 
most credible 

and compelling 
net-zero 

solutions for 
these sectors? e-

e-

CCS

e-
CCSH2 & NH3

e-

e-
H2

H2 & NH3

Biofuels

e-

H2

e-

H2

e-

H2

H2 & NH3e-

e-

Biofuels
H2 
NH3

CCS

e-
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Features of a 2019 Net-Zero Energy Transition in Ontario
Low GHG Electricity Bio-fuels Hydrogen

q Nuclear 
q Wind & Solar
q Imported Hydro (QC)
q H2 for peaking

q Forestry residues
q Municipal solid waste
q Agricultural residues
q Some Agric’l crops

q From wind, solar, nuclear 
when e- supply>demand

q From Natural Gas Pyrolysis
q Import blue H2 from USASO
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Transport   34
Agriculture     4
Buildings   61
Industry   50
TOTAL 287 TWhr

Existing:  117 PJ
Transport   56
Agriculture     1
Buildings     1
Industry   47
TOTAL 222 PJ

Ad
di

tio
na

l

Ad
di

tio
na

l

2.1 X 1.9 X

Existing:         0 t H2/d
Transport 3,647
Agriculture    353
Buildings 3,221
Industry 2,063
TOTAL 9,284 t H2/d
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+ 2716 (power prod’n) = 12,000 t H2/d



CONCLUSIONS

David B Layzell PhD, FRSC.
Email:  dlayzell@transitionaccelerator.ca
Web:  www.transitionaccelerator.ca

q To address climate change, it is imperative that we transition away from traditional 
FF-based energy carriers, and towards zero-emission energy carriers like electricity, 
biofuels, hydrogen and ammonia.

q In our end-use sector analysis for the 2019 Ontario energy system: the net-zero 
transition required a doubling in grid power and biofuels, and ~12,000+ t H2/day.

q Some green and blue H2 could be produced in Ontario, but most will need to be 
imported, probably from Michigan or Ohio. H2 pipelines will be essential to achieve 
price targets.

mailto:dlayzell@transitionaccelerator.ca
http://www.transitionaccelerator.ca/

